WO 2011/ 115508PCT/ NO2011/ 000094 1 "METHOD AND APPARATUS FOR MONI TORI NG VEEAR
OF AND REPAI RI NG SHAKER SCREENS" 5Introduction The present invention
relates t i1 mud / particle separator screens or - " shaker
screens"‘gggéhjd$$ﬁg drilling borehol es for petroleun1e£§?gﬁﬁgbﬁ@ﬁpﬁwbre
specifically, the invention relates to a nethod and a device for cleansing
a shaker screen used in a drilling nud / particle separator, inspecting the

shaker - sonfefhod NACREAKTIG RERHGHRE EAR LI REBLARBISHOKERN® Shaker

screen and repalring the shaker screen | icant weaf 1Is present, and
ret ur ni ngS¢REENTaker screen for further use in borehole drilling. Drilling
of petroleumwells is conducted in that the drilling string is hollow and
15transports drilling liquid down to or in to a drill bit with nozzles. The

drillihg FHiPduUed®Rrns with drilled out formation rock mass in the form of
cutti I’IQS,TH@ﬁﬂés@r&riH/éﬂt%ﬁ,re!%@é'ﬁjtoad'fﬂlir?rtnﬁh /RRAkHIIE b85arBR¢ kcreend bessdsifedice. The

drilling |iquid has high densi .and nmay be tixotropic or not, in order to
bring al oﬁb 'b%frstcfecﬁ”ésug%gwmgcé%b’ég B‘?I@Rg'\?? 5°'tpr?ér°iﬁﬂ5’8|eﬁ'§'°'é?ft?”om0'%f t he
bor ehol e. spEaticaliy, Ithe nyehticputalatas t6 Hahethsd and @xqeeiteifyiecibargingda shdkeshal | to a
smal | est e assi bl e be rel eased, and shall to | ar gest _degr ee
possi bt e bR Bl P sel¥oid Brpscadns BARE RSN ne
cutti Hgs weatifylng and negisyerggpagrifiaant pleantn tior shekley sceapend iregpinmidthet i ng or
rotating 1 ; d i ' (1) are
Used i n sy et Torge A R g R B o ok B B Rh R SOl 1) Tt
portion ofrthgeuseirubeiehejedrilingi ng nud or drilling liquid which is
constituted by cuttings, sand and netal particles, and letting the drilling
mud as such pass filtered through the screen cloth. The drilling nmud is |ed
over a se‘?i"é*EgB PeRRenm Welisds serdstrdcindbalsthe Ay ',"'wgrﬁéf'e%asr%%'fowmdgt, whi ch
renoves ttiengpoas eillingdiduicd@sn taodindalaad @r bioweth rfdzaes. aeddriling fluitii ner
screen clot hs_arranged in frﬁnes are

screen cloths (1). lL.es of. suc
Shown i n fargfhs Yt g TRk PR 0 BEEH &8 B P BRI ok Part S ke
drill cutsandgsdametapaattictisdmclioto thd swsfazesTheodning Bgwed bas habraessity hed edge of
t he shaker : t plld. LAY ds ol bgul Giafhaction
e e e

annulus and out of the borehole. The drilling liquid as such is an expensive liquid, it

20 shall to a smallest degree possible be released, and shall to a largest degree possible
be recuperated. On the surface the drilling liquid and the cuttings via the primary

separator plant normally comprising vibrating or rotating screen cloths.

Background art

25  Vibrating screen cloths (1) are used in so-called "shakers" for catching and vibrating
out laterally that portion of the returning drilling mud or drilling liquid which is
constituted by cuttings, sand and metal particles, and letting the drilling mud as such
pass filtered thro’ugh the screen cloth. The drilling mud is led over a series of one or
more screen cloths (1), the coarser first, which removes the coarser particles, and

30  later over finer and still finer screen cloths (1). Examples of such screen cloths

arranged in frames are shown in Fig. 1.

The entire screen assembly is vibrated in order to make drill cuttings and particles of
all sizes to migrate out across the edge of the shaker screen frame so as fo rthe

35  drilling liquids liquid fraction and finer particles, below the shaker screen's mesh size



WO 2011/ 115508PCT/ NO2011/ 000094 2 will pass through the screen cloth. There
are al so screen cloths (1) arranged as an endl ess band which are arranged

for rotatwpaofillQ¥ey. A shaker screen may conprise a rechapaiddi1do6on frame
(2) of about 1 x 1 n2 and an exanple s shown in that the main frame my

have 10 rows each of 20 rectangular 5 oblong cell frames (22) each
suppor t i nYilliRass sroppd khepcrgers elpte Thereparg. alapsrearhad®@s screen franes (2)

conpri se @n diRRged 36 aAeMdRdsObAnd hhicH 4B atRBgEL R 8GtINBSIbWY Z8shdked- from
2500 pm (2, for the very coarse screen, and down to 20 pm (0.020 mm,

5 . .
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C\}] cr ﬁmet eé>&|n|6rile5s %wﬁinahae@@gngxmf(a%?@n@haoé 16048 lalea?ﬁnm:rmar(ghtlﬁ mm

iC re [ er r a ur e. € Screen c n e
oot cofn ¢4 kel 08 a5y SbARA Bs obfors o ste i, Shth, yeks Bifkel
adhesi vessaweembameni( 2gcaepniset amegser Soreas cfodn (1)hwitls thieeassired ohéshasize, t he
support cé.ajt Fonwﬁiffdd)umtzusahwln%{? f%i,g‘(eate and grind and thus to prevent that

ot

the screen’c rom be’worn over the cell frame, and further prevent
15t hat t heerg gppeetscedest And down e kA gnmi?-A2@gahhstll wikiea betking phansupadrt

so- cal | edeo it Riddh 'siRfortReved 2RI 6 |Pdheless gfesi ned by the size of the
particles which have a_given probability for being renoved in a filter.

