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Level Pressure Flow Temperature Liquid

Analysis

Functional safety manual

Soliphant M with

Registration

electronic insert FEM54

Level Limit Measuring System

Systems Services Solutions

Components

i

Application

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

The measuring device fulfils the requirements
concerning
m for safety functions up to SIL 2
m explosion protection by intrinsic safety or flameproof
enclosure
m EMC to EN 61326 and
NAMUR Recommendation NE 21.

SD205F/00/en
71020795

Your benefits

m For overfill protection up to SIL 2
— Independently assessed (Functional Assessment)
by exidato [EC 61508
= No calibration
m Protected against outside vibration
m Easy commissioning
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SIL declaration of conformity
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SIL-05004b/00/a2

SIL-Konformitdtserklarung
Funktionale Sicherheit nach IEC 61508

SIL Declaration of Conformity
Functional safety according to IEC 61508

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

erklart als Hersteller, dass der Fiillstandgrenzschalter fiir Schiittgiiter (Seriennummer XXXXXXXXXXX)
declares as manufacturer, that the level limit switch for bulk solids (Serial number XXXXXXXXXXX)

Soliphant M FTMS5.-
+ Electronic insert FEM54

fiir den Einsatz in Schutzeinrichtungen entsprechend der IEC 61508 geeignet istawenn die
Sicherheitshinweise und nachfolgende Parameter beachtet werden:
is suitable for the use in safety-instrumented systems according to [EC 61508,3 ction
and following parameters are observed:

e safety ins{ru

Gerdt/Product Soliphant M
+FEM54

Schutzfunktion/Safety Function Uberfﬂllsichemng/o;ﬂdll Vrﬁm
S NN W W

Priifintervall/Proof test interval <1 Jahr/y}xr ) )
Gerdtetyp/Device type B

HFT O(ﬂimfnge VNndu single a\{nneﬁs\e)
[ N X% >
PFD,y; " T ( \0.0240)0° .
2N ¥

At Z}O’ﬁT

D [ N

hsg

N

58 FIT

MTBF, ?

i
< |

[

144 Jahre/years

ch ISA
hlieBlic

(),
' Die Werte ent hen\SIL na 84.01Thg/values comply with SIL 2 according to ISA $84.01
" gorqdl Siepréns SN29580, ejnsc h FellernAdie auerhalb der Sicherheitsfunktion liegen/
cordin temens SN2950 ing faults outside the safety function

Das Ggratwurde in efperh vollstandigen Functional Safety Assessment unabhéngig bewertet.
heAdeyi as agsessed independently in a complete Functional Safety Assessment.

ulbu 02.2006

Endre}s4Hauser GmbH+Co. KG

Leitudg Zertifizierungsstelle
Management Certification Department

Leitung Entwicklungsprojekt
Management R&D Project

Endress+Hauser
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SIL05004b-en
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Functional Assessment Report

‘exida. com’

Management summary

The Functional Safety Assessment of the Endress + Hauser Maulburg, Soliphant M
development project, performed by exida consisted of the following activities:

- exida assessed the development process used by E+H Maulburg for this development
project against the objectives of IEC 61508 parts 1 to 3.
All objectives have been successfully considered in the E+H Maulburg development
process for the level switch Soliphant M.

- exida assessed the development process by an detailed development audit which
investigated the compliance with IEC 61508 of the processes, procedures and
techniques as implemented for the E+H Maulburg level switch Soliphant M development.
The investigation was executed using subsets of the IEC 61508 requirements tailored to
the work scope of the development team.

The objectives of the standard are fulfilled by the E+H Maulburg, for the level switch
Soliphant M development project.

- exida assessed the safety case prepared by E+H Maulburg against the technical
requirements of IEC 61508 for a type B subsystem.
The safety case demonstrated the fulfiliment of the technical requirements of IEC 61508
for the level switch Soliphant M development project.

Some areas for improvement were identified which are generally required to formally show the
compliance to IEC 61508. However, because of the size of the project (limited number of
peopie) and the low complexity / limited size of the product, E+H was able to demonstrate that
the objectives of the related areas have been successfully met.

The result of the Functional Safety Assessment can be summarized by the following
statements:

The audited E+H development process tailored and impiemented by the Soliphant M
project related to Hardware and Software development comply with the relevant safety
management requirements of IEC 61508 SIL 2.

