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Simulco Oy on seanut Onnettomuustutkintakeskukselta tehtavaksi tutkia ja
salvittdd M'S Finnfellown todenndkdisen likeradan kahden minuutin ajalta ennan
pohjakosketusta 02,04, 2000,

Selvitystytssd  kayletin = Simulco  Oyn  kehittamad  laivan  ohjailun
simulaintiohjelmistoa johon on maliitettu M'S Finnfellown tyyppisen aluksen hydro-
ja aerodynaamiset ominaisuudat.

Laskelmien pohjana on kéytetly laivalla kdytbssd olevan "ANS Blackbox™
tallennusohjedman rekisterimid tietoja. Tallennefluina tietoina ovat aluksen
positio, keulan suunta sekd nopeus ja suunta pohjan suhteen. Selvitystyon
[dhtéarvoing on ofethu huomioon seuraavia aluksen varustamaolia saatuja tietaja:

- "AMS Blackbox'- tallennusohjelma on tapahtumahetkelld ollut kytkettynd
kerddmadn tietoja Atlas Elektronikin  NACOS-navigointilaittelston  “Ships
Imterface"-liitynnésid,

- Aluksen positio on mitattu DGPS-vastaanottimella, jonka antenni sijaitsee 5
metrid keskilalvasia perdan pdin ja puoli melid kdlilinjasta vasemmalls,
Mavigointilaitteistossa vastaanottimen lahettama tieto on laskettu vastaamaan
nk. referenssipisteen paikkaa ennen bedon siirtdmista "Ships interface®-
lityntdan. Laskennassa navigointilaitteisto kayttad hyvikseen hyrrdkompassin
antamaa suuniatietoa. Referenssipiste sijaitsee laivan kililinjalla 41.5 metrd
laivan keskipisteestd keulaan péin, Muita muunnoksia DGPS-vastaanottimen
laskemaan paikkatielcon ei oleteta tapahtuvan. Téten "AMS Blackbox'-
ohjelman vastaanottama ja tallentama paikkatieto vastaa referenssipisteen
asemaa maapallolla paitsi sind tlanteessa, jossa hymakompassin antama
suuntatieto on ollut virheellinen.

Hymrékompassin mittaama keulan suunta on tallentunut sellaisenaan.

- Suunta pohjan suhteen on  navigointilaitteistossa laskettu DGPS-
vastaanottimen suuntatiedon sekd hyrrékompassin keulan suunnan avulla.
Kuten edelld, suunta peohjan subteen vastaa referenssipisteen suuniaa
maapallolla paitsi sind tilanieessa, jossa hyrrdkompassin antama suuntatieto
on allut virheellinen.
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- MNopeus pohjan suhteen on navigointilaitteistossa |asketiu suorsan lokin
anturin  mittaamista pitkitéis- ja  poikitaisnopeuskomponenteista.  Mitattua
arvos e ole  muutetu, keska anturi sijzitsee navigointilaitteston
referenssipisteen kohdalla.

*ANS Blackbox™-ohjelman taBettamien fetojen avulla on lasketiu  aluksen
keskipisteen likerata (sivu 4) ja sen avulla edellean keskipisteen suunta seka
nopeus pohjan suhtean (sivut 5 ja G).

Simulcinten avulla on arvicitu keulan suuntaa kompassivian akana, Laskelmissa
on kdytetty seuraavia |dhtoarvoja: veden syvyydeksi on asatattu tasainen 50
metlrid ja tuulen suunnaksi 350 astetia ja nopaudeksl & mis (limatieteeniaitaksen
mittaama tuulen nopeus Kumlingen sd8asemalla 02.04.2000 ko 00:00).
Paakoneasefukset on simulointierr aikana pidetty muutiumatiomina, Saarten
saindmavaikutuksia @ ol oletiu  huomioon niden tEssd  tapauksessa
apdoleellisen merkityksen vuoksi.

Usean simuloinnin pohjalta anvioitu aluksen todennékGinen keulan suunta
kompassivian ajalta on esitetty sivulla 5.

Korjattu likerata on esitetty sivulla 7 yhdessd “ANS Blackbox"-ohjelman
tallettaman likeradan kanssa. T4man ksaksi lasketuista tiedoista on luotu SimBox-
nauhoitustietokanta. Sen avulla onnettomuustilantesn  uudellesnarviginti
simulaattorissa on mahdedlinen.

