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Level Limit Measuring System
liquiphant M/S with
electronic insert FEL 54

Functional safety manual

Application

Overfill protection or operating maximum
detection of all types of liquids in tanks to
satisfy particular safety systems
requirements to IEC 61508/IEC 61511-1.

The measuring device fulfils the

requirements concerning

e Safety functions up to SIL 2

e Explosion protection by intrinsic safety
or flameproof enclosure

e EMC to EN 61326 and NAMUR
Recommendation NE 21.

Endress +Hauser

The Power of Know How

Your benefits

o For overfill protection up to SIL 2
— Independently assessed (Functional
Assessment) by exida.com to
IEC 61508/IEC 61511-1
e Monitoring for corrosion on the tuning
fork of the sensor
e No calibration
e Protected against outside vibration
e Easy commissioning
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Liquiphant M/S + FEL 54

SIL declaration of conformity

SIL-03005b/00/a2

SIL Konformitéfserklérung
SIL Declaration of Conformity

Funktionale Sicherheit nach IEC 61508/IEC 61511
Functional safety according to IEC 61508/IEC 61511

Endress+Hauser GmbH+Co. KG, Hauptstrasse 1, 79689 Maulburg

erklart als Hersteller, dass der Fullstandgrenzschalter fur Flussigkeiten
declares as manufacturer, that the level limit switch for liquids

Liquiphant M/S FTL5.-, FTL5.H-, FTL51C-, FTL7.-
+Electronic insert FEL54

fir den Einsatz in Schutzeinrichtungen entsprechend der IEC 61511-1 geeignet ist,
wenn die Sicherheitshinweise und nachfolgende Parameter beachtet werden:

is suitable for the use in safety-instrumented systems according to IEC 61511-1, if the
safety instructions and following parameters are observed:

Product Liquiphant M/S
+FEL54
Schutzfunktion/Safety Function Uberfiillsicherung/overfill protection
SIL 2
Prifintervall/Proof test interval <1 Jahrlyear
DeC Geratetyp/Device Type B
HFT] 0 (einkanalige Verwendung/single channel use)
SFF >77%
j{> + PFD,y”? <0,05x102
B Adu 110 FIT
‘ Add 0,1 FIT
5 hsy 324 FIT
P P 52 FIT
MTBFir) 232 Jahre/years

3]
IRXM!

" gemaR Absatz/according to clause 11.4.4 of IEC 61511-1

2 die Werte entsprechen SIL 2 nach ISA $84.01/ the values comgly with SIL2 according to ISA S84.01.

¥ gemaf Siemens SN29500, einschlieRlich Fehlern, die auRerhalb der Sicherheitsfunktion lisgen
according to Siemens SN29500, including faults outside the safety function

Das Gerét einschlieRlich Software und Anderungsprozess wurde auf Basis der
Betriebsbewahrung bewertet.

The device including the software and the modification process was assessed on the
basis of prior use.

Maulburg, 05.09.2003
Endress+Hauser bH+Co. KG

Leite¥ Zertifizierung Projektleiter
Manager Certification Projectmanager
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Liquiphant M/S + FEL 54

Introduction

General depiction of
a safety system
(protection function)

Parameter tables for determining Safety Integrity Level (SIL)
The following tables are used to define

e The reachable SIL

e The requirements pertaining to the “Average Probability of Dangerous Failure on Demand”
(PFD,,)

e The “Hardware Fault Tolerance” (HFT)

e The “Safe Failure Fraction” (SFF)

of a measuring system suitable for the safety function.

The specific values for the Liquiphant M/S measuring system with FEL 54 (relay version) can be
found in the Appendix.

Permitted probabilities of dangerous failures on demand of the complete safety related system
dependent on the SIL (e.g. exceeding a defined MAX level/switch point)
(Source: IEC 61508, Part 1):

SIL PFD,,
4 >105..< 10
3 >10%..< 10738
2 >10°..< 102
1 >102..< 10"

The following table shows the achievable Safety Integrity Level (SIL) as a function of the
probability fraction of safety-oriented failures and the "hardware fault tolerance" of the complete
safety system for type B systems (complex components, not all faults are known or can be
described).