Usual 1% cBM)RSi 4089 Hay2HeMMdIr Cxeed 08¢ dticras (1smmyoghichate albriheno”

defini ng oUYhand dAOIIErTRadhrddr d6% (29ahd brd BgbporaN®d 17 Pmayadd fixddes of a

gi ven 5|z§, hﬁre 500 ){m For p rt%c,es Ig'rg(ger .than the indi catfed r‘\'cut

poi nt "t R SPRERETS ) PYrmeang SharbRes ardaptening suReT TeTsol 35 G6INE For
parti cl esscoseraclsihzand gesubpareidti@ot winoalatig vitzate gl grind drdethpsababi lity is
| arger to i .. 25 Profpl e rel ated 4 he background
art A scr%'ggé@ th? {19}%%%}{%,% $3t%ﬁ%nmaé%gvi“§/rgr? Vﬁ{:ﬁ}e %lc‘n)ifﬁ mgvﬁ‘?ﬁéﬁ%%ﬁ?@é’? éts t he
mesh Ki zethdt the supportothotbffrarn demgerarnragsingt theheellfoamemn cl ot h, and indirectly
i ndi cates which size of particle sized which may pass through the apertures
of the given mesh size distribution. The particle size distribution (PSD)

af fects t HE tfFalledngul Pjos’ @f $hesopen elpksisaiBiRed Rusheasize Af thearacdclesr exanpl e

wi th regakkich Babew dian $roBatiRy foF %)éihg \WerhBvddie aiintérege...rauymt ebpkentiyamet ers,
the dri 1155 FARAESTER 256 Pegrae et 050 oPB! EoTing A T ert o <
Soci ety odf Heeig aneavedHepbartiakes oha giltin1dED) Bére’' ST g@asFaed pdmxicles i ng of G| and
Theor et daroes SR PR Hisate Bk dordneBrodBuboL e e o gqplio 5
descri beslaties althvanartiges opé size less thann the indicated "cut point” the probability is

larger to pass through with the mud.

25  Problems related to the background art
A screen cloth initially has a given "cut point" which indicates the mesh size
distribution of the apertures of the screen cloth, and indirectly indicates which size of
particle sized which may pass through the apertures of the given mesh size
distribution. The particle size distribution (PSD) affects the drilling liquid's properties

30  and has an influence for example with regard to how far one may drill with the
different borehole diameters, related to, among other factors, liquid pressure and
resistance forces on the drill string such as torque. An article in the publication of the
Society of Petroleum Exploration, SPE103934 "Successful Drilling of Qil and Gas
Wells by Optimal Drilling Fluid Solids Control - A Practical and Theoretical

35 Evaluation”, by B. Dahl, A. Saasen and T. H. Omland, describes disadvantages of



WO 2011/ 115508PCT/ NO2011/ 000094 3 wear of screen cloths. A significant
problemis that the screen cloth, which shall only let through a desired

particl e \Wwozag11/418s040rn and hol es fornmed, and thus the sq;(;ep%ﬁh%bmhets
through 5particles as coarse as will pe let through the support cloth,

which in this exanple may be a standard nesh of 1000 gm Thus in the
ret urni ngWed *SCrREN §I@fliFd the desired particle size distribution and the
desired maxi numparticle size for the further drilling operatl on i s not

tual | hi eved. Thi K bl d the d
et . i EREPVTES! proBle It Erocera Abu e A0 AREC N PRABE N or

i ncurred partitleeasizaid wotneargi lzcﬂesifo&?wedbaﬂd munslnﬁ@@cfmSn otmets thraligh s, t 00

Coarse du arEgleggngQc[%ﬁég V{iﬂéei('ﬁqitf'ﬁsuﬁg tB?SE%PS pfel trﬁ& %;' tRQ x'aﬁmpw"e screen

cl ot hs’ 'S Incars
ot herwi sembgwe aesulted if the particle size di strlbutlon accordl ng to t he

filters U&Sﬂd%%é#ﬁﬁdﬁ)@@rﬂ%h%ﬂhg Fn‘?n Sﬁungé'lé’w&Qﬁé’géﬁé’e%dparFH@ screen

cloths' properties throughout t rocess according to current
practi ce dredigbibutiegiagdd eaes'm@awna@@m sizgnionthe fulkhesdopiment of t he

cut poi ntoRrafidiRisSidt @R bMel e, w&nemno@n%rgﬂaﬁl aaidsmermnrtghe qual ity of
the primary separation 200f the dr liquid. As an exanpée of through

f1 ux lﬂ/ d’i’%‘/’\géar’@ﬁ‘ﬁ 'TBE OV tae E'é‘étaB%Wﬁiﬂ? Oé‘ﬁ\}ﬁngé@é" adyce POENRIER h a

cut poi nta:@flnmdmyﬂmmrt.heauzlaanéthagt.af b@caafesavroﬁgl,puhetts edptdared dddH0 1300
pm suchasHI zewhlhls

P oved "t & otentisd B R 14sher drdarelth araronudiech e htBencObis, Thvingtith sl S
about 13 e3rdiing prededsyis NdBawboahas woalld miiberbd@thavieresultedrifjdre paredet he

particle é%igismucfi%nsalg?&‘rhﬁ\gqg tﬁ% hﬂyz\gq.lsteg aﬁ8§§e|r‘ PBBF%EV%IQ %%Feeg{logl th (1).

A hole in e screen cloth”resu I'n that on (11)
remai s i@chi¢veddamaged part woul d |ncur not only that larger particles flow
through than what the screen cloth nom nally should stop, also a Iarger
liquid voulume will flow throu%h t he shaker 30screen frame, incurring in

total thath $EeetheaHs’ BroPeries @é@h?@dhsm'm@°@S§@§CQfﬁ@9éa§é§ef‘hr mor e
t han the @«raeacdommtre@ateeéd triﬂes tiadages te/iperd del@bpmast siueb cof psiReoshaker

SO e, srocn s BB SRS BB B el B RS 1
of tomw | asfgbe sirdimgdigaidal Asaneekaipi@afjthrough flux by different cut point sizes one
may envisage a screen cloth with a cut point
of D50 74 pm with a backing of coarser support cloth of D50 1300 pm, such as
illustrated in Fig. 3b. The maximum particle size which is allowed to pass through the
backing cloth (11) has a volume which
25 is about 13 003 divided by 743 which is about 5400 times larger than the particle
size which should be allowed to pass through the screen cloth (1). A hole in the
screen cloth resulting in that only the backing cloth (11) remains in the damaged
part would incur not only that larger particles flow through than what the screen
cloth nominally should stop, also a larger liquid voulume will flow through the shaker
30  screen frame, incurring in total that the amound of the undesired particle sizes
increases far more than the area proportion of the damaged screen cloth as such of
the shaker screen frame.
In summary, the above problems incurred damaged screen cloth in relation to the
quality of the resulting drilling mud, particles of too large size are allowed through
35  the damaged shaker screen. Further, the amount of liquid containing too large