Espoossa 26 04 2000

'/Z_bffﬁ Al et
SIMULCO OY
Jaakko Lehtosalo
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Cods of Type of Enror Poasible Causs Measure
Errar
E1 ﬁn&mﬂmwﬂaah 1.1 Sansor elecioncs defostive 1.1.1 E-::fwfuamwamm“
cosmpass Taulty isee Sedion 2.3.5.1)
Ez Gyro supply Fauly 21 Senaor elecironics defecive 2.1.1 Exchange sersor alecionics
{860 Section 2.3.8.1)
El Encoder faulty 31 Cabing oul of order 31.1 Gheck cabling
iaae Sadion 2,3.4)
1.2 Sensor elecironcs dedacive 3121 Exchange sersor elecionics
(see Secfion 2.3.5.1)
3.3 Encoder dafective 331 Cab Raylheon Arschitz Sardce
E4 Gyro cument faulty 4.1 Cabling ool of oedar 4.1.1 Check cabling
{paE Saction 2.3.4)
42 Sensor elecliorics defading 421 sereor glecinocics
(pe8 Sedion 2,3.5.1)
4.3 Gyrasphere defactie 431 Enchange gyrosphers
(b8 Secion 2.3.5.2)
ES Faliew—up Taully 51 Cabling ount of ceder 1.1 Chack cabling
(see Sadion 2.3.4)
52 Toolhed boll jumpad off 521 Pul g the loofhod bell somn
53  Sensorelectronics defadive 5.3.1 Exchange sensor elecironics
(zee Section 2.3.4.1)
54  Shap motar dalacthse 85.4.1 Call Rayihean Anachiilz Bardice
55 Gaarng oul of adjstment 551 Call Raytheon Anschiilz Service
Ed Tamgaralung sensor .1 Cabling ouf af crder §.1.1 Checkca
breakdavwn (s60 Section 2.3.4)
E2 Temperatura sensor defecfve 6,21 Exchange lemperaiung seagar
{eon Baclion 2.3.5.3)
E3  Sonsor electronics defective §.2.1 Exchange sensoralstinonics
[E0e Seciion 2.3,5.1)
ET" Higdght of gyrosphere | 7.1 Sensor electronics defectie 7.1.1 Exchange senacy alesionics
aut af harance (f0e Section 2.3.5.1)
7.2 Cymosphers delécne 7.21 Exchange gyrasphan
(g0e Section 2.3.8.2)
1.3  Pump dedacies 721 Cal Raytheon Ansghiilz Sarvice
ESf Breakcoen mbealing |61 Cahing oul of ceder B.1.1 Check cabling
(soe Sadion 2,34
£2 Haaling carridge dedsclive B21 Exchange healing cariridge
ipam Saction 2.3.5.4)
83 Tempsmbire fuse defecive B34 Emchange wmperaiung luse
{pae Section 2.3.5.4)
H4d Sensor pleciionics defecive 541 Exchange sansdi elgcinnics
{see Sectian 2.3.5.1)
EB'l Creertemperahurs 9.1 Cabling out of andar 811 Chack cabling
= 0 |see Seclian 2.3.4)
4.7 Amhkent lemperature b high 821 Swilch o air canditkaning
= 5532C)
9.3 Sansor elecronics dedeclivg 4,21 Ewxchange serdacs elecironics
[gen Section 2.3.6.1)
B4 Tamparalues sensar defeciive 841 Ewchange lerperaiure sersar

[#ea Sachion 2.3.68.3)

*} Mo longer valid Trem software warsion POZ E02.02




Liite 5 Tulkinta Standard 20 kompassille tehdysta FMEA-analyysista

FMEA® on analyysi, jonka avulla pyritadn selvittimaan laitteistojen toiminta vikatilanteessa.
Sita voidaan kayttda myos ohjelmistojen testaamiseen ja inhimillisten virheiden etsimiseen.
FMEA analyysi ei ole pakollinen.

Raytheon-yhtié oli tehnyt Standard 20 hyrrakompassille FMEA (Failure Mode and Effect
Analysis) vika-analyysin vuonna 19982. Tama liite esittelee analyysin lyhenneltyna. Kursivoidut
tekstit ovat tutkinnan huomioita ko. kohdasta.

Hyrrakompassin osalta FMEA analyysin ensimmadinen ryhma kasitti viisi saraketta.
Sarakkeista 1 - 5 on esimerkki alla:

No. Item / Identification Function Failure M ode and Cour ses Type
1-1 Gyro Compass Equipment Gyro Compass Compass internal operating I
STANDARD 20 voltages faulty

| = Internal problem of subsystem or sensor, E = Electrical.

Kompassin osalta sarakkeet 3 ja 4 pysyvat muuttumattomina. Failure mode sarakkeessa on
esitetty viat eri riveilla. Type sarakkeessa vian tyyppi on ilmaistu yhdella Kkirjaimella.
Kahdeksassa kompassia koskevassa tapauksessa vian tyyppi oli 'Internal problem' (1) ja
kahdessa sahkovika 'Electrical’ ( E ).