The assessment of the FMEDA, which is performed according to IEC 61508, has shown
that the level switch Soliphant M has a PFD,yg within the allowed range for SIL 2 (HFT=0)
according to table 2 of IEC 61508-1 and a Safe Failure Fraction (SFF) of more than 90%.

This means that the level switch Soliphant M is capable for use in SIL 2 applications.

W"“

Audun Opem, Senior Project Manager

Dipl.-Ing. (Univ.) Rainer Faller, Principal Partner

LOO-FEM5xxxx-01-06-xx-en-001
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Introduction

Note!
For general information about SIL please refer to: www.endress.com/sil

and in the Competence Brochure CP002Z "Safety in the Process Industry — reducing risks with SIL"

Structure of the measuring system with Soliphant M
with FEM54

Level limit measuring system

The measuring system is displayed in the following diagram (example).

Soliphant M

Electronic insert

LOO-FTM5xxxx-16-06-xx-en-001

Soliphant M with electronics insert FEM54: universal current connection (DPDT) with relay output

Safety function

The safety function only applies to MAX safety (overfill protection).
The level relay always works in quiescent current safety; i.e. the relay releases when:

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

The measuring range of Soliphant M depends on the medium, mounting location and fork length.

The detection range is within the length of the fork and depends on the weight of the medium and the resulting
type of fork:

m Standard fork with a length of 155 mm (Density of medium > 10 g/1) and
m Short fork with a length of 100 mm (Density of medium > 50 g/1)

Endress + Hauser
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Permitted versions of the Soliphant M with FEM54 for the safety function
The following combinations are permitted for the measuring system:

n FTMOS0-##HHHA#HHE
n FTMOS | HHHHA#HHE
n FTMDO2-##HHHA#HHE

Permitted instrument types (# = all instrument versions permitted excepting 9 and Y)

m Valid FW version (firmware): V01.01.00 or higher

m Valid HW version (hardware): V01.00 or higher

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 under the condition that the electronics insert is on stock.
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 The following must be available for the measuring system:
device documentation
Technical Information Operating Instructions
Soliphant M FTM50, FTM51, FTM52 FTM50, FTM51
TI392F/00 KA229F/00
FTM52
KA230F/00
Relevant contents Connection data, Setting, configuration, remarks,
Installation instructions function tests

Settings and installation instructions

Installation instructions Please refer to the Operating Instructions (KA) for information regarding the correct installation of
Soliphant M with FEM54.
Since the application conditions have an effect on the safety of the measurement, pay attention to the notes in
the Technical Information (TI) and Operating Instructions (KA).

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

Setting description in documentation

Soliphant M FTM50, FTM51
KA229F/00

FTM52
KA230F/00

6 Endress + Hauser
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Settings for Soliphant M
with FEM54

Switch setting for the safety function: @
At0) ¥
MAX ~ @ OFF

MIN — <+ ON
”B One switch for safety mode
MAX  Overfill protection E E E E

MIN  Dry running protection

LOO-FTM5xxxx-19-05-xx-015
At One switch for switching delay

~ 0.5 swhen covered, 1.5 s when uncovered (short fork 1 s)

+—  5swhen covered, 5 s when uncovered

ﬁ] One switch for bulk density/density setting

° > 50 g/1 standard fork, > 200 g/1 short fork (high bulk density)
. > 10 g/1 standard fork, > 50 g/1 short fork (low bulk density)

% One switch for diagnosis

OFF  Diagnosis of abrasion and build-up switched OFF.
ON Diagnosis of abrasion and build-up switched ON.

m For additional density setting to high bulk density:

abrasion and build-up are indicated per LED at the electronic insert only
m For additional density setting to low bulk density:

output of "signal on alarm" for abrasion and build-up

Connectable load:

m Loads switched via 2 floating change-over contacts (DPDT)
m The following applies when connecting a functional low-voltage circuit with double isolation as per
IEC 1010: Sum of voltages of relay output and power supply max. 300 V

Observe the following for FEM54: The operator must use suitable measures
(e.g. current limiter, fuse) to ensure the relay contact characteristics are not exceeded:

m [~ max. 4 A, U~ max. 253 V; P~ max. 1500 VA, cos ¢ = 1, P~ max. 750 VA, cos ¢ > 0.7
m[-max.4Ato30V,[=max. 0.2At0 125V

Note!
The SIL evaluation for the Soliphant M comprises the complete device, including the electronics insert,
the tuning fork with piezo drive, the process connection and the internal wiring.