35t he damaged shaker screen. Further, the anount of |iquid containing too
| arge WO 2011/ 115508PCT/ NO2011/ 000094 4 particle size distributions is

| arger i nygnepefkioRn than the proportion of danaged scr eehnNg20ithoRfost he
shaker screen. Condition check of scrgen cloths may be carried out by

analysing a fluid sanple of 5the filtered drilling fluid as described in WO
2006/ 112798 tigle siaglitoibaliansiziaony infraeeréies thamihe RIAPeHBACALAR288¢mri si ng a

punp for shréad aethPofthklshbikg detdéind sanpl e fromthe bottomof the tray of the
vi bration screen into the apparatus, a filter for filtering the drilling

fluid sanple and a pressure gauge for nmeasuring the pressure difference
acr oss t heorddilidrecheck @f Aorekhelotisd gay foexariedpsurlyeanatysidghatividahemiaste f or ned

|nthe scre th.is, that th Mo f

def ect® cel hleefq?ﬁa‘évedglﬂg%’ﬂﬁ'éjl aessdesfﬂ%ede'tq%&éez%@éﬂe%k% ?éms %uyq%%épwc?}?polged of
and repl adgleddeskribha ke @psearatencanprisifg apempdst eraamgja dgliog s$d sardpleay be
consuned fr@mltﬂé%%tt@ h§ tFH’VdfrEge @lbqéﬂldnl %}c’?&é} F({I G ape]ctug)r!aeﬂlﬂ'%v\’ghe Shaker

difficult to repalr a shaker screen on ocati'on

screen wif! Fﬁrrﬂgaﬁ'?eé‘rﬁ'ﬂ'lﬁgeﬂ%@ﬁiimP@ qr@rmpwpsuraw@ugwﬁqummwggm BIESEWRpri se

| ess t hangitfbeenst a€ralt tngitgel |, may be sealed wth glue or flexible cenent
and thus prevent further damage. However, according to the know edge of the
i nventor, no system exists which systematically handl es problems related to
open hol esndtRessig@atartPbhiam iarthanw@qwarfm nQthe dbte@ARIGLE &, Ithatriepad i ng

loth d t hod f th
i v dust RS BT L 81 S4B AL LR R TS PRy MBI P SRBFY AN § ng
oper at i onsamRepastbeafismsedenand cdptecedcs shakangcteenpmes gatnepoattaboet i s done

to a var yé&g gg%’ﬁﬁ%éénbé Q(?nsglmedl QrgL%%ﬁ'Fb'ePJ'dtp'Ynggéﬁrim\ Bgél.taiti%Hlo@rohg adapt ed
pl ugs, glue site) Ased TIEXi bl e mass. The
mendi g twslk I!ﬁrsg/dlff@ngttptrwnaa KeaKer fscreen lontthe dridingpeqadicorif. th¥isbaksicess man

hours requti-E&elwWhinl & Eitirk |cl=:f‘§l~ ﬁoh?ubaﬂﬁ%hé@lq{o@@bl%cﬁ“c%%k@fé%s shehas 24
inches and 17.5 inches may be between hours in order to keep pace

with the figdel %’rﬂﬁ‘u’t sy @c?e@éﬁi’ %‘éﬂ'%ﬁkﬂflfl@xtﬂ’ﬂq feenf apddhrs graygnbiurth§ék nass
vol urrg pecgarb@%d HOWNRKBF, aTE6aAfTY. to-EhétkH&ﬁfe%%@P'f fl'@tq?véﬂtoi V) ss/@feereax.lgﬁsot hb( t1) i's
WOr n ue . rati on (0] Ccu I NS, an Cl es u
T due 4 e pRcl Aol et OBis TRafeeb oA ol PR S iy o
face 26 vapparatue fd)roaugomadcmlg repaifiag streke slobutiambges, choe aby sgatemdiing agai nst

the. SUPPOELLRGIEE R ddn i AIde) Fldicl GRTES {28 WBinEylRg WHBTP! e

agai nst eacC gen cloth takes
pl ace frometsodtilling de@raobns rP@pstfuoééﬁeem @tOWS(a_C)commtq Presénitpractigeds dgspy

per \tN'e; 'r €St0F GaH fhgPik g BE o HREAMIRRG TocsHb BF BsO@br bIBicHISHESBastbebllds1ii@nd due
(single and composite), or silicone based flexible mass. The mending task may

25  constitue a health risk to the operator. The excess man hours required while drilling
the larger borehole dimensions such as 24 inches and 17.5 inches may be between 4
and 8 hours in order to keep pace with the development of screen wear while drilling
about 3 m3 of rock mass volume per used shaker screen.

The upstream face of the screen cloth (1) is worn due to the impacting or migration

30 of cuttings and particles, but also the downstream face of the screen cloth (1) is
worn. The downstream face is worn due to grinding by particles but also due to
grinding against the support screen (11) within the cell frames (22) which is vibrated
against each other. Empirically one knows that the
screen cloth takes place from both sides of the screen cloth (1) both in that a wear

35 by particles occurs on the free upper surface of the screen cloth (1) and due to wear



WO 2011/ 115508PCT/ NO2011/ 000094 5 fromthe support cloth (11) or the frane
cell's (22) sub-frame (23) against the underside of the screen cloth's

surface, nore wires in the screen cloth (1)
5JP2002- 3‘¥§§EJ§A gﬁscrl bes an inspectign device capable oF ﬁé?\/ﬁo?\m“and

i nspecting a screen nesh with little man power, nore specifically a
m cr oconpiiererthestpeat gaiothiXY st age to nove a screen nmesh by one screen

di stance af 3 RO BRI <309) QU Bk (32PLOGRRSHRYNSEAIGe A0 elrcbvar d an

i mage pr OCESSI ng devi ce. een nesh obtained fromthe CCD
canera i s¢ %té‘rﬁtsqf@Cﬁh@ti'mg@rmme@@isngt'd%we@ clgfe(1)dieaksce counts the size
of each opening area and the nunber of the mesh included in a screen and
cal cul ates .t he standard devi ati on of the openi ng areas usi nr%HBsSt atistical

t echni’que’P 28603 AN drSFTBes PRANSPRAAN ‘i‘%’r‘Fel@Pﬁb' (P oBEgue 2 ReFYBAtion is
a et hod 4§ mreemmdsarw.ﬂglutaadnmpmwme spécifidany aoﬁucﬁdtah@uséwak%s, bnlxtver

screen fr screen, cloths (1 h ract t he st
provi di ng éd%ove APy FET Hbesr %‘UPB‘E E%ﬁ%%ﬁis C&? #fDe?a s‘%:rraeaen U%gsts (2)
screen cl zoDhDC(EQS)mg stagt digndl dowardraveimage pmecessiga zieviee (A0 BH3ge2dihe ysierg a

movabl e ”@lgé\w H’S‘t%'ir{?e‘d'f%rﬂ 66?&@?%51&}%5%&?9@%3@%3% ﬁchEi'n E‘Jev&‘ér?%‘ frame