Toinen ryhmé& maadritteli kolmella sarakkeella ylla olleen vikatilanteen vaikutukset, josta on
esimerkki alla. Kun kompassi ei anna suuntatietoa, FMEA kasittelee tilannetta sarakkeissa 6 -
8 seuraavasti:

Failure effects

L ocal effects Next Higher Effects End Effects
Respective gyro compass Invalid heading is distributed by
supplies no heading values. course bus.

Heading information on
course businvalid.

» Local effects sarakkeissa on sama teksti yhdekséassa vikatilanteessa, joissa kompassi ei
anna suuntatietoa. Yhdessa tilanteessa todettaan, ettéa suuntatieto on vaara.

» Next higher Effects sarakkeissa on sama teksti, ettd virheellinen suuntatieto ei vality
oheislaitteille.

 End Effects sarake on jatetty tayttamatta. Vian seuraus koko navigointijérjestelmélle tai
aluksen turvallisuudelle j4& késittelemétta..

Kolmannessa ryhmassa sarakkeissa 9 -12 kasiteltiin halytykset ja korjaustoimenpiteet.

' FMEA, IEC 1985.
> FMEA, Raytheon Marine GmbH,1998.



Failure Detection Compensating Repair M ethod Remaks
M ethod Provisions

STD 20 operation unit | Switch to second gyro R: 10 vikatilannetta
display: compass or switch to S: 9 vikatilannetta
OPERATING.VOLT T™MC C: 2 vikatilannetta
GYRO SUPPLY
ENCODER
GYRO CURRENT
FOLLOW-UP
TEMP.SENSOR
HEIGHT GYROSP
HEATING
OVERTEMP.>70°
GYRO ERROR'

TMC = Transmitting Magnetic Compass,
R = restart system, S = repair by spare, C = repair connection.

» Failure detection method sarakkeessa selvitetddn Control Unitiin ilmestyva halytysteksti.
Virheellinen suuntatieto aiheuttaa yhteensad kymmenen erilaista halytysta, joista HEATING
halytys on yksi. Halytysteksti ei ilmaise toimenpideohjetta. Ne kuvaavat huoltotilanteita.

» Compensating Provisions sarakkeessa oli sama teksti joka rivilla. Kéayttédjélle ei vélity
tietoa, ettd jdrjestelmé on vaihdettava toiselle kompassille.

» Repair Method sarake suositteli kaikissa tapauksissa jarjestelman uutta kaynnistysta ja
varaosan vaihtoa seka yhdessa tapauksessa suositeltiin liséksi yhteyden tarkistamista. Ne
olivat huoltoa koskevia ohjeita. Ongelmaa ei ole ajateltu kompassin tarkoituksen eli
navigointitilanteen kannalta.

* Remarks sarake oli jaanyt tayttamatta joka rivilla. Tdssé olisi voinut tehdéd johtopéétdksen,
ettd kdyttdjélla ei ole mahdollisuutta toimia oikein sekavien ja kryptisten hélytystekstien
perusteella, mutta FMEA rajoittui hyrrén toimintaan eikd sen seurauksiin.

Kompassijarjestelman keskusyksikén (Control Unit) osalta on FMEA:ssa esitetty nelja
vikatilannetta, joissa virheellinen suuntatieto lahetetdén oheislaitteille. Ohjauspaneelille tulee
jokin halytyksista: 'NO CONNECTION', 'NO TELEGRAMS', ja 'CU EXT.PCB.ERR'. Kompassi
on kytkettava hatakaytolle® naissa tapauksissa. Halytys 'DISTRIBUT.ERR' edellyttaa suunnan
lukemista magneettikompassista.

Yhteenveto. FMEA-analyysista ei selvid tuleeko hélytyksistd ddnimerkki. Analyysistéd saa sen
kédsityksen, ettd hélytykset ovat pelkdstdan informaatiota ja kayttdjd saa itse tulkita niiden
merkityksen. Neljétoista kompassijérjestelmén vakavaa hélytystéa jda ilman toimenpideohjetta
Ja danimerkkihé&lytysta.

FMEA on otsikon mukaisesti analyysi, mutta analyysiin perustuvat johtopdétékset puuttuvat.
Haluttaessa FMEA analyysistd voi tehd& johtopdétbksen, ettd jokaisessa neljdssétoista
vikatilanteessa pitdisi antaa hélytysteksti 'SWITCH GYRO' sekd audiohélytys. Nykyiset
hélytystekstit eivét toimi Kdyttdjélle paétbksenteon tukena. Analyysi ei suojaa navigoinnin
kokonaistulosta ja alusta onnettomuuksilta.