In applications with extremely strong external vibrations > 0.05 g2/Hz and light weight bulk solids < 600 gr/1
a functional test is recommended!

It is recommended to leave the switching elements following the overfill protection in the safe state until the
alarm signal has been acknowledged.

Caution!
Changes to the settings at the electronic insert FEM54 after measuring system start-up can impair the safety
function!

Endress + Hauser
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Response in operation and failure

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

Setting description in documentation

Soliphant M FTM50, FTM51
KA229F/00

FTM52
KA230F/00

Failure rates of electrical components

The underlying failure rates of electrical components are specified for the useful lifetime according to
[EC 61508-2 Section 7.4.7.4. Note 3.

Repair

If a SIL-marked device that has been operated in a functional safety application fails, the "Declaration of
Hazardous Material and De-Contamination" form containing the appropriate information "Used as a SIL device
in a Safety Instrumented System" must be enclosed with the defective device when it is returned.

Recurrent function tests of the measuring system

The operativeness of the overfill protection must be checked periodicaly 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:

m 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).

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

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

m 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.

Endress + Hauser
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Appendix

Specific values and
wiring options for the
measuring system
Soliphant M with FEM54

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

1oo1 architecture

Evaluated transmitter (FEM54)

MAX
L00-FEMS0cc14:06-06 53001

SIL SIL2
HFT 0
SFF 92 %
PFD,y, 0.024 x 102
(low demand mode of operation)
g 58 FIT
Ao 553 HIT
Mg 39 FIT
Ay 54 FIT
MTBF 144 years
Wiring scheme

=i} CH1 /1

CH1 1A

LOO-FTM5xxxx-04-06-xx-xx-003 TWin C Ol'ltaCtS D P D T

Recurrent test
e.g. approaching level

T, (test interval) as required; see table below

0,300x10°

1001 structure

0,250x10™

0,200x10™

Probability

0,150x10™

0,100x10

0,050x10™

0,000x10° :

— PFDavg

Test interval
[years]

LOO-FTM5xxxx-05-06-xx-en-003
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FMEDA Report

€40 z abed Jauuaiquayosy ueyda}g
$00Z ‘Lz dunr 90p°Q° L4 LA LE0! 22-€0-€0 U+2 HQW9 wiod vpixa @

*(snoJabuep Jo ajes) abesanod onsoubelp ay} sueaw O .
duy snounds e 8snea jou op jey) sainjie} sapnjoul A1oBejed NS 8y} eyl B1oN ,

'2-80619 03140 €'L'E YL 998S
siiejop Joy (0160 sjqewwesBoid 1o s18]j0u0d oxlw Buisn) Jusuodwod xajdwo),  :jusuodwiod g adAL |

‘pa||lIny 81e ( 40 (14H) @oueIs|0] }neq aiempieH
e ypm swajshsgns g adA| 4o} 2-80G1L9 D3| JO € 9|qe) JO SjusWaIINbal SjuUIBLSUOD [eInjOB}IYdIE
By} OS|e ‘SUOISIOA PaIapISUOD || 1o} %06 9A0Je SI (44S) uonoeld ainjie4 ajes ay) asnedsag

'£0-306'¢ 0} [enba Jo ueyy
Ja)1eq aq 0} "'l ‘9Buel SIY) JO %GE UBY) SJ0W WIE[O JOU O} Juswalinbal 8y} |||} Op pue 9661
—1L0'P8-VSI/ISNV JO L°E 3|qe} pue |-g0GL9 O3 JO Z aiqe} 0} Buipiodoe z | 1o} abues pamojje
By} UIYIM BJe SsanjeA ©A\YQ4d pajejnojed oy} jey) uesw ( [ ) usalb ul payiew saxoq 8y

€0-39¢°Z = °"Vadd €0-381°} = °\Vadd $0-39€°Z = °Vadd

sieah 0| = [Jooud]L sieak g = [Jjooud]L Jeak | = [Jooud]L

senjeA 2\Vq4d — Arewwng :Z ajqey

%Ly %6 %6 NRER ] 114 6€ 114 €8S 114 85

.9%a 500 448 ey, Py 20 Y

80519 031 0} Buipiodde sajes ainjied | 9|qeL

'Z'G UONO3S Ul PaqLIOSap SUOKE[Ndjed
oy} Joj pasn alom sisAjeue aAneyuenb ay) jo synsal ayl ([LY] @9s) Juswale Josuas ay) jo
sjusuodwod jualayip ayj Joy (uonedwod ejep paseg-padusuadxe sppixa pue [ZN] ‘[9N] ‘[SNI])
saseqejep 9jeJ ain|ie} Juaiaylp Buisn Juswale JOSUSS U} JO Sajel ain|ie) Sy} 8}e|Ndjed 0} bpIXad
Aq pasn sem sisAjeue siyl $GINTH Indino Aejal yum |\ Jueydijos youms jwi| |9As] 8y} jo sued
|ediueyosw ay) Jo sisAjeue aaneyenb e pawiopad w0l ppixa Ym 1ay)aboy JesneH+ssaipug

