System and method for testing drilling control systems. Introduction
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when the drilling subsystem is controlled by the drilling control subsystem. Moreover, hardware-
in-the-loop testing can be used to check whether the drilling control subsystem is capable of
appropriately detecting and handlmg failure situations when controlling its corresponding drilling
subsystem

Marine Cybernetics AS has proposed systems for testing the interactions between
dynamic positioning systems (DP) and power management systems (PMS) in a plurality of
patent publications such as PCT/NO2005/000138 and PCT/NO2005/000122. However these
systems do not comprise the testing of interactions between control systems in use during
driling operations. These control systems present particular difficulties. Thus there is a major
difference in both the scope of the patents, the technological area to which the patents are
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iR T WEKSACORERbSYS IR RLATROM che enirolbAth therabiding: afrgiegesseg.is
between low and high. The draw work control systems may also comprise
emergency stop systems for preventing the travelling block from colliding
into the crown block. When functioning properly, the draw work control
system should amongst others adequately control the speed of the
draw-works, the brakes, the travelling block and the gear changes, and
prevent the draw works from operating when emergency brakes are
applied. An example of the results of a draw work brake failure is given

below: It was found that by operating the draw work at high loads the draw
work bralke did not activvate fact enniinch Thie lead to dAivverter hoticina



Mud pump systems are arranged for controlling the circulation and density
of mud during drilling. A failure in the mud pump systems may result in the

whitdeinggdamaged or in blow-out situations. The mud pu%?%ﬁ%smooms
system should be able to control the mud pumps to ramp or down the

pumping rate, or control the mud pressure. The mud pump control system
despiihgriatke @H@W@tﬁéﬁﬁd@ﬂ@@jﬁm@mnqhéacﬂmpemt@meoﬂ&m dritinglsystems, as
wethes miUcbpslbpinatecticcertatnare ssualihgeshelds ase yeashedd e @i and

Vemg&g;&p@ éyggm\,gh%ﬂd not command a halt but automatically ramp
OWJPhe £ ré)gnvg S A segarate class of drilling operation control

systems TaSSH ggyaas R LR MR ERE Sisdildive sEHalering
eFﬁ@ﬁévaﬁ*évgé—vBﬁaﬁgaﬁrwém@mv@am%@mém@@ thedil pipe in either
dirpiienhmanding mldimnﬂ@nbréh@ﬁiﬁﬁ@ah&nyeﬁgiéﬁmﬁ%rﬂﬁﬂﬂ&%ﬁmde required make-
up@wggmgk'ﬁ%ﬁ e H%@B&@éﬁ Xé’}%ﬁ% (Eg : JoF qlse%eMOQ%fﬁgl %aed of the

a or r/h draullc opera roughnec
p‘pte (ﬁ‘ﬁrégﬁﬁ 815 f’ RN operated CSG tongs ~ These
systéngdararap ébﬁﬁ@lﬁi@ wwdmmm@mm Bysttanwhegdaitirigptkidve pipe
handveorentsol theang\alie s mmwmmm@ewmg%@a&m@tm
rerﬁ&'ats‘aleﬁé@&ev@ﬁéth%uﬂ%&g88&@5%%? E?As It\/ ” é/ %ﬁﬁ@\%\(\egmaguons S?ﬁtor bails

sitioning and the torques required for the

I A S B B AR SR RPN G C%ﬂ‘fPﬁ%iaﬂ %@W&ménﬁﬁ@ng, and may
alsgmmarbe easipsorferidtsg or lowetirg backtriogrd eetatrenB@P tapdrive swivel from
thediy@iger are not controlled by the integrated drilling control system.

Howgyer the, %Pngg?%gt?s SR 'ec%.egr Al times durir “%F%JHQJQQ té’fum.sh control

prevent potentia erous situations occurrlng

S‘%ﬁéﬁj@?ﬁ?@ %’U‘Psé’éfﬁ%If%y@t%Fﬁpa‘i“b%ﬂﬁtﬁ&rfoo?’ﬂYéjéx?@aﬂgﬁt@@Péw%d
rotettiditesyistesh tdetrindrikiegreanmhées houdar giudlyidentohtiek sigtals fpeed of the

strm@emewevmesmggimanqg@&u\@Bgrﬁmalﬁ {BFHGé‘t!H@sYéH\é%tF’QﬁEE%‘ms the

topgﬁglvm ure %a %|S forJ)rovutil(r)'\%lcgg?sngan a S fOI’ ad ustlng

resesﬁ?e on nn?oﬁ andpé%vﬁu a?Pn rreve ters ame aﬁrﬁl'ijg ? ng

au ?Sﬁ'i'Mg?‘tﬁreaeﬁM‘Fﬁ*@#be@cﬁeB@P R‘%ﬂﬂ‘?cﬂf'i@fé‘%%éﬁﬂi%fl Teiis svaietirsgwn to O.
Fuptetiteatoblotiveoctatraintysteth siosuidoniy el @y skemsation of the top drive when joining

pipes or when braking using the torque wrench.