SFF HFT
0 1 (0)! 2 ()
<60 % not allowed SIL 1 SIL 2
60 % ...< 90 % SIL 1 SIL 2 SIL3
90% ...<99% SIL2 SIL 3
>99 % SIL3

1) In accordance with IEC 61511-1 (FDIS) (Section 11.4.4), the HFT can be reduced by one (values in
brackets) if the devices used fulfil the following conditions:
- The device is proven in use,
- Only process-relevant parameters can be changed at the device (e.g. measuring range, ... ),
- Changing the process-relevant parameters is protected (e.g. password, jumper, ... ),
- The safety function requires less than SIL 4.
All conditions apply to Liquiphant M/S with FEL 54.
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Liquiphant M/S + FEL 54

Structure of the Level limit measuring system

measuring system . — . . .

with Liquiphant M/S The measuring system is displayed in the following diagram (example).
with FEL 54

Liquiphant M/S

Electronic insert

LOO-FTLxxxxx-16-06-xx-en-000.eps

Safety function

The safety function only applies to MAX safety (overfill protection) and use of the relay NO
contacts working simultaneously.
The following settings are permitted for the safety function:

Instrument Setting As-delivered state

Liquiphant M/S Density switch setting: 0.5 Density switch setting: 0.7
Density switch setting: 0.7

"MAX" safety "MAX" safety

The level relay always works in quiescent current safety; i.e. the relay releases when:

e The switch point is exceeded (level exceeds response height)
e A fault occurs
e The mains voltage fails

In addition to the level relay, a red LED indicates the following:

e | evel alarm (fork covered) - red LED illuminated
e Corrosion alarm or detected electrical fault - red LED flashes (1 Hz)

Endress + Hauser 5



Liquiphant M/S + FEL 54

Permitted versions of the Liquiphant M/S with FEL 54 for the safety function

The following combinations are permitted for the measuring system:

Liquiphant M with (FEL 54)

Ligquiphant S with (FEL 54)

FTL SO-######A###"
FTL S1-###H#AHH##"
FTL 50 H-######4#H##*
FTL 51 H-######A#H##*
FTL 51 C-#HH##HA#HIH

FTL 70-######A##H##*
FTL 71-#H# A

Permitted instrument types (# = all instrument versions permitted); * 4 = FEL 54

Safety function data

The mandatory settings and data for the safety function can be found in the Appendix (Page 9).

The measuring system reacts in < 0.9 s.

Note!
MTTR is set at 8 hours.

Safety systems without a self-locking function must be monitored or set to an otherwise safe
state after carrying out the safety function within MTTR.

Supplementary device documentation

The following must be available for the measuring system:

Technical Information Operating Instructions
Liquiphant M Types FTL 50, FTL 51, Types FTL 50, FTL 51: KA 143F
FTL 50 H, FTL 51 H:
TI 328F Types FTL 50, FTL 51: KA 163F
(with aluminium housing/separate terminal
compartment)
Types FTL 50 H, FTL 51 H: KA 144F
Types FTL 50 H, FTL 51 H: KA 164F
(with aluminium housing/separate terminal
compartment)
Type FTL 51 C: Type FTL 51 C: KA 162F
TI 347F
Type FTL 51 C: KA 165F
(with aluminium housing/separate terminal
compartment)
Liquiphant S For all instrument types: Types FTL 70, FTL 71: KA 172F
Tl 354F
Types FTL 70, FTL 71: KA 173F
(with aluminium housing/separate terminal
compartment)
Relevant contents Connection data, Setting, configuration, remarks,
Installation instructions function tests
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Liquiphant M/S + FEL 54

Settings and installation instructions

Installation instructions Please refer to the Compact Instructions
(KA) for information regarding the correct installation of Liquiphant M/S with FEL 54.
Since the application conditions have an effect on the safety of the measurement, pay attention
to the notes in the Technical Information
(Tl and Compact Instructions (KA).