(2) in said nmagazi ne forwar ter Screen to a
cl eans) ngdqymetcomss té\ﬁ@l@l A £Ish pgeyag areq artdeﬁhegmf@@ﬁ of trm@epijnayded igai d

screen clothebd hnd calculate)thk ReardBRI BaViidN oreh€ABBRIng hidak Usgi 19 said filter
screen frame (2) to a drying unit 25(140) and drying said filter screen

frame (2)Statighca T?éh?r‘ﬁHFpul ator elenment (115) noving said filter screen
frame (2) to an optical inspection station (120) and inspecting optically

sai d scregn Iothﬂ(?ﬁ ?tﬂ u5| an algorithmin a conputer identifying
damaged p PSR 8 ﬁl"bl" {%n cioth (1) and registering said damage

portions' In(cﬁje ppect, tominbEptiomisa mettpdtfer mueitorig én‘a}) maﬁﬁeu)amtetoéwuanpﬁg in

sai d 2l goplidmaa) fiedammasd 0Rc (N0 (QbeAERNRR GpliBH 02 d9aRge and

det er mi ni ng Sal d wor n ortiron bei ng
repaird oitepepl aced,

a) providing a used or drilling liquid contaminated filter screen frame (2) screen cloth
(1) to a filter screen frame magazine (100),

20  b) using a movable main manipulator element (115) engaging said filter screen
frame (2) in said magazine (100), feeding forward said filter screen (2) to a
cleansing unit (4) and cleansing said filter screen frame (2) with said screen cloth
(1),
¢) the manipulator element (115) moving said filter screen frame (2) to a drying unit

25 (140) and drying said filter screen frame (2),

d) the manipulator element (115) moving said filter screen frame (2) to an optical
inspection station (120) and inspecting optically said screen cloth (1) and using an
algorithm in a computer identifying damaged portions (6) of said screen cloth (1)
and registering said damage portions' (6) position (7) in a computer memory (9),

30  e) determining in said algorithm said damaged portions’' (6) degree of wear or
damage and determining whether said worn or damaged portions (6) qualify for
being repaird or replaced,

f) the manipulator element (115) moving said filter screen frame (2) to a repair
station (70) with a repair manipulator (72) repairing or replacing said damaged

35 portions (6) qualified for being repaired or replaced with replacement portions of



f) the mani pul ator elenent (115) noving said filter screen frame (2) to a
repair station (70) with a repair manipulator (72) repairing or replacing

sai d da ions (6) qualified for being repaire W th
 epl acomenp qu‘ A%k o0 (0 S051) 115508PCT/ NCRO11/ D o00s  CANIFRIRGER

(1), g) noving the so repaired filter screen frame (2) back to said
nmagazi ne §te®)cloth (1)n anot her aspect, corresponding to the first aspect,

the inventy ﬂ@vfngrtﬁg' s@?%&%@%ﬁ%géﬁegﬂ?ﬁh{e Q&%F ﬁgﬁﬁ%&?ﬁ%q 166). wear of

shaker screen scCreen scre aracterlzed by:
a) a mmgazine (100) for receiving one or nore contamnated filter screen

frames (2pp and%eraasrﬂi@%!tab.b@e%namﬁﬁe'tﬁé' kipde QEp&th et Nhvdntiba)is 8h haparaclsf eF
engaging said filter screen frame (2) in said magazi ne (100), and further

ar r anged ’F‘BP'“P%%P'?@"PHHNQP%F afpuearpf shekesisceeepssreepSianes @) WELFREESY uni t

(4) to a dbtyisr(g)uﬂhlatacfélr&@)j btyo an opt| cal isntpecti ng station (120), to a
prepair

100 140
arr anged ?o? a@@%}f’sqﬂ%&a%f aec'emnrf%?nesg %’éhen‘? ! ’{a%d Ik s&F‘%’ﬁ [}garlﬁé]ﬁ! 1g| I t)er
screen frianamdpble rd)manampd:ulatoalelemepe((mSWrai@'dlfonerﬁg]aZ_]ﬁ})g fand filtercei vi ng

sai d 1| LELeaPrERA (of AEid RlacbaAL 206 doh A QR BAGLY hBBIAG (53l CT e

cloth (1) an u5|n m|n nput er or 9F dent
portiths g9 fither scagen %rte@rﬁ'@aftsmﬂ yrig (‘artd afd)’l;'lngegilts(tlém hgalsaptﬂcatﬂanaged

portions’ |s()@kc@r?§ttaheﬁl ((Z()), Ecpa% &&W.@bdﬁ%@éc( 2N sau@meﬁ]@zﬁb‘i?bb} hm f or

determ ni ng sai g‘} tions 0) wear or damage and
for deter?ﬁ%i"ﬁ’@ﬁ%@fh O)Saéfad‘gﬁﬂ)f?f r@@'tﬂ'&ﬁé@@&"%ﬁﬁ“@ﬂ?%@(f&ﬁé'ﬁ’"f%/ for

bei ng repaiid adescré@pframedz2),
d) an optical inspection station (120) for receiving said filter screen frame (2)

15  arranged for optically imaging said screen cloth (1) and using an algorithm in a
computer for identifying damaged portions (6) of said screen cloth (1) and for
registering said damaged portions’ (6) position (7) in a computer memory (9), €) an
algorithm for determining said damaged portions' (6) degree
of wear or damage and for determining whether said worn or damaged portions (6)

20  qualify for being repaired or replaced,
f) a repair station (70) for receiving said filter screen frame
(2) provided with a repair manipulator (72) for repairing or replacing said damaged
portions (6) qualified for being repaired or replaced with replacement portions of
screen cloth (1),

25  g) said main manipulator element (115) arranged for moving the repaired filter

screen frame (2) back to said magazine (1.00).

In an advantageous embodiment of the invention the apparatus is provided with

replacement screen plugs (8) for replacing said damaged portions (6) qualified for
30  being replaced. Such screen plugs significantly facilitate the repair of the fiolter

screen frames.

Short figure captions

35  Screen cloths, problems related to such screen cloths and their wear, and



f) a repair station (70) for receiving said filter screen frane (2)
provided with a repair mani pulator (72) for repairing or repl acing said

damaged ps?btzbﬁnlﬁséog) qualified for being repaired or rep Wl{(;oﬁl(m

repl acenent portions of screen cloth (1), 25g) said naln nanlp at or
el ement (115) arranged for noving the repaired filter screen frame (2) back
to sai d negbedimen{slofddy.inventian aaduema@gémmatedmotﬂiermmhm dedveéngsavidat i on t he

appar at USdr‘a%ersQ%% %%%hm@& ti9h BEE AoPlcY .th@.nneﬁt.arfepl acing said

darmaged portions qua |f|e for Obeing rep ace Such screen plugs
significantly facilitate the repair of the fiolter screen frames. Short

figure capgl P@ﬁow%&@éﬂdpﬂcﬁ%@gf MNERRREARMIQRP4tofe e ERQNEITERI KR @ErekRE
i nvent i on, as such are illustrated in the attached draW| n%é‘ tPr’fG%rlﬁqTr awi ngs

are meant of §5¢ M VBIRaNsePRR TR BRAeSRrasne (10BSCEREN] Afershe Fig.
1 shows Emi Qg s p}ummgﬁﬁeeﬂﬁ odiséreen erthKi1nds frafnestae enbvsm&atﬂea@brah?ker
screens e in vibration e screens) are
shown to THe ? ef " BRY “LHPLA F@ép% eﬁﬁ’P?“'?EF%g'ngﬁ Fgfscrpgé:ﬁ%gl ?r(ef) in
frames arshaphoamnch as hé»cagpngihﬂg Suitihsteatbs amgnm;ndcampmmsaesclé)emframe with

rect angu!ﬁcr%&’n Roth, T i Mﬁr@yre?t' aiful E?‘Xr‘?d Qltté}%u?é‘g%ﬁ\?mﬁ#ﬁé%llé &g’f@gona'