As is clear the top drive control system furnishes a large amount of control signals, and
receives a large amount of sensor signals, all of which should be adequately handled. Many
incidents have occurred due to incorrect handling of signals, such as uncontrolled back-spin of
the drill-string. As an example a drill string was stuck at 2300 metres true vertical depth (TVD).
Before the string was to be pulled loose, the torque had to be released from the string. The
torque was approximately 25000 lbs/ft. This action should be done fairly quickly. The torque
was set to 0" in the drilling control system, which released the power immediately on the string,
and the string rotated uncontrollably backward.r'}'his caused the loss of the bottom-hole-
assembly and almost disconnected the top-drive from the string, resulting in the loss of one and
half days rig-time for fishing operations. Systems were designed to prevent this uncontrolied
back-spin, using a ramp down function, however it was shown that these did not perform
adequately due to the safety function in the top drive control system.

Heave compensating systems are mission critical components of the drilling systems (7).
The systems are arranged for keeping either a constant weight on bit, or keeping a constant
tension on bit. There are two types of heave compensating systems;
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There are basically two control systems for Anti-collision; Anti collision
system are designed to prevent the travelling block with the top drive from
allidi th other pipe handling equipment inside the derrick
?y%t%)nl%g#e provided with proximity sensors and / or the ca(fcmgt%g%g/g?‘{ 8
position of the travelling block. Crown saver and floor saver systems are
*Adtlesigaed ctOrmenmtmmeyMamUing block from either, hitting the sheaves on
*Pg%gggngiggng thRtdrid floor. These systems are based on

calculatlonso W htand speedo block op.drive a
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rechiRedBiasto sigoatmwausly defioe mieesecthentt avelBhgultl pecbviziaddopoll sigeals
corﬁ!&hﬁﬁ%% oﬁ%"aHﬂ)%#Xg@ﬁ%ﬁ@@t&@\ﬁ%u@%geb&?@éégw@ﬁé%;@Fh the drill

eed, "continuously define total Welgset‘oftheﬁl \{ellln block
Ing a

rve s
S"‘fl9p°%m§8”§§§%er%p@’&8na r?lgéosus R TErS 2P AR ?urebvesses activate
an@mwumMh@tﬁn@énraﬁew@atérdadﬁwﬁisw&rsﬁmé%ﬁﬂ'&ﬁ%{é pheave
comﬁmm@gﬁwmﬁ% deileevshiish somecotponeaRRIeCIMiE myeass valves

in (% EQ%E'QWthqﬁé:Q{r'l gue operation of components in danger of collision
e travelling block and top drive, and release the dra ?rk clutch

and%\?§§%’l§ﬂr§'&?}ﬁ% G E fﬁa MRk PR LR Cg?}r%ybf Ry s
appleTtaiesl Withkespetirtaliyssepprine ansvetiripsibek ahgsop @lﬂ?ﬂ?@ﬂlﬂﬂihﬁ@ctwe drill

striﬂﬁ@@ﬁ@ﬁé’ahﬁaléﬂd aﬂ&@V@Bb@fH% Q’ﬁé’ﬁ“illfdﬁinﬂg ESARABSAINS wheency shutdown
sndERYEL AR RCh AN (90, ArXe UG AR Ol COUISINNANGHIRAUA Bons may

e ant | llision control should system should also amon
an%ﬁf{é@@gﬁw& wmm ﬁé"ﬁ?ﬁ‘?éss%@rﬁgumg bit is at the sea bed and thgre is loss in

heave compensation, or if the heave compensation does not perform adequately, the drill string
might get stuck which is problematic. if however one performs well head work, and the drill
string gets stuck, the drill string could break resulting in drilling shutdown, and possibly drill
string loss.

The draw works system comprises several brakes, gears and clutches arranged for
increase and decrease hook speed. It should further control the operation of the main and
emergency brakes. Optionally it should control an electrical brake, such as an induction brake
from 0-100%. If the draw works have a plurality of gears, the draw works control system should
controlling the shifting of gears, e.g. between low and high. The draw work control systems may
also comprise emergency stop systems for preventing the travelling block from colliding into the
crown block. When functioning properly, the draw work control system should amongst others
adequately control the speed of the draw-works, the brakes, the travelling block and the gear
changes, and prevent the draw works from operating when emergency brakes are applied. An
example of the results of a draw work brake failure is given below:

It was found that by operating the draw work at high loads the draw work brake did not activate
fast enough. This lead to diverter housing underneath the rotary being stripped down, due to the
load being lowered 1 meter before the brakes were activated. This resulted in the diverter
housing below the rotary table being dragged down, and the loss of 14 days of rig time for

7



*Main brake; normally a band brake two separate band with an equalizer
bar in-between on the draw work drum. *Emergency brake; Disc brake &
and rake will be actuated with a mechanically spring loaded actuator
“}% iC %be 7(?allure safe). In normal operation will the hydraﬁgwgggﬁﬁj 00136
keep those spring package open. Other brake systems may be envisaged
repRith Husate eetrie lapklas Freetuication betwsertizasvbsyktenairosinadtors before
mddityipig &lestnit slwariieas shairkk sequence might be to release the clutch
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aufersgdi¢aly cantirpuo the pnethegkedthe invention. A failure in the
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rive.swivel travellin may be run, wi
T T e
un c@ﬁ?ﬁbag%ﬁ‘grﬁ?é'afﬁﬁ%dependent sensor systems may be arranged,

*Hhmet?é&|f/ﬂ'recebmn®hsyellQm(ngredtiygmmprets the signals or failure

*Hallaamgme,m@gsg%d@{mglected collision may occur. In situations
M%ng;grtg%yavellmg block and top drive systems are extended when one

or more components are in unsafe zones collisions may occur. Collisions
EW'Y%PQSO occur when the travelling block and top drive systems are in the
*Slvel{atemtdnaulic olrecasd) of the electrical drive work failing, the drive work