Refer to the following documentation for instructions on setting the instruments:

Instrument Setting description in documentation:

Liquiphant M/S (FEL 54) KA 143F KA 163F, KA 144F, KA 164F, KA 162F,
KA 165F, KA 172F, KA 173F, *

(* type-dependent, see Table: Supplementary device documentation, Page 6)

Settings for Liquiphant M/S (FEL 54):

e The density switch setting must be configured according to the density range of the medium.

e The setting of the safety mode has an effect on the function. The DIL switch must be set to MAX
in a SIL application.

@ Caution!

Observe the following for FEL 54: The operator must use suitable measures

(e.g. current limiter, fuse) to ensure the relay contact characteristics are not exceeded:
e U< 253V AC50/60Hz,1<6A,P <1500 VA atcos >0.7 or

e U<30VDC,I<6A P<80OW

@ Caution!

Changes to the settings at the electronic insert FEL 54 after measuring system start-up can impair
the protection function!

Endress + Hauser 7
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Response in operation and failure

The response in operation and failure is described in the following documentation:

Instrument Setting description in documentation:

Liquiphant M/S (FEL 54) KA 143F KA 163F, KA 144F KA 164F, KA 162F
KA 165F, KA 172F, KA 173F, *

(* type-dependent, see Table: Supplementary device documentation, Page 6)

Recurrent function tests of the measuring system

The operativeness of the overfill protection must be checked annually if the PFD,, values given in
the Appendix are used.

The check must be carried out in such a way that it is proven that the overfill protection functions
perfectly in interaction with all components. This is guaranteed when the response height is
approached in a filling process. If it is not practical to fill to the response height, suitable simulation
of the level or of the physical measuring effect must be used to make the level sensor respond. If
the operativeness of the level sensor/transmitter can be determined otherwise (exclusion of faults
that impair function), the check can also be completed by simulating the corresponding output
signal.

Caution!

Note the following points for the function test:

e Relay contact switching can be checked by using a hand multimeter at the terminals or by
observing the overfill protection elements (e.g. horn, adjuster).

e During the recurrent test, all existing relay contacts must be tested.

e As a positive test result, a covered tuning fork must be detected and trigger the alarm for overfill
protection.

e If fork covering is not detected during the recurrent test, the monitored process must be
set to a safe state by means of additional or other measures and/or kept in the safe state
until the safety system is repaired.
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Liquiphant M/S + FEL 54

Appendix

Specific values and
wiring options for

the measuring system
Liquiphant M/S

with FEL 54

The tables show values and wiring options relevant to safety for the measuring system.

Note!

Note the following points on the tables below:

e The PFD,, value applies to alarms with NO contacts. Using NC contacts instead of NO contacts

requires further consideration.

lool architecture

Liquiphant (FEL 54)

1) density 0.7 /0.5

Settings 2) MAX safety
Evaluated transmitter (FEL 54)
MAX
LOO-FTL325Nx-14-06-xx-xx-010

SIL SiL2
HFT 0
SFF >77 %
PFD,, <0.083x 102
Wiring scheme

911[@% CH1 N

CH1 1A

LOO-FTLxxxxx-04-06-xx-xx-001.eps

Twin contacts DPDT

Recurrent test
e.g. approaching level

Tl (test interval) = annual

6,00E-03

1o01D structure

5,00E-03

4,00E-03
3,00E-03

Probability

2,00E-03

1,00E-03

0,00E+00 T
0,0

2,0

4,0 6,0

8,0

10,0

— PFDavg

Test interval
[years]

LOO-FTLxxxxx-05-06-xx-en-001.eps
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Exida Management Summary

1z jo ¢ sbey Iauusiguayosy ueydasg
£00Z ‘82 ABnigad 01 0A 200! 9L-G-20 U+ HOWE) wo npixa ¢

805190310 ¢’ eV L 98s
sjieisp 1oy {(91fio] sjgewweifoud 1o sisjoiuos oow Buisn) wsuodwos xajdwog, quauodwos g adil