Fig. Ibillustrates rou screen en cloth,
here YhowHustratas aé@tcmfgun@artmdca&red @y reemid serelgax Bigoldlaghowe|al Rookmitge. | ¢

10i | Iust rad-&s, @.tha@&gﬁwméngkha%sﬁbé %d@yﬁ%m §r‘3§|ﬁfﬁ9r miakdtial | §F sHhows a

hook strip screen wth rectangular cells that be made I n epoxy or
sinilar neftepsivg screen gipthoyith |S\Péd%sl’%b'ﬁt%?%'ﬁhA\fJief%'dﬁltsh%%’baf Fﬂesh into

cell's. A gdapaidgel Hg.SlléQWﬂg GindtHhifustesk fI%E Frbﬁ\eeéégéén EbkexIfRamé scrgen and h
illustrate flat_fra SCreen, .convex SGreen, concaﬁ franme screen,

and rot at ‘for?éa‘éec?é@ﬁ 5F6ere”u§8d r?fa%%a?fs% °'rHa?8H” AP 51 "N BEEWAY at i on

pl ant 5.  separation plants.
Fig. 2 is a photographic image of a screen cloth (1) in a frame (2) in which the
screen cloth in about 40 of the 200 cells is entirely or partially damaged such that
the screen cloth (1) with the frame (2) is defect and must be disposed of.

20  Fig. 3 is a photographic close-up image of cell frames (22) in a generally intact
screen cloth (1) under good particle control, socalled "solids control", which some
wear portions (s) and open wear holes (h) and a repaired portion (60), and a hole
template

(62m) for manual use.

Fig. 3b shows close-up images of support cloth (11) and screen cloth (1) for
indicating the reduction of the property of being able to separate out small particles

which will be incurred by an open hole in the screen cloth.

30 Fig. 4 is a rough illustration of the general process according to the invention for
feeding in used, mud contaminated screen cloth frames (1, 2), cleansing the screen
cloth, inspecting the screen cloth for wear and possible damages, registering the
damages and the wear state of the screen cloth, reparing registered damages of the
screen cloth, checking and verifying the repairs, and feeding out the intact or

35  repaired, registered screen cloth frame(l, 2). Repair may be conducted by



Fig. 2 is a photographic image of a screen cloth (1) in a frame (2) in
whi ch the screen cloth in about 40 of the 200 cells is entirely or

parti al | uch that the screen cloth (1) with t is
def ect ame%@?ﬁ%g§di sposed of. 20Figg 3 is a photogr apE?ch gisalé(foﬁ%mi mage
of cell frames (22) in a generally intact screen cloth (1) under good
particl e exwherang pagceildagthged skiegs cipshmwithlew sdneerhclgtm peekef gontirens ()
and open ug&akaied 62)( 1 aRBMHhBdiRRRIF Bt ROEAddAertfOkere@R Y18l §rd €npl at e
(62m for nmanual use. 25 Fig. 3b shows close-up I mages of “support cloth
(11) and ¥thasgetingtrder to)repair theshakar pergen framedddicti on of the property of

being able to separate out small particles which will be incurred by an
open hole_in_the screen cloth. 30Fig. 4 is arouagh illustration of the
general procadsd Sl denyey of eRembpinentl the pPRRaMSA] i n used, nud

cont am nathednsatt@arfocicetingf tlasmsnd, insp2kting; lregissiring, kdpairswl eaitrallig nd

i nspectin he screen claoth f ar . and. possi bl.e danage regi.stering the
damages a%gé"?' ﬁeo u\?\@g?crg "t '8“& a§ 'h%}g'sé }Seaewsgﬁn(gﬁhc, V'?‘@ﬁi? P nénsdroéjbrpgéteorfgéé damages
of the scingential gtowing treckipacptasidabimet vithragfrerdtdeedipapate, todhd magadineg out

e conducood B <Giaenb oA, el BT R BB G loBh M R et sty ™
damagbd s@rageddPonewwineh new screen cloth in part of or entire cell franes

(22) . I'n gedeyehQfi SIBES s ddmgl rRYSPbE SMbKBPEErEEnssCr een plugs (8) are
exchanged in order to repair the shaker screen frame (2). 5Fig. 5is a

rough overvi ew of an enbodi nent of the apparatus of the invention for
f eedi ng, mbeRNSA BEnildr Nopettit D@w 4Li@1 F3g.69 WitH thé Eqtandti paBelsGemioved | i ng and

feeding oyt of screen. cloths ), . Fig. 6 i sonetric vi of an

erbodt rerihostns AP e TR ek fog e Sapferier SO LR @A o fr ont

f eedi g gdeansing tmie(4pgaaimyéounis (108 ars optimh s1speatidbn\statianc@l20% bottsp,t 0 t he
sides of 10£s Lhalh SLASHIB6 IS 7 Utdng | Hab0R hi89ABL &) o}y and used
screen plugs use uring repair of’ shaker screens. g. Is asimlar

i sometricinvértigras in Fig. 6 with the cabinet panels renoved, showi ng a
magazi ne main stack 3 for shale shaker filter screen frames (2), a

Fig. 8 is a simplified side elevation view of the apparatus of the invention illustrating
20  the path of the shale shaker filter screen frame through the entire apparatus. Fig. 9A

is a side view illustration showing a section plane through the magazine (100) .

Fig. 9B shows the section indicated in Fig. 9A with an elevator conveyor belt to either
sides of the magazine and with filter screen frames. To the right and left side of the
25 magazine (100) are arranged vertical arrays of screen plug magazines for new and

used screen plugs for the shaker screens.

Fig. 10A shows a side view illustration of the apparatus with a section plane through
the middle of the magazine, between the elevator conveyour belts.