SR RS IR R B RATNCRORAIOS Rl el wit

drilling fl orr IS may evi enty SO occur

e B B R ceciotrep vement o
thefenKabinrferriysraike Magipscsavigowntresd wemnttbiayttersarallingn general
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op@%ﬁ§%ﬁ@&ﬁ@r§ﬂ%§?glnxg%w id %ﬁHHchogf%@%geﬁtﬁoug% eII ec 9K hould

be ?es‘?e%’grdg;ygsswwe

In the background art the BOP and diverter are not controlled by the integrated drilling
controf system. However the BOP should be controlled at all times during drilling to prevent
potentially dangerous situations from occurring. Thus one may consider the BOP control system
as being part of the overall integfated control system when drilling, and it should provide control
signals for opening and closing valves and receiving signals indicating vaive position, receiving
pressure signals for providing command signals for adjusting pressure on manifold and annular
preventers. The same applies for controlling the choke manifold. BOP control is essential for
avoiding potential blow-outs. ‘

Anti-collision control systems

There are basically two control systems for Anti-collision;
Anti collision system are designed to prevent the travelling block with the top drive from colliding
with other pipe handling equipment inside the derrick. These systems are provided with
proximity sensors and / or the calculation of the position of the travelling block.
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If the drill string compensator is raised when the travelling block and top

drive swivel is close to the crown the travelling block may hit the crown
“p(#ocﬁl% /ID;iIIZiSng Control System test A HIL-test package, for HIL-testin%

of the dzrlﬂlng control software and control systems has bed§ H&%f%@?ﬁ 6
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A typical shut down draw work sequence might be to release the clutch, actuate the
electrical brake and engage the emergency brake.

There are a plurality of situations which may arise if one or more of the sensors or
control signals or interconnections between the two, or the control algorithms are faulty or the
signal lines are defunct. The examples given below are in no way exhaustive, and merely give
an indication of the failures likely to occur. It should be noted that any errors resulting from



In the device according to the invention, the integrated control system (1)
may comprise a power management system (4) for controlling a power
“plant 6), wherein said DCS (3) is arranged for receiving sensor signals
(319% 14t to said drilling operations and providing control STgNSR B -
said PMS (4) stating the energy requirements of said drilling system (7),
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e S B A L e B SR RIS Euratie o
stafp Eheoisl i IRE SRR ARHE BR AR HHina Jarsssamm PIBgkaFRTAg arms. This may
evigesitjansog camninbksigsiatsobR e tiaciuatore(@idaofivadvdrilimgkeessel (2),
Sa'tdﬁé’ &9%@6&%&#&5?@%%&%%@%&& gbf‘\‘wﬁ 'P@sf&hlﬂr{&mﬁ%mﬁ?%@nﬁ% Block
ctuators . said actuator arr or receiving power from sai
o S R 8 TS (AL T80 ek B S S AR B g
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a8 6 DBLR) e RUR ) A i HGR Ghipaydmany situations all be
interconnected in order for assuring the required operation of the drilling
vessel in an integrated control system (1). The integrated control system
Drilling @eatrad Susselimtent of the invention tested with regard to all faults and
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distributed by ot er As h as tone .
o P T e Lo Canaling et o B e e D T i
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cortestinignalg himszn et stteting tiserenmorapass difterefrsaid drilling system (7),

forftégmg)gﬁgtﬁégrg?@d%gﬁ%g§téw @?&@rﬁ%@@@l%&%ﬂﬁrﬁ@%@ﬁ@m said
functions for srmuI%t#S‘%the%r g/stermne such asn rlllrrégneﬁméo ent
oG SR S SRS AR &P BRI SRR I B 3 erein‘these
sysIBVS BeTamEAGBETOYRIKRA BoWRRIFRIS B dnDeRPIRRITedRIBdRR RS Power
to thedamrtgdssatiol Sysiemsn thead fedadinretieafdhaniiss@ntidsigpae iigletis faulty

wrrﬂi? c{ﬁépg%',%tﬁ@éﬁﬁ[aﬁ%@@ ﬂm%@%ﬁ&tmﬂ@%t@%%mf@re are faults

system. In this manner subportions of the commanFI structureﬂﬁg

or falties, B P HRKSAN L ARV RSP O ERe TIRE OO YR ThlOr 61
FMBAeaddtiectestitig siesafal san dtateemqsalfremw@ssm@%er DR as does the
DFEQRBRARRH ﬂ‘l’i‘@gmﬁ% &ﬁ&i@l'ﬁﬁs@ﬂ&@&ﬁ@éﬂ@ﬁ@rarﬂm&é@w B. Therefore,

fu n%gﬁﬂ g%g?n %x,dee t%“'rn L,atr'a PESO5 BRIER), mag%ﬁlgrgé Q%rrm%agamng

e co stems ay al operable for commands
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|2 BRIEDINY. tﬁ%tnﬁepgﬁﬁﬁ@tﬂét\ﬁ%“%lyﬁmﬁg%ﬁtrol sydted Iiks (3) said

srmu ator shoul test for the cor confl on of the Human Machrne

p%‘?ér‘f%?é@%-mﬁﬂt %&%QV%@)C&WC Oéllsﬁ rtg whether the control
system presents correct feedback at the correct place in the HMI. This
may also include testing whether thé operator input results in the desired
action. HIL-simulator specifications.