% Tutkinta ei Ioytanyt ohjekirjasta hatakayton ohjeita.



Liite 6 Automaattiohjaus ja integroitu navigointi

Suurten ro-ro matkustajalauttojen samoin kuin ro-ro lastilauttojen kehitys on johtanut myds
luotsauksessa kaytettavien integroitujen navigointijarjestelmien ja autopilottien kehittamiseen.
Nykyisten kokoisten alusten tarkan navigoinnin ja ohjauksen edellytys ahtailla saaristovaylilla
on integroidun navigointijarjestelman kaytt6. Samalla ohjailukdytdntd on muuttunut
luotsauksessa. Automaattiohjaus on syrjayttanyt ruorimiehen. Ylimenokauteen on mennyt
kaksikymmenta vuotta.

Automaattiohjausta koskevat tekniset suositukset on esitetty vuosina 1975 ja 1996°, mutta
niissa ei oteta kantaa autopilotin kayttoon vaylalla tai luotsauksessa. Koska laitteiden kayttajat
eivat ole saaneet sadadoksista paatoksenteon tukea, ovat mielipiteet autopilotin kaytosta
vaylalla ajossa jakaantneet puolesta ja vastaan. Integroitu navigointi on muuttanut kaytantéa
luotsauksessa siten, etta autopilotin kayttd luotsauksessa katsotaan yleisesti sallituksi.

Uuden kaytanndén muodostumista on hidastanut juridinen ja vanhaan tekniikkaan perustuva
nakemys elektronisista navigointilaitteista navigoinnin apuvalinend (aid of navigation).
Maaritelma sisaltaa ajatuksen, ettei lainsdataja ota vastuuta niista.

Integroidun navigoinnin tarkoitus on luoda tekninen jarjestelma, joka ei ole apuvéline, vaan
laitteisto johon voidaan luottaa. Taméa edellyttad, etté integroidun navigointilaitteen valmistaja
selvittaa vaatimukset laitteiston kaytosta®.

Merenkulussa paikanmaéaritys ja ohjailu ovat olleet eri tydsuorituksia. Ne eroteltiin aikaisemmin
toisistaan teknisesti ja hierarkkisesti. Tyo jakaantui myds sosiaalisesti. Integroitu navigointilaite
on muuttanut navigoinnin sen alkuperdiseen tavoitteeseen yhdistamalla ohjailun ja
paikanmaarityksen samalle néayttblaiteelle. Siind on yhdistetty pakanmadaritys, ohjailu ja
monitorointi. Integroitu navigointi ei ole mahdollinen ilman reitin suunnittelua, joten se edistaa
myds reittisuunnittelun vaatimusten toteutumista. Integroidun navigoinnin suurin hydty on
luotsauksessa.

Integroidun navigointilaitteiston keskeisin osa sen autopilotti, jossa tietojen yhdistaminen
muuttuu reittisuunnitelman toteutukseksi. Siihen siséltyy yleensd useita ohjailumoodeja.
Kasiohjaus on niista yksi, mutta sen kayttd edellyttaa, etta luotsi, peramies tai paallikkd ohjaa,
silla ohjailukaskyjen vaikutus suhteessa paikanmaaritykseen on paateltdva tutkan
kuvaputkelta. Ruorimiesta ei voi kayttda ohjailuun, silla se hajottaisi paikanmaarityksen ja
ohjailun yhtendisen suorituksen. Navigaattori tekee paattkset, antaa ohjailukéskyt
automaattiohjaukselle tai ohjaa itse. Siirtyminen automaattiohjauksesta kasiohjaukseen on
oltava vaivatonta. FINNFELLOWIin paallystdé toimi integroidun navigoinnin periaatteiden
mukaan.

* Recommendation on Performance Standards for Automatic pilots. A.342 (1X) 1975 ja
Recommendation on Performance Standards for Heading Control systems. MSC.64 (67)

1996.

® Esimerkiksi STN ATLAS ELEKTRONIK-yhtién ohjekirjoissa laitevalmistajan vaatimukset on esitetty etulehdella 'General
Safety Precautions when using NACOS', joka antaa kayttajalle selkeéat kayttomaaraykset.
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Merenkulkulaitos
Keskushallinto
Merenkulkuosasto

Onnettomuustutkintakeskus
Johtava tutkija Martti Heikkila
Yrjonkatu 36

00100 HELSINKI

Lausuntopyynti onnettomuustutkinnan swosituksista

ms FINNFELLOW

31.8.2001 ad 8/331/2000

Liite 7

Merenkulkuosasto puoltaa suosituksia, joiden mukaan uusia navigointilaitteita
vanhoihin aluksiin asennettaessa tulée mahdollisuuksien mukaan varmistaa,
ettei sahkOomagneettisia hairioitd syntyisi.