"swiasAs (-qns) Z IS 40} 2-80519 D3| 4O € 9|qe) 0}

Buipiodoe %06 < o9 |leys 44S dy} 0 JO douelI9|0} Jnky diempley e yim sjusuodwod g adA) 1o
*0 JO 90UEBIB(0} }|NE} BieMpley B Yim Jusuodwod

,8 8dA1 e eq 0} peiepisuod s ySGNTL INdino Aejel yum | JuBYdIIOS YOUMS Wil [9AS] BYL
*€0-30G°S @9 uay} pinom Jed Josuas ay} 40} anjeA 2AVq4dq

9|qemojje wnwixew ay) 8ousy ‘Z0-300'L UBY) J9|lews aq PInoys H|S 8y} Jo anjea ©\Va4d [ejo}
ay) uoneolidde g IS e 104 ‘ped Josuss ay} A pasned si anjea 2\VQ4d IS (10} BU} JO %GE Jeu}
sawnsse Jed jusws|s [euly pue ‘Ued JaAjos 0160] ‘Led Josuas auy) JOAO H|S B JO SanjeA OA\Vg4d
Jo uonnquisip pajdedde Ajjesausb v suonouny Alejes z IS 40} ,.0L > 0} (0L 8q 0} Sey apow
puewap mo| ul Bupelado swaisAs 1o} q4d obesene ayy L-g0GL9 DJ| JO Z d|ge} 0} Buipiodoy

‘00562 NS

pJepue)s SUsWAIS dY) WoJy Sajel ainjiey oiseq ay} aJe sisAjeue sIy) Ul pasn sajes ainjie) ayL
‘paJapISuod 8q 1SNW §OG L9 D3| Jo sjuswalinbal

Jle sesodind juswssasse |nj JO4 "9OIABP By} Joj pajeindjed si (44S) Uonoel4 ainjled djeS
ay) Apusnbasuoo pue paujwuslep ale sajes ainjie) ‘YaJW4 ey wold ‘gogL9 DJ| Jod soinep
e Jo Juswssasse Ajojes [euonouny aAalyoe o} uaxe} sdajs ay) Jo auo sl ya3an4 v (Va3n4)
sisAleuy sopsouBelq pue sjoay3 ‘Sepoj\ ainjleq B JO S)SISUOD JUSLUSSISSE dIempiey 8y

"00°00°LOA UOISIaA 81eMyos pue SN Indino Aejel ynm  Jueydijos youms
JWI| [9A8] BY} UO JNO PaLIED JUDUSSOSSE SIEMPIRY BU} JO SHNSaI 8y} sozuewwns podal siy|

frewwns juawabeuely

uojRWOINe AjgepUSdap U} SOUBIROXS

@Eou.sEme

LOO-FEM54xxx-01-06-xx-en-002

‘pansasal Hodai [E91UYDS) SIY) JO Jeuno) By} uo S)ubl IV ©
JuaWwnoop 8y} Jo uonesidde ay) Yim uoosuuod Ul sabewep [eluanbasuod 1o [ejuapioul 10} Juans Aue

ul 9|gel| 84 Jou [[eys pue pu Aue Jo Ajueliem ou oxew sIoyine syl ‘Hoys isaq Buisn pasedaid sem Juswnoop ayL

Jauuaiquayosy ueydars
G00OZ 3uUnr ‘0° 1LY UOISIASY ‘| A UOISISA
L£0Y 22-€0/€0 H+3 :'ON Hoday
22-£0/€0 H+3 "ON 10e4u0)