In order for allowing the various functionalities of the testing device
according to the invention the NIL-simulator should fulfil a number of

Wg%r? 'I;tzt NIL-simulator should function in real time sucgéli]% t?o%s?o 3136
little lag in the signal treatment. This is of importance such't RS INg

occurs in a realistic manner. The simulator should in an embodiment
of thadnve DB ad e ainsignal bok suchdhat mmtm aVERURterconnected
m%@Q?#érfé%ﬁrm&t@?&%ﬂ%éb&kﬂ%#& ERH%NF% @ngs %“ an %tegtrated contr?l system

gésmulator and no e real system. In this conl uration'the contr
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albf@ﬁtﬁat@ﬁéawfethéhsam@mwrm@Ibmmmwm@maeswumwmmmampns.ng

thifrardy hambﬂatoﬁrﬁmw&tam Sheude otdRdrBciRs mtesgwtgmw@mm;
s;%ﬁé\t&@fﬁt&s@)f%‘?@ H%‘? rﬁ% ?{ 3%@som Trngrja_”tkbﬁ'l e(}fi[ro%ru]rg) irectl b(re]tween

rnish consistent feed systems eing connec It a SO
the;ffd tﬁﬁ‘ﬂ %ﬂ&gwdes on S|gnals and on equipment. This should
inclutiee ditgatiied eontspbiysiigm &l fenkyreompiikesaadfecting festitbemk @ntrol system

DESWAaBisigaalptosnd atreasgyaﬁdles&rtﬁtwﬁbaﬁe s@u&a{(@dsdta gfired thissel (2), and
e [ e .
wHJ}Qt%es%F&‘Qé\Y‘& Q&g%é?eesﬂ}gg% r? Qﬁdo ea?e?e on ro‘t: 2’@?& enﬂ% éesultmg

simulated the simu unaf ec is S|m rror.

frap gt §‘ﬁ’?8°8ﬁQ%Wﬁt&éa&&ﬁ%llggbfé*wmﬁm&%(ﬁ%&ne ﬁ’réﬁb‘ﬁ?n@)should
be affebredevirearecsting Literisigntids shiduitegeatedreoniafieptet (1) Mdyide

didustheeisantss thewglasmfﬂuﬁa%n@e&m §'V@§£@F%%ﬁﬁ’éﬂ8?m@ SYPICRYY said

vmg t(_:‘ss.egtuItatp(eous and amlc eée |n sev ral fezgl-adba stems

sySf’J‘mto be S|mulate domﬁaeesﬁ_ d |n ac f’et%“&o%so‘“ aetesnjr?ulé%o}

bein§? Héﬁ@ét*&?e%ﬁfﬁ@@cte\it&"a@e&?&ﬁg'%ﬁt@meﬁﬂtmqfsfhﬁ@sweaf@ received
bysserdi |atiegreded tifce\ﬂ'railayetaﬁed:tartéte;sy&tdrwharedwfommerrt@rwbnmr@a\@gﬁals are

miRgdback §W|n°aé@:@?ﬁg%&k&y@@fﬂe%r%ﬂﬁ%R%R&dt{%sst% ik ated control
Ltlrthﬂb lg sftat;’at ther sho} be consis ergc bet\geen the
r allo

S
SYSrde Wing the | rea idtie esﬂﬁaa’ IR a8k Hé%gggaf?ﬁ; cantrol system
1?:onS|stency between the signals may include Proximity sensor feedback

and posisicemeasueneniteetincks cGorsisancywdeivgrs 3t integrated
coRRF ISRy g{ \SHRIEMS aprbabitity Al variaplesperd frvesde SO ion. A particular

com ma,r;\d nS|stenc¥ Ret een VRU sensors and riser tension sensors
problem with such systems is t

there may be a plurality of sub-contractors who deliver
different parts of the control structure for the DCS (3) or the integrated control system (1).
Although each separate part of the integrated control system (1) may have been exhaustively
tested before delivery, these tests are not abie to disclose errors due to interactions between
the various components in the system if they have been delivered by different vendors. It is an
object of the invention to analyse the integrated control systems ability to detect and handle
such errors. A separate problem arises if parts of the infegrated control system needs to be
replaced or modified after installation, as even though the system may have performed in an
adequate manner before the changes, the addition or modification of system components may
destabilise the system, or introduce errors which have not been envisaged. it is an object of the
present invention to resolve these problems. The modification of parts of the integrated contro!
system may comprise the updating or replacement of parts of the control software or hardware,
or even entire portions of the contro! system itself.