Aluksen ja varustamon on turvallisuusjohtamisjirjestelmédnsi mukaisesti
varmistettava, ettd kaikki kiyttdohjeet ja laitteiden toimintakuvaukset
paivitetddn laite- ja asennusmuutosten yhteydessi .

Merenkulkuosaston mielesta sahkomagneettisen suojauksen puutetta
onnettomuuden varsinaisena syyni ei ole selvisti osoitettu. Kaikki hairiota
aikaan saaneet testit tehttin hyrrikompassin emopiirilevyn ollessa koteloi-
mattomana hyrriyksikon ulkopuolelia.

Onnettomuuden varsinainen syy lienee kompassin ohjelma-/rakennevirhe,
joka aiheuttaa seurantajirjestelméin poiskytkennin heating-tilassa. Heating-tila
on kompassin normaali toimintatila. Seurantajarjestelmén poiskytkeytymisests
tulisi aina seurata #ini- ja valohdlytys. Myos suuntaerohilyttimen kytkentd/
ohjelma toimi virheellisesti seurantajarjestelmén kytkeydyttya paalta.

Suomen ehdotus IMO:ssa integroitujen komentosiltajirjestelmien kaytto- ja
suunnittelustandardiksi on vasta aivan kisittelyn alkuvaiheessa. SOLAS-
yleissopimuksen V-luvun uusitut navigointilaitevaatimukset tulevat voimaan
1.7.2002. Sen vuoksi lihivuosina ei ole kdytinndssa mahdollista saada aikaan
uusia pakollisia navigointilaitevaatimuksia. Sen sijaan voidaan suosittaa, ettd
vaikeilla saaristoviylilld saannollisesti litkennoivat alukset kayttavit parasta
mahdollista tekniikkaa.

o \
z K3 ‘ ‘ ’ 7 5 i ‘ \D
kka Hikamies

Meriturvallisuusjohtaja

Merenkulunylitarkastaja Ja defsin

Postiosoite Puhelin Faksi Sampo
PL 171 0204 481 0204 48 4355 800015-38014
00181 Helsinki
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Raytheon Marine GmbH
High Seas Products

Pastfach 11 66

0 - 24100 Kiel

Germany

Tel +49-4 31-30 19-0

Fax +49-4 31-30 19-291

Email ReceptionDE@raykial.com
WWIW.13yMarine.com

ACCIDENT INVESTIGATION BOARD

Attn.: Mr. Martti Hei
Yronkatu 36

00100 HELSINKI
FINLAND

MS FINNFELLOW
FINAL DRAFT OF

Dear Sirs,
we have studied the re

seems to be quite comr

ask you to consider to

il

|[GROUNDING IN ALAND ON APRIL. 2, 2000

INVESTIGATION BOARD REPORT

port of the investigation board with great interest. As the background of the accident
licated, we would like to comment the preliminary report as below. We would kindly
implement our conclusions and statements as far as you can agree.

We would like to begi

a) HEADING

with our two leading conclusions, how the accident could have been avoided:

NITORING

There was nofheading monitoring alarm installed on the vessel. This fonction, which compares the
heading input fo the autopilot with an independent heading source, is a basic requirement from IMO.
The FINNFERLOW has not been equipped according to the IMO resolution. By this offense to the

regulations, the single fault in the gyro system could not be detected, which led to the heading
deviation and ly to the accident.
b) INSTALLATJON VS. INSTALLATION DRAWINGS
The installatign on board of FINFELLOW showed a major discrepancy in relation to the installation
drawings, which have been prepared by the company POLARTEC.
The gyrosystem has not been connected by course bus, as shown in the wiring diagrams, but by step
signal only.
This change has not been recorded anywhere.
With an instalation like on the installation drawing, the single fault in the gyro system would have
been detected and the accident would not have happened at all.
These two issues are rpot causes for the accident and should be considered as these.
In the following pages} Raytheon Marine GmbH provides more detailed comments to the draft of the
investigation report fo} your consideration.
Geschafsfizhren Baaken:
Gerhard Erb Digk-Ing., Dipl.-Witfsch.-lng. Commerzbank AG, Kiel BLZ 210400 10 Kto. 740 114 400
Ulrich Schuster Dipl.-inform. {stv.) Vereins- und Westbank, Fil. Kiel L2 200 300 00 £to. 23 00 176
Jahn F. Aylmer, Jr. Deutsche Bank AG, Kiel BLZ 210 700 20 Kto.03 11.258
Registergericht: Amtsgericht Kie]Nr. HRB 4086 Landesbank SH, Girozentrale BLZ 210 500 00 Kro. 53 002 600
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1 General Com

(We have refe

11 Para212,p
Regulations on the s

IMO Resolution MS(
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rrnts on specific parts of the report

nced the comment by the paragraph no. and page no.)