30
Fig. 10B is a section view of the section indicated in Fig. 10A showing the main
manipulator element ( ) in level with the lower of the stacked filter screen frames

and in positon to be displaced horizontally to grip that lower shaker screen frame.

35 Fig. 11 is a side elevation simplified view of the apparatus of an embodiment of the



15cl eansing unit (4), an air dryer unit (140), an optical inspection
station (120) on top, and a shaker screen repair unit (70) at the rear part

of the appansfwSsHk the invention. Fig. 8 is a sinpliptira@d8idRe@evati on
view of the apparatus of the invention illustrating 20the path of the shale

shaker filter screen franme through the entire apparatus. Fig. 9Ais a side
vi ew i | | USVERH ANHERS ROy VItiISASEFHAD iretad theferiggievaier pRlazi ne (100) . Fig.

9B shows t.bemeﬁme(yacmmn@&taaéa ihFid-d, M&At%fetbvafbr%ﬁv@oeroemmwayor belt to
ei ther sides of the ﬂ%ﬁgne and wth filter screen franes. To the right

and | eft gﬁaﬁbmé‘?a%”?leea SCreHEPINg (0A9221NES §PFVih K e\)’é’PFf B3 arrays of
screen pl Eig. MRgaZ side :ldvation eun @ifidd veadofSthe @ppafkugs froembbdinehakietilascr eens.
Fig. 10A sid 'eW|IIutrat| n of. the aratus with a section

pl ane % hr@ﬂﬁﬁﬂ%“tmwﬁﬁﬁ € 3CUPRS ?Pe?dgiﬁg)%é?r{'ﬁ%'[}v\%egﬁg? CrVE Or be(I:t3n\?/eyour
belts. 30theigjevat@B is a section view of the section indicated in Fig. 10A

showi ng the main mani pulator elenent ( ) in level with the |ower of the

stacked filter screen frames and in Fp05|ton to be displaced horizontally to
grip thatFipokshamakersesipriridatethe Fig G wbare/niss868REH RAPE LEPOORTY4 9

i nventi onef thadeeddd e rﬂau\ﬁ%éﬂnﬁ@bto'i%%é}ﬂs EWeﬂHchoM&echfa%ﬁerﬂ’h@f%b‘é’énb3| ts.
Fig. 12 is the _section indicated in h the el evat or conveyor

beI t Hh themref theEg927 RS W?ﬂ'@”?&?ré‘g?{“%’l‘tdé "?Péjdafflrﬂ%‘ée WRdUier SHeERe” upper
part. Fi gfrarhd dosvnatothdeectipeattd bfothesidapbingived. vi ew of the apparatus of an
enbodi nent simlar 5to Fig. 11 but wth the section plane nmade vertically
bet ween the conveyor belts of the elevator. Fig. 14 shows the section

i ndi cat edFigni¥isgan 8metrér wew df she bppesdtuatsbawing thbeituqmimrinp/a'rith tfe mbim

section tm%n%b@ouﬁ@rgﬁwgmsaatrg bGUPHEEABinéeP%%‘?ﬂ%?ch%QJA ?ram to tﬂ%écefp'téctlg be SCreen

15 the cleansing unit.

Fig. 16 is a part isometric view in the same perspective as Fig. 15, part isometric
vertical section through the magazine (100), the cleansing unit (4) with the
submerged filter screen frame (2) subject to ultrasound cleansing from the

20  submerged ultrasound elements, and also a section through the drying unit's (140)
dryer cabinet with the vertically displaceable dryer receptacle in an upper position
ready for receiving the cleansed filter screen frame (2) when finished in the cleansing
bath and forwarded by the cleansing unit's elevator receptacle in cooperation with

the main manipulator elements.

Fig. 17 is an isometric view showing the side and rear parts of an embodiment of the

invention. In the lower rear part is shown the dryer unit with the air pump and air

piping to and from the drying cabinet . Above the drying unit is shown the rear of the

repair unit with the mobile repair manipulator in a laterally displaced position behind
30  the screen plug magazine in order to allow for free movement of the filter screen

frame (2).

Fig. 18 illustrates the subsequent situation in which the manipulator unit has
released from the filter screen frame (2),

35  the frame receptacle with the filter screen frame (2) has been lowered into the



10f rame of the magazine. The mani pulator elenent is ready to nove the
filter screen frane down to the receptacle of the cleansing unit. Fig.

15 is an WwaouBRlfikssVi ew of the apparatus showi ng the si pegiNg01i/ddoddi ch the
mai n mani pul ator el enents are about t@ deliver the filter screen frane to

the receptacle of 15the cleansing unit. Fig. 16 is a part isonetric viewin
t he sanme Peingpedinaieandthelig ist®singart i sonetric vertical section through

t he magazmgelé 08 rsoﬁﬁ%n@&u@@rb‘?'tﬁ‘egclggﬂstmd it Yt Biek BR @@%EIGQH |t§'|$v§é}'r screen
frame (2)psu !ect to ultrasound cleansing fromthe 20subner ul trasound

el enent s, aPYoVIEN AL & il SETREB BN (e aRY I'Hgtraling the '(“1@0% YAEr cabi net
wi th the narsiigcald yseltispliveealiepaheker receptacle in an upper position

r eady 5for receiving the cleansed filter screen frame (2) when finished in

t he cleansing bath and forwarded by the cleansing unit's el evator

recept acl Bgi 20 shopeinathesamei gdnsgdteveras ﬁlgrraaia}:futeatSOWeeelfmm(E).subﬁ'\elF@']@ﬂ 17 is

an i somet in 'tﬁe\é' ﬂWat?&Rqulg akhﬁchﬁ%?%oﬁﬂé‘%é%ﬁ% ﬁl‘a{h% cle% sﬁlﬁlL&WS' ment OT the

i nvention. | ower rear h the air punp
and air pfigi dhisan ﬁnd\efrmwewrvétl@ﬁ agazicabnité100) mﬁom@ iredatible sRfS@hi t i s

shown the,d.gad| e@évai&ecorn%\?drrbe%'v&th%étg f&rlﬂ?edTWhét‘?zoF\?é?@i'bE ("EJM gpdl ator in a

| aterally disp Iacedn503|t|on behi nd 30t he scr'een plug nagazine in order to
al | owt orCWé\éornta% e coFveyARPeItY May thusrreesive fillaresqresn framgs (A8 i | | ustrat es

t he subsempahtadlyttHaiughnhé Ehewmpm dhBen&adHin Haatiatonbdit RS 152H6RA @ittef r oM
the filter scr en fr &Né" é% 35tepe frwnge rece(;i)tacle wth the filter screen
frame (2)5%eR BeBES (et Eanepndry 8 H31F B SEPF RSP 119530804 10
dryi ng cathiersatme madipuleor urdt may @idksa fiiger sckeen fidine $2)amsvalyn@htarcingtesw of t he

cl eansi ng M&ﬁe;‘un%’ew F dthgqtﬁﬁéras%tefor c'ilhz tll\ p"g& Io%%?'sé oq l?';lgtat\gllnt hout " a

filter screen ustrating r el ev °or 'housi ngY.; and
al so the tier asound panel s

Fig. 22 illustrates in the same perspective the magazine (100) with several filter

screen frames (2).