‘E0-3G'E
0} |enbe Jo uey) Jejjeq eq o} @] ‘afiuel siy) Jo %GE ueyl aJow Wiep jou o) uswainbal ay)
IIIn} Op PUB 966 110" F8-YSI/ISNY JO | € BI4E) PUE |-80S18 D3I JO g 8/qe) 0} Buipicooe g IS
Joj 2Buel pamojle Byl UlyIm aJe sanjea Vg pajenaea ay) jey) ueaw ( E@) usalb ul paylew
saxoq 2yl ‘£0-3G'c 0} |enba Jo uey) Janaqg aq o "2l ‘abuel SIY) JO %,GE UBYL DIOW LSO JOU
0} JuBtusnbal 8uy (1IN JOu 0P NG L-B0GLY D3| 40 Z 21qe) 0} Buiplooe 7 IS 4o abuel pemolie
8l UIyPM aIe sanjea SAYQ4y pelenojes ayy jeyy ueaw ( [ ) mojak ul pasew saxoq 8y

Uik 20-304°L = ™Y
UL OL-3EL'L ="y
UjL 20-3¥2'E = "¢

u/L 80-38L's = "¢

% Ll < : : 3 :
‘ 448 Jeak | = [Jooad]L

$6 134 indine Kejas yym g weydinbry sop Arewnung | ajqe)

%06 >
0 %09 J0 445 & Buiney pue sjusuodwoo g adA] Bujaq swalsAs (-gns) z IS 40) JUBI2IWNS S| Q JO
20UEIS|0} )N 8IEMPIBY B |G UONDSS Ul PAYLOSapP JUSLUSSISSE 3y} PUB $'¢° | | UORISS Z0-60-./Z
1'P3 8104 L-L1519 D3] Jo siuawaiinbal ewyy 0} Buipioooe si0jeiaL] N0 PALLED SEM 8IBMYOS
S)i PUE S2|A0P BY3 JO} UDNENSUDWAP 8sn-ul-usacld [BUDHIPPE )M SIBMPIRY 8y} JO JUSLLSSSsSE
ue ‘soimep ssn-uusncid e s8q 0y pasoddns s1 G 34 Indino Aejar yum g Jueydinbry sy

‘swashs (-gns) z IS 10} 2-8051L9 DI 40 £ 2ge) 0} Burpioooe
| J0 20UBI3|0} YNEY BIBMPIRY B SABY ISNW %06 > O} %09 JO 445 B Ypm sjusuodwoo g edAL

Jueucdwoa g adh] e 8q 0] paispisuod s| 5 134 Indino Aejes yim g/ Jurydinbr

‘£0-305°¢ 89 usy) pinom ped Josuas ey Joj anjea g g
|[gemo||e WNWIXeW SU} 22uUdy 'Z0-300'| UBY] J2||BWS aq pINoys 4|S ayl jo anjea 949q44 |e1o0)
ay) uoneaidde Z IS B Jod "ped Josuas auy) Ag pasned s anjeA Y044 41S |B101 94l JO %,GE 1EL)
sownsse yed Juowaja |eul pue ‘Led Jeajos 216o| ‘ped Josues sy} JBAD H|S E JO senjea 2404y
10 uopnguisip paydasoe Ajjeseuat v “suonouny Ajajes z IS Jo) 0L > O} LOLZ 8q 0} SEY Spow
puewap mo| ul Bupeiado swasAs o) 44 ebeisre ayy 1-§051L9 D31 4O Z ©lqe) 0} Buipioooy

00562 NS PJEPUE)S SUBLLAIS 8Y) UD Paseq ale sisAleue s|U) Ul pasn sajed ainjie) aul
‘palspIsuc) aq 1SN 20519 D3| Jo sjuswelnbal