Auewlag
Banginepy

O "0D+HJWS) J8esSNeH+Ssaipug

Jswoisny

(uonoejep XVIN) SPI|OS ul UORO}EP Wl [9AS] Yim suonedlddy
¥GINT 4 Indino Aejal yum N Jueydijos youms | [oAa]
;108loig

sisAjeuy oisoubeiq pue s}oay3 ‘sopoly ainjieq

VOIW4

_bpiXa

LO0-FEM54xxx-01-06-xx-en-001

Endress + Hauser

10



Soliphant M + FEM54

€ Jo ¢ ebed Jauuaiquayosy ueydalg
S00Z ‘Lg dunp 00p'0’LJ LA LED! 22-€0-€0 Y+d HQWD wio2'vpixa @

‘(¢ xipuaddy 9as) sieak g| pue g usamjaq aq 0} pPajewnsa si Yolym ‘pGNg4
ndino Aejal ypm | Jueydijos YoIms Jiwl| [9AS] Y} JO 41| [NJOSN U} 10} PIjeA aJe sajed ain|ie) ay |

‘suofe|nojed
duy snounds ul paspnjoul 8q jou pjnoys pue ‘Ajgjes Jo Ajiqelas wa)sAs JO8ye JOoU [|IM UMO
S)| Uo saunjiey 8say} yey) S0N ‘80519 D3| 0} Buipioooe Aiobayed aunjiey pajoslepun ajes, auj ul
papnjoul aJe saln|ie} LUOIelouUNUUR, SU} PUB Sain|ie) JOaYs ou, ay) jey) azijeal o} juenodw i}

‘suondwnsse |[e ypm Buoje Z'G uoioas | pajussald s| sejel ain|ie) Jo a|qe}
1IN} v "(71S) 19A8] Aubaur Ayases Jenoided e ul abesn (S|S) waisAs payuawnisul Ayajes Joy ped
ul Ajjigeyns aulwuslep 0} (41S) uonouny pajuswnuisul Ajajes e Jo [apow onsljigeqold e ul sajel
aln|iey 8say) az|n ued $GINIH Indino Aejal ypm |\ JueydijoS Youms Jiwl| [9AS] U} Jo Jasn

‘pawnsse aq }snw uofenjon|) ainjesadwa) Jusnbauy Ji
pasn aq pjnoys Jaldinw Jejiwis \ "G'Z JO J0joe} paseq sousladxe ue ypum paldiynw aq pjnoys
sajel ainjiey 3y} ‘D09 jo ainjesadws} abeiane Jaybiy e 104 "D,0¢ JO dwi Jo pouad Buo| e Jano
ainjesadwa) abelane ue yIm (Uoneoo| pals)ays) O SSeP L-$S909 D3| O} Jejiuls JUSWUOIIAUS
play |ewisnpul ue jo [eoidA} suonipuod ssalis Bunesado 1oy pijea ale sajels ainjie) paysl| ayl

*s}a|ul 8y} ybnouy) buipasy ajqes ayenbapeul Jo sBuisnoy pasolo Ajgjejdwoosul
ybnosyy Buusjua Aypiwuny Jenomed ul ‘pGNJ4 Indino Aes N ueydiog youms
JWI| [9A3] BY) JO SSN }981100Ul WOJ) BulyNsas SauNjie} SpNjoul JoU Op SA0QE Pa)si| Sa)es ain|ie) sy

uonewoine sjqepusdep Ui 89Us|(EOXe

JO0I2°DPIX2

LOO-FEM54xxx-01-06-xx-en-003

11

Endress + Hauser



Soliphant M + FEM54

International Head Quarter

Endress+Hauser
GmbH+Co. KG
Instruments International
Colmarer Str. 6

79576 Weil am Rhein
Deutschland

Tel. +49 76 21 9 75 02
Fax +497621 975345
www.endress.com
info@ii.endress.com

Endress+Hauser

People for Process Automation

SD205F/00/en/01.06
AT TR
FM+SGML 6.0 ProMoDo 1

71020795



	Application
	Your benefits
	Table of contents
	SIL declaration of conformity
	Functional Assessment Report
	Introduction
	Structure of the measuring system with Soliphant M with FEM54
	Level limit measuring system
	Safety function
	Permitted versions of the Soliphant M with FEM54 for the safety function
	Safety function data

	Supplementary device documentation

	Settings and installation instructions
	Installation instructions
	Settings for Soliphant M with FEM54

	Response in operation and failure
	Failure rates of electrical components
	Repair
	Recurrent function tests of the measuring system
	Appendix
	Specific values and wiring options for the measuring system Soliphant M with FEM54

	FMEDA Report