20 Fig. 23 is an isometric view of the dryer unit (140) shown partly transparent, with
the dryer cabinet and the air pump and air piping and shows part of the internal

dryer elevator unit with the dryer frame receptacle.

Fig. 24 shows, in the same isometric view of the dryer unit (140), with an inserted

25  filter screen frame (2).

Fig. 25 is a lateral elevation view of the apparatus interior according to the invention

in which the repair manipulator head()

of the repair station (70) is shown in a position having engaged with a cell filter () in
30 afilter screen frame (2), such as shown

in an enlarged view in Fig. 27 below.

Fig. 26 shows the main manipulator arm ( 115) holding a filter screen frame (2) in a
vertical posture so as for being navigable by the repair manipulator ( ) running on its

35  separate coordinate table in the vertical and transverse horizontal direction of the



Fig. 20 shows in the sane perspective as Fig. 19 a filter screen frane (2)
subnerged in the bath and held in an inclined position by the of the

cl eansin ¢ Fig. 21 is an isonetric view of the et t (100)
W th theg?§3b§‘1§%§ sets of vertical glevator conveyor Bﬁﬁts Rp?ng?ots
formed by horizontal ribs ( ) on the 10conveyor belts. The conveyor belts
may thus rR@satye. This sibwatiord emedarmoder (ePpirtebthe biteradcreentfiemeagh t he main
port and ﬁtzr)@vrméh@e 9RO ! PARE ()M ds BERK ih&becllauh dbldiliRine GpG@N it (2).
usual |y cl éaned, dry and repaire t he upper set of s and the sane
mani pul atBPtiemi12Gkay pick a filter screen frame (2), usually cont ami nat ed
and dripping of nud, fromthe lower slot forned by the two | ower sets of

ri bs at é % tinme. F'%. 22 illustrates in the sane Pers ective t?g
magazi nea’? 0% ? Bherab ey ations yiey of tie:repali PaTipriator 89 thesep pig staskon; (<O
i somet ri chasigyendagebevith y earti¢niak céllﬂ@ér iaNeaWItpagcréen framagpRready tod th the

dryer cabrnet a i ping and shows part of the
i nt ernal rmyoevr('e 'pﬁevgt%&pa %ﬁp# rvﬁeﬁﬁrat'We 2(}Byer frame receptacle. Fig. 24
shows, in the sanme isonetric view of the dryer unit (140), with an inserted

25filter lﬁﬁrf@QthUsam:é r@g%fr n@ngpmgtﬁr h§v eﬂlwrmmﬁr\éacﬁeﬁl(?ﬁeY%ﬁavhg mbhe
apparatus Tnterior acco to the |n repair

mani p\¥ atRieddhent)of the Pa"tGﬂ'atflﬁé" frepei (rzzaspatrredﬂte(rrg)eenéramﬂ)mn n a position
having engaged with a cell filter () in 30a frlter screen frame (2), such
as shown |n an enlarged view in Fig. 27 bel ow g 26 shows the main
mani pul at'dg- &3 iH " 'fi‘%ftrrfo‘f'ﬁ‘i"r?ét%? FEPRIr dpanipyalon hepd ePYsHon 97 a verti cal

post ur e sapprSadhirig thei seeeenadiotgdlnl eachyvf hhesdigpaifiitenedi sudbafity tdlan) runni ng on
its 355eparﬁhfﬁ%999€§nate able in the vertical and transverse hori zont al

direction 8f° hdei? PB508PCT/ NO2011/ 000094 11 apparatus. This
si t uatsi on of preparing for repair of the filter screen frame (2) wll arise
after the [ ' (W' | ection
atati on (13070 cipegGeF] of BRERZHRdnadlaialhnted Snd gl 6 eet BSP

mani pul at or of the repair station (70) having engaged with a particul ar

cell filtgg, 3ﬂ|st3??|sf>r'nbgr?crvu§\9rsﬁ@ﬂmtgrtﬁ@?eﬂa%’) mahiBa@Yorl @25 GiERURe épdir oM t he
particul ar cell frame
manipulator head ( 2) engaged with a desired cell filter (8) in a position (7) on the

20  filter screen frame (2) determined by the image analysis software of the computer,

Fig. 32 is the same isometric perspective showing the repair manipulator head (73)

parking the so removed filter cell (8) in a free slot in the filter cell magazine (110).

25 Fig. 33 is an elevation view of the repair manipulator in position
corresponding to the situation in Fig. 31. A section plane is indicated for the section

shown in subsequent Fig. 34.

Fig. 34 is the section along the plane shown in the previous Figure 33. The repair

30 manipulator head is about to extract a filter cell from the filter screen frame (2).

Fig. 35 illustrates in a rear elevation view of the apparatus according to an
embodiment of the invention, the filter screen frame (2) moved up into position for
being scanned in the optical inspection station (120). A section plane is indicated for

35  the section shown in Fig. 36.



Fig. 28 shows the repair manipul ator having engaged with the cell filter
and having 10pulled it out of the particular cell frame (22) of the filter
screen fr\@gg {;ﬁg Fig. 29 is an isonetric view of the F‘P‘éﬁ‘ﬁ‘f zof'i'?dﬁbtﬂﬂl at or
head in p05|t| on Y 8r approaching the screen cloth (1) face of an 1sol ated
filter cell according to an enbodi nent of the invention. 15 Fig. 30 shows
anot her view of the repair manipul ator head engaged with a filter cell.