Ile sasodind juswssasse |ny Jo4 "@dinap aly} Joj pelenoea s| (44S) uopoeld aunjied ejeg
ay) Ajuenbasuco pue psuiuisiep ale SaleJ aInjie) “YAIWL B wold 'gogle N3 Jed aamap
B JO jJualissasse £jajes [Buonouny ansiyoe o) uaye} sdals ay jo auo s yaIwd v (va3wL)
sishjeuy sapsoubelq pue sjoey3 ‘sspojy njE4 B Jo SISISUCD JUSLWUSS3SSE 2IEMPIEY ay|
‘uofaalap Xy Uim suopeoidde Joj 0L\ UOISIaA SIEMYOS Yum pg T34 indino Aejal

i S ueydinbi ue no pewes 11518 O31 SIAL / 80519 D31 0 Buiplosoe UOHEIIPISUDD
asn-ul-usaoid Upm JUBLUSSSSSE BIBMPIBY SUl JO SYNSal oyl Sozuewwns uodar syl

fewwns yuawabeuepy

vaiBuione eqepuedag b soueaIKe

LOO-FEL54xxx-01-06-xx-en-003.ti

‘pantasal sWyBu Iy @
JUBWNI0R 2u 4o uonealdde s Wi UonoeUL0d Ul safeLlep [enuUanbasuod Jo [Bluapoul 10) juaas Aue
U BIQE)| 84 10U [[eYS pUE Pup AUE Jo AUBEM U SYEW SIOUINE SYL WoR? 1s2q Buisn pasedaud sem juswinoop ey

Jauuaiquayosy ueydals
£00g Aueniged ‘0’ Ly UoIsIney ‘0/\ UOISISN
£00Y 91-9/20 H+3 70N Wodey
91-9/20 H+3 “ON 19BAjUCD

Auews
Bangnew

O '0D+HJWo) JesneH+ssalpul

lawoisng

(uonosjep XvIN) spinbi| ul uolasiap YW [AS] Yim suoneolddy
#§ 134 Indino Aejes yim S/ Jueydinbi yalms Jull [oaeT
100loid

uope|Nofed 2V 4y
pue uoneuIwIalep 448 Buipnjaul va3wA

:om%ouzm s|gqepuadap u 80ud|je0Xa
p ¥ r

LOO-FEL54xxx-01-06-xx-en-002.i

Endress + Hauser

10



Liquiphant M/S + FEL 54

1Z jo g sbieg IBuuBIqUeyDSY ueydals
£00Z "87 AJBIUGEJ ‘D' 04 L004 91-0-20 Y+2 HOWS) wo ppIxa &

‘suondwnsse |[e ypm Buoje z'g uonpas ul pajuasald si suonipuos Bunelado juaiayip Joj SOES
aun|iey jo ajgey Iy v (718) 1pne) Aubaju Ayages Jenoiued e u) abesn (g18) waysAs pajuawnisu
Kejes Jop ped u Aynqeyns sujuuslsp o) (4)S) uopouny psjuswnisul Ases B Jo |spow
ansiiqeqold e ul sejel 8in|Ie) &8sy} 871NN UBd G 7134 Indino Aejel yum g Jueydinbi jo Jasn y

‘20-60-LZ 1'PA S104 1-11519 D31 0 swue) Ul suonouny Kjejeg IS
10} 8o1a8p a|buis B se pasn aq ued Asy) ,8sh loud, Jo UOIEIIJIBA B8Y) UO paseq ")) <
40 (445) uoyoeiy eanjied ejeg e pue 9661-10"v8-VSI/ISNV 4O '€ BIqe} pue |-g0s5i9 D3| 4o
Z 9|qe) 0) Buipiosae z |g o) ebues pamoje syl uiym 24¥q44 e sey ¢ 134 Indino Aejes
ypm s/ Jueydinbiq ey umoys sey gpgLo D3| o} Buypioooe Juswssesse [euojjouny syl

UGB SGEPUST U1 aoUBERIX

s&ﬁu.ﬁﬁmxmv

LOO-FEL54xxx-01-06-xx-en-004.ti

11

Endress + Hauser



Liquiphant M/S + FEL 54

Supplementary Safety in the Process Industry — reducing risks with SIL
Documentation PK 002Z2/11

Endress+Hauser GmbH+Co.
Instruments International

P.O. Box 2222

D-79574 Weil am Rhein
Germany

Tel. (07621) 975-02

Tx 773926

Fax (07621) 975 345
e-mail: info@ii.endress.com

Internet:
http://www.endress.com
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