17
of the autopilot. ..

64(67) (Performance Standards for Heading Control Systems) requires a heading

monitor which mon

We think that it shoul
board.

1.2 Para21.3,p
Type approval for the

Statement:
The 5td.20 has been 1
conducted with the

certificate no, BSH 6

1.3 Para2.1.3,p

the actual heading in use by an independent heading source.
be clearly stated that no such monitoring and alarming facility has been available on

21
Anschiitz 8td 20 ...

c-certified in the meantime due to hardware modifications, This certification was
ent software version P00 E2,03, The Type approval has been granted, Type approval
97/0032/00.

22

The type approval doguments stipulates that all changes made to the equipment or is documentation must be

approved by BSH,
Clarification: As per
both hardware and so:
14 Para 2.1.3, p;

The manufacturer of
relaying heading infor

Comment:

ecment with the notifying body, this rule does not apply for minor modifications on
are.

23 first para.

compass system has not issued instructions about which form should be used for
mation to the autopilot.

Raytheon Marine Gm
Raytheon Marine Gm

pH has not been asked 1o do project engineering for the subject vesscl. In such a case,
H would have prepared detailed connection diagrams, defining which user should be

connected to which otput of the gyro system.

IMO Resolution MS
digital serial commund

1.5 Para2.1.3, p

64(67) (Performance Standards for Heading Control Systems) requires the usage of
cation according to IEC 1162,

23 last para.

The compass system manufacturer did not classify the Heating status of the gyro unit as a fault condition.

Statement:
The accident has been

caused according to this report by excessive EMV disturbances.

These disturbances
temperature signal.

hTe caused the gyrocompass to fall back into the heating mode due to corrupting the
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The heating mode is &
dissipating heat from
even on a fantt of the
That means the heatin
The Std 20 has been
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part of the startup phase of the $td.20. This mode cannot be reached in practice as the

he components prevent that the operating temperature could drop below the threshold,
heating function in conjunction with the minimum ambient operating temperature.

¢ mode cannot be reached again afterwards under all regular conditions,

esigned and manufactured according to the EMV requirements of IMO and all relevant

standards, particularly the EN 60045,

Requirement to fulfill

ese conditions is that the installation on board the vessel is carried out in accordance

with our installation rgquirements, which require ¢.g. the usage of shiclded cables,

It must be pointed out
mcluding all protectiv
It bas been proven

that this condition was abnormal and corrupted the functionality of the gyrocompass

e functions,

the Std.20 when installed correctly with respect to all EMV precaution required, such 2

faiture mode counld nog be reproduced, even under severest conditions, i.e. high energy radiation sources in

direct exposure to the

ryrocompass equipment.

Uniil this accident welhaven’t been aware on this failure mode.

1.6 Para21.3,p

24 first para.

The operation of the #ep signal depends on the software version of the gyro unit.

Statement:

The step signal is ge
unit . So the software
signals,

1.7 Para21.3,p

Step signal fault
On the Step Signal
usually treated as inv
guarantee that all de

1.8 Para2.1.3,p

[program updates

Software Versions ...
Statement:

The changes in the
Marine GmbH has

19 Para21.3,p

rated in the distribution unit (Compact distributor) which is integral part of the control
ersion of the compact distributor is responsible for the functionality of the STEP

24 first para.

is mentioned

re a definution of a fault status is not existent. The occurrence of an un allowed status is
id, but as there is no common specification, there is no requirement and therefore

react accordingly.

24 second para.

bs:E:viour of the software has been described in the Service Bulleting that Raytheon

out to the service stations, including the Finnish Service Station.

24 last para.

Statement given is nof true as explained above. The software on the compact distributors on both vessels must

be different.

1.10 Para2.1.3,p
SW PO02E02.04

25

Statement:
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This software was an
GmbH has no intentio

1.1 Para214,p
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enpineering version. ¥t has been never introduced into production, Raytheon Marine
ns to change the density of the supporting liquid.

28, last para.

The actual faulis cauﬁ the above heading errors in gyrocompassl may not have been the fanlts that were

addressed during the
Statement:
Pure speculation !