If one or more of the physical components controlled by the integrated control system (1)
is replaced there will be a need to verify whether the new apparatus may be smoothly integrated
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Consistency between status of hydraulic systems and ability of hydraulic
systems to follow commands Commanded torque and tension feedback.
This list is evidently non-exclusive as there are a large number of other
WAGh%EAHA should show consistence as is evident to a pePSOHNGRIRSIA136
the art. There are also various required failure modes one should be
intcaipke densnidpdesinduicihemay tanzpriggedt 0f thefppaser itveltsine wwtonsther the

|ntég%%é’ém%r%\jQFe:Wﬁr%%HEﬁstQc%ﬁ%é%%@ﬁ’éﬁlé@gwéwt M ef HQW% of

equipment inhibited his list is evidently non-exclusive as therg ?
lar % evice 101

sdﬁﬁﬁ)aérﬁb‘? t&ﬁ%’@?f‘%ﬁﬁﬁ% AREYALGHR IR DRI S PEINE B3 SR Fg 4R testing
of gach premoneskiidbisrintheraiad Evtiehtpieavaself apsFaing aniodes issbugepf the
potienaldeie ihe Glimid atetrcasisrremlyuas abauwdoibielescanadas winteh dferent

poraBNiSAgeARIE, étge%H%W&%@&&%Lhﬁ.%ﬂ&%@#unepéagﬁy%m%adﬁe RSy be

simulated accord |n to the Invention. é{e are a lar

SRR OIEE LI EHGE A 1o RIARUDR S AL RS FEN s e
int¢pratesstelirt pypteliitdhfe etk efghaievireonsisnaierirdisal dppetance, and wil
furfieesacksignabw the addition of further simulators to the system, for the simulation of

additional parameters.

In an embodiment of the invention, several simulators may be part of the testing device,
wherein each simulator simulates different operations. This allows the distribution of the testing
to several simulators, thus allowing the simulation to run in real time without risk of lag. In this
embodiment of the invention the simulators may be geographically distributed such that it is
possible to connect a simulator to the control unit to be tested without moving the physical
control unit. The simulators will in this embodiment of the invention run concurrently such that
the feedback signals and the control signals from the other simulators will correspond internally.
In this embodiment of the invention, the device may be considered as being a distributed test
system for an integrated control system (1), wherein portions of the test system are not located
in the same area. The intercommunication between the simulators may be controlled by a
central communication unit, or the signals may be distributed by other known means.

As has been mentioned the test targets may be tested being isolated or connected to
and controlling the real systemsin an FMEA mode. The different test modes allow different
testing algorithms and thus should also encompass different functionalities. The simulators for
test of isolated systems should comprise functions for simulating the real systems such as
drilling equipment, vessel power systems, vessel movements and the like, wherein these
systems are arranged for taking commands from and giving feedback to the tested control
systems. in an embodiment of the invention, one might also simulate other control systems
interacting with the tested control system. in this manner subportions of the command structure
may be tested, or links in a command chain or the like.

The simulators for FMEA mode testing should simulate signal failures in signals, often
command and feedback systems between controllers. This may be performed by manipulating
one or more of the signals as described above.

in FMEA mode the control systems may also be operable for commands such that the
system to some degree may test the human machine interface of the control systems. This kind
of testing allows more realistic testing of the faults and errors an operator may incur in the

systems, and may prove very valuable. There are many situations which might be difficult to
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Inverted digital signal Frozen digital signal Flicking digital signal Frozen
analog signal Noise on analogue signals Drift in analogue S|gr_|a_ls Offset
on analogue signals Fails to maximum /out of range Fails to minimum out

WEHTHAGE > This list is evidently non-exclusive, and as is BTRAGE)&HLS
should be able to be simulated concurrently. Accordir}g to an
crefpainaEenoitmeamvention dneisigaade theaaddream Hamgimelataeitied or untucky

mERaIHaIersHaRdsHR G atiRk %§§%ﬂt%¥e@ﬁn@¥gﬁ aegd qlherby & agdﬁl\o/;;rsgbility that
th@(m@g nltr};)%g%%%, t%sa ﬁg“rgblnatlon thereof or by any other suitable signa
transféer means as 1S Known to a person skilled in the art. As shown in

figuré NP il SEHECTEhRGIRS It DTS dreapimatiisektarg enmmblehios
intstfasy Stéivitis Thisareintgpieady immhueertay RRuse COBBHHEBIsBARresents correct
fe€IBRACEMBALEHLREJNRVENIGR HMI. This may also include testing whether the operator

input results in the desired action.

HlL-simulator specifications.

In order for allowing the various functionalities of the testing device according to the
invention the HiL-simulator should fulfil a number of criteria. The HiL-simulator should function
in real time such that there is little lag in the signal treatment. This is of importance such that the
testing occurs in a realistic manner. ,

The simulator should in an embodiment of the invention be the main signal hub such that
the input and output signals from the test target should be routed to and from the HiL-simulator,
and not to the real system. In thié configuration the control system will respond to feedback
signals directly from the HIL simulator or simulators. At the same time the control system to be
tested will command the HIL simulators such that it should not in principle be able to distinguish
the HIL simulator from the real system.

The HIL simulator should furnish consistent feedback to all systems being connected to
it also when simulating failure modes on signals and on equipment. This should include
situations wherein signal failure modes affecting feedback or command signals to and from the
test target are simulated. In effec;t this implies that when failure mode on one or more feedback
signals are simulated the simulator should run unaffected of this simulated error. Thus solely the
one or more signals being simulated as maffunctioning should be affected, whereas the other
signals should remain unaffected.

This further implies that when failure modes on simulated equipment typically having a
simultaneous and dynamic effect on several feedback systems are to be simulated one should
in fact be able to do so. The simulator, being part of the testing device according to the
invention is thus able to simulate how the failure affects the system, and further to furnish
relevant feedback signals to the control system or systems being tested. This further implies
" that there should be consistency between the signals in order fof allowing the realistic testing.