1.12 Para 2.1.5,p
However, all parts of

visits,

28
the compass and navigation system were wired and connected correctly with regard to

the existing equipment and the requirements of the manufacturer,

Statement:
Assertion 1s not truc. |

[he requirements from Raytheon Marine are not fulfilled at all as unshielded cables have

been used. Raytheon Marine GmbH has not been involved in the project engineering at all.

1.13 Para 2.1.5,p

Statem

31, itemn 4.

The applied DNV mles are not applicable for navigation equipment.

114 Para2.21,p
In summary. ..

Statement;

43 second para.

All heading repeam:fhowed dashes instead of a heading value, Especially the digital repeater mounted above

the coming station di

115 Para231,p

Statement:
The FMEA was perfa
expressed.

Concerning the disco

played these red dashes noticeably.

48, Gyro fault analysis

rmed for the Raytheon Marine Integrated Bridge Systern (IBS) and not for the $td.20 as

nection of the outputs, the question comes up if it is reasonable to let a vessel sail with a

disturbed heading so
The $td.20 as every
So the potential failuri
the connected devices
his own conclusion
So every system in
reliability and integri
Up to the DNV requi

or, In the Raytheon Maring philosophy, it is not.

ical system has a limited availability as well as a limited reliability and integrity.
modes of the $td.20 modes have been illustrated and described as

ve 1o deal with these failure modes. So the manufacturer of these devices has to make
rding to his possibilitics.

tor (in this case Polartec / STN Atlas) has to create such an FMEA to assure maximum
of a navigation system.

FMEA only on one man bridges.



Raytheon

1.16 Para23.2,p

Staternent:
As already said, IMO;
a heading monitor whi
If have been followed hi

20-System cannot be 3
commission.

2.1.1

a)

b)

©)

d

2.1.2
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49, International regulations

Reason

Resolation MSC64(67) (Performance Standards for Heading Control Systems) requires
h monitors the actual heading in use by an independent heading source:.

IMO resolution, the usage of an independent heading monitor with an independent
[C could have prevented the accident.

; ort - Assessment concerning EMC and Type Approval

ary that the radio frequency interference is the reason for the failure of the Standard
epted. This error cause is in no way confirmed by the examinations of the

Statement of fhe Captain of the Finnfellow

EMC-tests in

Tampere (Chap. 4.1 /p. 31)

The EMCHtests performed in Tampere cannot be aceepted as evidence for the insufficient immunity to

radio frequen

The tests wer
test (mother

EMC-tests
During the
detected.

Influences on
gave the i
the standard.

Type Approy

vy interference of the Standard 20.

not performed according to the Standard and the compass was disassembled during the
d outside the gyro),

i':it(ial (Chap, 1.4.2 /p. 10)

conforming to the Standard EN 609435 no influences on the Standard 20 could be

the temperature sensor in the Standard 20 could only be achieved when the commission
ction to increase the test level by 4 to 10 times and to change the test setup contrary to
failure of the Standard 20 as onboard the Finnfellow could not be achieved.

yal for the Anschitz Standard 20 Gyrocompass (Page 21, 22)

The statements which were made on the type approval are correct. Additionally the following notes:

* Electromagnetic Intgrference
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a) We have an agreement with the BSH that minor changes are not reportable, The minor changes of the
software behipd the dot have been registered, ¢.g. P002 E02,01

b) The software

version P002 E02.01 which is in place onboard the Finnfellow has been type approved

by the BSH irf the meantime.

¢) The compass
60945, statns

System Standard 20 has subsequently passed a new EMC-test according to the EN
0.1997 (see enclosure).

- The Standard 20 has passed the EMC-test "Radiated Interference™ within a frequency band of 80 MHz

d) Type Approv; Tests {Chap. 3.3, P. 58)

to 2 GHz with
- This frequency

0 V/m.
pand is not Tequired by the EN 60945,

2.1.3 Shielding against Interference, (Chap. 2.4, P. 51)

The influences detected onboard the MS Finniar were cansed by the improper installation, The additional
shiclding is not nepessary under normal board-conditions.

2.1.4 Evaluation gf the Report concerning EMC

The report makes
of the Standard 2

the impression that the commission has had a preconceived opmion to the failure canse
due to the observed EMC-influences onboard the MS Finniar. The partly unqualified

tests were made t¢ confirm this opinion.

It is perfectly

ible to determinate the limits of the immunity to interference of the Standard 20 by

increasing the radjo interference level. However, it is in no way correct to test the disassembled compass

for mnmumity to i
detected”.