Examples of the necessary consistency between the signals may,inciude
- Proximity sensor feedback and position measurement feedbacks
- Consistency between status of electric power systems and ability of variable speed
drives to follow commands

- Consistency between VRU sensors and riser tension sensors
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the system as such is modular such that features which have not been
added as of yet may be added a later point in time. Figure 5 shows a

t set up for H IL testing of a drilling system. Th §
sw tcgﬂlz”? Cs, interfaces and systems to be tested may ee\P}l9 %1%8 00136

varied according to need. The invention thus presented will thus be
~ ableGonwsitasy irtbgensthbomfolysystins\stearsgad ity ofrbyinguic duitiens to
folldAi62mMEsSLI E Claims 1. A device for the testing of an integrated

cont ste 1 &l said integrated control system (1) is arranged
~ for c%ontro |namdq Q%F‘unl sald%rﬁﬁng unit (2) arranged for drilling

Th&d@ﬁa%.ewee AR aféf&eaﬁ*ﬁ%ﬁﬁgt@mrgfremﬁfrﬁ.ﬁ@@ré'aﬂmwat Shoud show
coosiptEots pstie v DOSER) dorsoorskiviihip thelaiting system (7), " said DOS (3)

arranged I8 FRELIMIAIS RARAEIIENANS (bsEdpbachioisdd sBilliRGsimulate which
m S}Joeratlons and for providing control signals (33) to said drilling system (7)

0°a8 for ¢ conducting the desired drilling operations, * said DOS (3) -
~ arrahB¥ofdOREHtPGIRY 'S PRIPSTity of drilling operations and comprising a
- pluralks of bpntnalcsubsystemsictuagics device arranged for the testing for
_ erroirdRsSaifdntegrated control system (1) resulting from failures or faults
in one or mor cont;ol subsgs{ ms W Jhln said integrated control system or
- ove or rotat inh
from fallures o faults M e interactions between control subsystems

withiFiSHligt iRRUARHEE BB Qe ETOR T SriRTa T BHAMRAADA TRERIgFe podes
thahehdadibe ohalatien 4ds ivleeidnt sa il pategr akéidContmbgy Sddeily) Savtrelirof the

falﬁf?m%'é&ss@lm éﬂ@@é‘g@@ﬁﬂiaﬂ&t@dﬂcm%mg/ CQ&'&F@UF&%%Q%@MI%‘M@ are

% wherein said DOS % IS %# %(? lor recelvln Sensor sj nals % 1) accordin
enyiae8aas ShRSBPIAG b BENSHE S PSRRI XY ?PSV ﬁﬁa’ﬂ e aegording
to PRI BVENtistating the energy requirements of said drilling system (7), for

testingesalish é@%@@tﬁmtﬁﬂbmteﬁﬂ&ﬁk earous msalie g feoniate such as those
hs{g&egggupns between said drllllng control system DOS (3) and said power

management system PMS S
- fnconsistency in digital feedback signals

- inconsistency in analogue feedback signal
- Inverted digital signal

- Frozen digita! signal

- Flicking digital signal

- Frozen analog signal

- Noise on analogue signals

- Drift in analogue signals -

- Offset on analogue signals

- Fails to maximum /out of range

- Fails to minimum / out of range

This list is evidently non-exclusive, and as is evident several should be able to be
simulated concurrently.

According to an embodiment of the invention the signals to and from the simulator or
simulators and the control system may be interfaced either by hardwire, by bus interface, by a
combination thereof or by any other suitable signal transfer means as is known to a person
skilled in the art.

As shown in figure 4 the device for testing of the DCS may comprise a large number of
subsystems wherein one or more may be used concurrently. In an embodiment of the invention,
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3. The device of claim 2, wherein said integrated control system (1) further
comprises a dynamic positioning control system DP (5), wherein said DP
control system (5) is arranged for providing DP power control signals (51)
VE2ABIA8 %), said DP control system (5) arranged for confofiiN§1#fg/000136
positioning of said drilling unit (2) by furnishing positioning control signals
the (§2)eto actualassiad)iaf saidtbst guwstwR)shseadeDidt peve nddstirs sigeiaisy be
addedd RIRHBGNR ﬁm@rwgrﬁge@ﬂ%%@ﬁé@%@p&m%(m o8 33&‘9%@15%9
§21 arranged for rec e V|n pwetr from sap% \4[ver t 6) s(? VICE v be
Sy L A FEUHERED ot SIS REER L) S0 STl FESEH Wty
varipfleeliding eesen said drilling control system DCS (3) said power
marnagenaiios\stepreddSedhyvilathds e 3mid {0 R6bpn hiddretelbviee dketaam
arrg”g\é@greég%\gn@@gm%ggr@gol system (1) further comprises a dynamic
positioning control system DP (5), wherein said DP (5) is arranged for
controlling the position of said drilling unit (2), and wherein said device is
arranged for testing said integrated M C SLLP control system (1) for
errors resulting from interactions between said drilling control system DCS
(3) and said DP (5). 5. The device of claim 1, wherein said integrated
control system (1) is disconnected from the vessel (2) and connected to a
vessel simulator (100) such that said system is tested in a
hardware-in-the-loop configuration. 6. The device of claim 1, wherein at
least one or more of the signals received by said integrated control system
(1) are real and wherein one or more of said real signals are modified in a
signal modifying computer (80) before being furnished to said integrated
control system (1), for the failure mode and functional mode testing of said
integrated control system (1), 7. The device of to claim 1, wherein said
DCS (3) is arranged for controlling at least one or more of the following
units for drilling operations: *top drive equipment, draw work equipment,
mud pump equipment, pipe handling equipment,
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drill string heave compensating equipment, riser heave compensating

equipment, and blow-out preventer valve equipment. 8.The device of

claim 1, wherein said DCS (3) is arranged for controlling an anti-collision MCSLLP
system, said anti-collision system comprising one or more of the following: '
a crown saver a floor saver " pipe handling equipment. 9. The device of

claim 1 wherein said DCS (3) is arrangegi@r controlling an active heave
compensating system. 10. The device according to claim 1 wherein the

testlng device comprlses a plurality of subsidiary test devices. 11. A

1 metHdaFFEefithy &1 wgeafrafb'atsefﬁﬁ%ﬁ SPRIBhT R4 WEa R dBIRpE e
cosystesystdmfon coatralling Bovitimglngita(@)ithgingtda)lingjcopdingond, (Bafdranged for
arteosaiesisateal Syrigratth) CAMPEFHEIEM (1) comprising
* a drilling control system DCS (3) for controlling a drilling system'(7),

* said DCS (3) arranged for receiving sensor signals (31) related to said drilling operations and
for providing control signals (33) to said drilling system (7) so as for conducting the desired
driling operations,

* said DCS (3) arranged for controlling a plurality of drilling operations and comprising a plurality
of control subsystems,

* said device arranged for the testmg for errors in said integrated control system (1) resulting
from failures or faults in one or more control subsystems within said integrated control system or
from failures or faults in the interactions between control subsystems within said integrated

control system (1) or from a combination thereof.

2, The device of claim 1, wherein said integrated control system (1) further comprises a
power management system (4) for controlling a power plant (6), wherein said DCS (3) is
arranged for receiving sensor signals (31) related to said drilling operations and providing
control signals (32) to said PMS (4) stating the energy requirements of said drilling system (7),
for testing said integrated control system (1) for errors resulting from interactions between said
drilling control system DCS (3) and said power management system PMS (4).

3. The device of claim 2, wherein said integrated control system (1) further comprises a
dynamic positioning control system DP (5), wherein said DP control system (5) is arranged for
providing DP power control signals (51) to a PMS (4), said DP control system (5) arranged for
controlling the positioning of said drilling unit (2) by furnishing positioning control signals (52) to
actuators (21) of said drilling unit (2), said DP power control signais (51) stating the energy
requirements of said actuators (21), said actuators (21) arranged for receiving power from said
power plant (6), said device for testing said integrated control system (1) for errors resulting
from interactions between said drilling control system DCS (3) ,said power management system
PMS (4), and / or said DP (5).

4. The device of claim 1, wherein said integrated control system (1) further comprises a

dynamic positioning control system DP (5), wherein said DP (5) is arranged for controlling the

position of said drilling unit (2), and wherein said device is arranged for testing said integrated
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MC SLI.P * a DOS (3) arranged for receiving sensor signals (31) related to

said drilling operations and for providing control signals (33) to a drilling MCSLLP

system (7) so as for conducting the desired drilling operations, * said DOS

(3) arranged for controlling a plurality of drilling operations and comprising

a plurality of control subsystems, * said testing comprising providing
coatrangetas) §lhfotated sreslibinpnivehificdesigtiats, mteceomihdtitinathentrof system DCS
(3§§,ig gg@gﬁa{@g'control system (1) for testing for errors in said integrated

control system (1) resulting from, failures or faults in one or more control

subsystems within said integrated control system or from failures or faults
5.in thdhateexicach S BENeWAEBIRFSIG UGB eI BYS AT rtdg itsgnnected from
th€0BER) systemdchnetizom a eambisiatioadheien)fsutd e anathadnofsdiaitad in a
hajrgwgge{rgmes_%igpig&gg{g}ggoﬁpntrol system (1) further comprises a power

management system PMS (4) controlling a power plant (6), said power

plant (6) providing power to said drilling system (7); said DOS (3)
6.receiliregisensof siejmals YB&)aiclatéaked aEdUritigPbbersidonls megived by said
in@b@ﬂi%%&tﬁ?gg&dr(gﬁ@zéépa%@idfﬁé@(@xé@tmgrﬁ}f SRIBN@YI signals are modified
._requirements .of said drilli stem (7). fqr testing, said jnt
R (5 Hoh Bl el Tt R e B S AR S PLycom )
focthstfalypsnade DO RYaAd 52096 R ARG Bise Rt SR P RISean (-

13. The method of claim 12 wherein said integrated control system (1)

7 furthep, COMPLISES A AYRAMGBASHIGL NS E8REIL S¥ DB RhtV¥MREER east one or

said DP control system (5) provides DP spower control signals (51) to said
meseref 125, felpyipat el PO FEYDR PEET 8P L ontrolling the position of said
* tdpiltirigeLanitiE@)dny, furnishing positioning control signals (52) to actuators
+ deal) Rbsadd deitligig unit (2); said DP power control signals (51) stating the

. ener reguirements of said actuators (21), said actuators (21) receiving
e

| en . . .
) m Sglna power plant (6), for errors resulting from interactions
* piedirerdlisgigcdinmegicontrol system DOS (3) said power management
* Gyistemgida {4 rapehéaingasd Ui €b), 14The method of claim 11 wherein

« saldintegrated caatrol gfmglﬁ)afwther comprises a dynamic positioning
| B (5), wherei

. control system DP ( 1erein said DP (5) is arranged for controlling the
DR RS I AP BNR T or testing said integrated control system

(1) for errors resulting from interactions between said drilling control
g.Systefd i ancERranhsaidRRR)s 10 Dbs methackabstpisn dohiwhegein saidollision
integrated control system %) is_disconnected from;l} i[ling, unit (2) and
e B ) 5 Sl ST G (00 FeBicLine aat e 0 i
* aigravkateavsensor signals (), using a desired initial state of said vessel
*~ Sipoaiare100), said

* pipe handling equipment.