3 Comments on

erference in order to state in the report: "Influences on the compass have been

13. - Conclusions

3.1 Para 3.3, p.§8, second paragraph

Statement:
The IMO Resolution

MSC64(67) (Performance Standards for Heading Control Systems) requires a heading

monitor which monitars the actual heading in use by an independent heading source, Such a monitor would

have detected the
The vessel has not be
A defective system

ing exror and have alarmed the crew.
equipped with such a device, which makes this a root causc of the accident.
not monitor itself by 100%, that is why an independent source is required.

3.2 Para 3.3, p.39, forth paragraph

Installation instructions

Statement:

Raytheon Maring GmbH entertains a project department (commercial sales) consisting of engineers and
design poeple, who atk doing cable and wiring diagrams for individual sales orders. ,
The gyro manufacturgr has not been involved nor in the survey of the sitution on the FINNFELLOW before
the rencwal of the equipment nor after the renewal of the equipment nor in the project engineering phase.
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4 Para 4. - Recommendations

4.1 Para4.1. p.63, item 1.

Statement:
Raytheon Marine GripH already recommends to use shielded cables only,

4.2 Parad2 p.@d,itemd

Statement:

It has to be made surg, that the actual regulations are followed, i.e. that there is an independent source for
heading monitoring,.

Furthermore Raytheop Marine GmbH recommends the implementation of a track monitoring alarm, whenever
a preplanned track / 1pute is used in conjunction with an autopilot or trackpilot.

In addition to this, anjintegrated navigation system should be approved by the classification society,
independent of new i tions versus renewal of gystems, i.e. a survey should to be made after each change
of the system including a FMEA which is individual to the installation.

We hope that our compments are helpful in the making of the investigation report.
If you should have any further question and comment, pls. do not hesitate to contact us again,

As the maker of navigational sensors and systems, we are aiming for an improvement of these systems,
With best regards,
Ulrich Schuster

Asst. Managing Diregtor
Raytheon Marine GmpH

V f

o
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Liite 9 Member of the EuroMarine Group
STN ATLAS Marine Electronics GmbH
Behringstrasse 120
D-22763 Hamburg
Telefon: +49 - (0)40-8825-0
Telefax: +49 - (0)40 - 8825 - 4000
An/To: ACCIDENT INVESTIGATION BOARD , Helsinki Ref.: finn_fellow091101.doc
z.Hd./Attn.: Mr. Martti Heikkila Date: 09.11.01
Fax: Pages: 1 of 2
Von/From: Dr. M. Westphal Copy:
Tel.: +49 - (0)40 - 8825 2835
Fax: +49 - (0)40 - 8825 4105
E-Mail:
Ref.: Request for comments 01.10.01
MS “FINNFELLOW* GROUNDING IN ALAND ON APRIL 2,2000
Dear Sirs,

Thank you very much for the report received and the opportunity provided to us to comment.

The following comments have been evaluated based on the final draft/investigation report B
2/2000 M of the Finnish Accident Investigation Board (your original text in italics). We kindly
propose to consider our remarks in order to finalize the report.

Page 37:

The system could not interpret the significance of the various numeric values for the
officers on watch.

For the actual situation (15 seconds after the jamming of the heading) this sentence could
be misleading because a CMG of 85.5° could have been realistic due to other influences
(Drift Angle to STB, wind from North). Therefore we propose to delete the a.m. sentence
in this connection.

Page 44:

The autopilot slowed down the vessel’s speed ...

We propose to substitute this sentence by: The vessel’s speed slowed down due to

turning.

Page 44:

The recorded position was therefore outside the assumed true contour of the ship.

We propose to add this, because it is an assumption concerning the real position of the
vessel as a result of the simulation.

Page 1 of 2
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Page 46:
The rotation of the radar video anticlockwise was the only indication of the malfunction.

Not only the radar video indicates a malfunction, also the unexpected starboard rudder (a
counter-rudder to port should be expected after a starboard turn) and the ongoing change
of the CMG to starboard at a constant heading indicated a problem.

Furthermore the ship was turning to starboard although a rate of turn = 0 was indicated.

Page 57:
... the heading information to the autopilot was entirely false.

We propose to replace entirely by “increasingly”.

Additional comments:

» The screen shots of the displays taken during the simulation were done with not activated
Trackpilot — this should be mentioned in the report. Therefore no deviation bars for course
and track are visible, which could have indicated a constant course error and the increasing
track deviation during the jamming period.

« We are not sure how the simulation did influence the realistic display of the XTD (off track

distance) to the pre-planned track, which should have been increasing considerably to “right
of the track” based on the correct position information.

In case of any further questions please do not hesitate to contact us.
Best regards,
STN ATLAS Marine Electronics GmbH

Systeme Navigation, Kommunikation

Dr. M. Westphal

Page 2 of 2