S. The device of claim 1 wherein said DCS (3) is arranged for controlling an active heave

compensating system.

10. The device according to élaim 1 wherein the testing device comprises a plurality of

subsidiary test devices.

11. A method for testing an integrated controf system (1), said integrated control system (1)
for controlling a drilling unit (2) during drilling operations, said integrated control system (1)

comprising
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MCSLLP vessel simulator (100) responding to control signals from said
integrated control system (1), such that said integrated control system (1) MCSLLP
is tested in a hardwarein-the-loop configuration. 516.The method of claim )
11, wherein at least one or more of the signals received by said integrated
control system (1) are real-and wherein one or more of said real signals
* aRCMEifednged Sigreseivodifanspeeignalads (8o defresbiingifngniskedicos and for
pré@ifhintestRiedrartrebsysteam(b)lsjerdhe falyres e dsnandifignationRaled drilling
m%ge testing of said integrated control system (1). 10 17.The method of to

OFE ralr'ﬁnfl, wherein said DCS (3) controls at least one or more of the

" SR Dt Rsed AN BERIAG SRl afideguipRrRians drgde aepRsing a plurality
of equtipnzentydferhsnud pump equipment, pipe handling equipment, drill

* %&Q&hﬁ@XW@iHS%@MBQ@QHm: simulated, real or modified signals, or a
combination thereof, to said integrated control system (1) for testing for errors in said integrated
control system (1) resulting from failures or faults in one or more control subsystems within said
integrated control system or from failures or faults in the interactions between control
subsystems within said integrated control system (1) or from a combination thereof.

12.  The method of claim 11 wherein said integrated control system (1) further comprises a
power management system PMS (4) conirolling a power plant (6), said power plant (6)
providing power {o said drilling system (7);

said DCS (3) receiving sensor signals (31) related {o said drilling operations and providing
control signals (32) to said PMS.(4) stating the energy requirements of said drilling system (7),
for testing said integrated control system (1) for errors resulting from interactions between said
drilling control system DCS (3) and said power management system PMS (4).

13.  The method of claim 12 wherein said integrated control system (1) further comprises a
dynamic positioning control system DP (5), wherein said DP control system (5) provides DP
power control signals (51) to said PMS (4), said DP control system (5) for controlling the
position of said drilling unit (2) by furnishing positioning control signals (52) to actuators (21) of
said drilling unit (2), said DP power control signals (51) stating the energy requirements of said
actuators (21), said actuators (21) receiving power from said power plant (6), for errors resulting
from interactions between said drilling control system DCS (3) ,said power management system
PMS (4), and / or said DP (5).

14 The method of claim 11 wherein said integrated controf system (1) further comprises a
dynamic positioning control system DP (5), wherein said DP (5) is arranged for controlling the
position of said drilling unit (2), for testing said integrated control system (1) for errors resulting

from interactions between said drilling control system DCS (3) and said DP (5).

15.  The method of claim 11, wherein said integrated control system (1) is disconnected from
the drilling unit (2) and connected to a vesse! simulator (100), replacing real sensor signals ()

with simulated sensor signals (), using a desired initial state of said vessel simulator (100), said
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riser heave compensating equipment. 2018.The method of claim 11,
wherein said DCS (3) is arranged for controlling an anti-collision system,
said anti-collision system comprising one or more of the following: a
crown saver a floor saver 25* pipe handling equipment. 19.The method of
claim 11 wherein said DCS (3) is arranged for controlling an active heave
compensating system. 3020The method of claim 11 wherein said drilling

Vig38) AU 6HIRRRPANAIRG inEtertEMGiNRIe dFAMSaid istesr q)t,ed control
@SRAHE (1), such that said integrated control system (1) is tested in a hardware-

in-the-loop configuration.

16.  The method of claim 11, wherein at least one or more of the signals
received by said integrated control system (1) are real and wherein one or more
of said real signals are modified in a signal modifying computer (80) before
being furnished to said integrated control system (1), for the failure mode and

functional mode testing of said integrated control system (1).

17.  The method of to claim 11, wherein said DCS (3) controls at least one or
more of the following units for drilling operations:

* top drive equipment,

* draw work equipment,

* mud pump equipment,

* pipe handling equipment,

* drill string heave compensating equipment,

* riser heave compensating equipment.

18.  The method of claim 11, wherein said DCS (3) is arranged for controlling
an anti-collision system, said anti-collision system comprising one or more of
the following:

* a crown saver

* a floor saver

* pipe handling equipment.

19.  The method of claim 11 wherein said DCS (3) is arranged for controlling

an active heave compensating system.

20 The method of claim 11 wherein said drilling unit (2) is a fixed or floating

drilling unit arranged for drilling wells on- or offshore.
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