Fig. 31 igg ad LRae t{e% }’é@Wnt‘ﬁﬂRWﬁﬂg gé?&?{{ﬁgm rzyﬁg;'veyl pt ifo dobhi ongrh the

repair manl pu at or engage a desi 't er

posi ti on REi)g seAnnkd ino1e prtisel kepewtioniskating (12§)-det er ni ned by t he i mage

anal ysis software of the conputer. Fig. 32 is the same isonetric
perspective show ng the repair nmani pul ator head 73 par ki ng the so renoved
filter® celif- %é‘) shayvsinfipraelsicotiew the regairimanipulater | 7%‘@'&'%%'68’?10). Fig. 33
i's an el emahipanator 88dQf735 Rethrigp@intranpairpbd &t kdy (73) paghdd With aditeegpiondi ng to
t he si tuaéd' on in Fig. 31. A section plane is indicated for the section
shown in Jbsequent Fig. 34. Fig. 34 is the section along the plane
shown in the previous Figure 33. The repair 30mani pul ator head is about to

extract i bt | LT N8I 6 S6E PG 6B 75) QunTfe bbdiot T2t o2

in a rear evalon atus |rren of the
i nventd onmanipglaterd head (I3) ceare fin amrexi(emiedmmtiomp\qvm oy |@05acmat§w ihdhebei ng

scanned i En%m%ulﬁt%lr deDREES3)Y, @Hgﬁe%twmu(elf%@r ceﬁ\<§f~‘ct' on plane is

i ndi cat ed or 35t he section shown in
2011/ 115508PCT/ NO2011/ 000094 12 Fi g. 36 shows the section with the filter

scr eent f r:agﬁfi@}urmy%dowe il 9tsm1.ﬁg§mAéw e ﬁe@é.rmmlft@am@dmtmtﬁéﬁ@pem i cal
|nseC|onsa SOWSII’]ISOITEI‘ | alr
ot ol o DR PR Rk PR Ve Tl sl (oo fefcleldaE ey ol 1 y

arranged toewards/ehe rapaignehipvlator g7X)i | ter cel | (8). Fig. 37B shows in a
simlar isometric view the repair manipulator (72) with the repair
10mani pul ator head (73), here in an extended position noved by an actuator

in the repai BBMIMS@aueataonopd/éaw obthenepair oregégdatond 14) wittethfeifepair cel | (8).

manipulator head (73) in an extended position and engaged with a cell filter (8).

20  Fig. 38B is a section view of the same showing the central key
(74) in engaged position in the central lock screw (81) so as for opening the lock

mechanism of the filter cell (8).
Description of embodiments of the invention.

The invention comprises an apparatus for cleansing screen cloths (1) and monitoring

wear of such screen cloths (1), comprising:

A magazine (100) is arranged for feeding in used or contaminated screen cloths (1),

30  particularly on screen cloth frames (2) to a cleansing unit (4). The screen cloths (1)
are usually made of steel mesh but may be made in other materials such as
composite fibre cloths. The feeding unit may comprise actuators (115), sheaves and
guide rails arranged for displacing and guiding frames (2) with screen cloths (1) from
the magazine (100) to the cleansing unit (4). The cleansing unit is arranged for

35 receiving and cleansing the screen cloth (1). The aparatus comprises a dryer or unit



Fig. 37C further shows in a simlar view the repair manipulator (72) with
the repair nmani puI ator head (73) engaged with the filter cell (8) having

been retrgagt, 15towards the repair manipulator (7 {
illust rat‘gg g {op \§/| ew of the repair ganipulator (72) w %}jﬁﬂ\{:(*%gnr@g@i“r

mani pul ator head (73) in an extended position and engaged with a cell
filter (8)L4020petpral@gBniar blowecdiyen ari'amgedffout preparangethehaaveameciothg 1¢ ot r al

key (74) %}ﬂ’ﬁ%ﬂ%@ﬂ@&m QR 'aE'o%ﬂlgélrététtb B@gclr F&?g?l%ﬁlr §He GRBF n3Q as for

opening t ock™ mechani smof the Description of
enmbodi nen§dNRIISethEaN;, ARATIR, O .2 ﬂrh&sanze@rmn noazle anfanpe@ fordrovaipp aitaanis ther

cl eansi ngséséreaatrplA%hﬁm(vé%y Bin B bRA ok ik WBQ%h@%@g@@é&% Rlagt hs (1),
COfT'pI’I SI n%éaA magazi ne IS arrang ed for feedi ng In used

cont an PREEH meaCH%en(ciyth sy@mquc'maaﬁaw Vet %w@rﬁw&wgm SOr3ieE ( 2)

to a cl easgiidig Waiihg (4 dry THEesFedre@tthBbedddhé Iispastonusual |y nmade of st eel
mesh but nay be made in other materials such as conposite fibre cloths. The

feeding unit may conprise actuators (115), sheaves and guide rails arranged
for di spl Bwd ogticahohspedtdinrsgatiara(t2e) (t)theistriees clogte (1 ok alitsndtic) Theom t he

ragazi e (LO0koh QNS ARSI WALl ond BEnf£805LAG Hitlonl 36 an0ed

for 35recei e dCree aratus’ conpri ses
a dry#r oiiheuiﬁrften M@hZ(Olenﬁl@-Q(SBP@W NO2:0EL 97 GOOD 9the Jlafriage) pomQ!fSe(ﬁ:hbl y an
air bl owelgosq{r%er arranged for preparing the screen cloth (1) for optical
inspection in an optical station glzo descri bed bel ow. The dryer may
conprise & f4n7vh IpamEmndineny ¥ inveationthe aryical BSaRGUARGEFIMOI 28) owi ng
air onto écfh@pr%&%&ﬂe@é&érlﬂen%é\@d’en@tzf) V&leiserarsm% daﬁﬁatas@m%naéctweo a

hot ogr aphi ¢ i.mage capture ace th the screen ot h bner ged
IR A SR e St A ML R S e

screers clatdpdsfode dedriee of dspage odane Eﬁl‘]&loﬁepbil maldalni@pecpronmnss(sam on (120)
for he SaRen SR dbbal Sodul ARG oFELIBRSENAN S1ALLAR, be 8Fr anged
more of the damaged portions (6) The
registration of the repaired portions extent may take place by a post check in the

optical inspection station (120).

The invention comprises in an embodiment a feeding out gate (102) for feeding out
the repaired screen cloth (1) from the repair unit (70), possibly indirectly via the
inspection station (120) to a stack station (30) with a stack (3) comprising cleansed,
repaired and checked screen cloths (1). In an embodiment of the invention these fed
25  out screen cloths’ repaired portions and new properties are registered together with
an identifier associated with the screen cloth (1), preferrably in an identifier tag in
the frame (2). The screen cloth may also be so-called "frameless”, i.e. that the
screen cloth (1) may be arranged for being attached in the vibrating shaker
apparatus along two or more edges (8), e.g. by so-called "hook strip"-edges, please

30 see Fig. 1d, by means of corresponding edge holders (80).

In an embodiment of the method according to the invention the screen cloth (1) is
fed in from a stack (30) in @ magazine (100) of such screen cloths (1). After
cleansing, inspection, registering and repair, the screen cloths are fed out to a stack

35  (30) of such screen cloths (1), preferably to the same stack (30) from which the



10t he screen cloth (1), and registration of one or nore of the damaged
portions (6) position (7, 7x, 7y). In an enbodi nent of the invention the

opti cal 'Wﬁ%ﬁt/h?%ss"at' on (120) conprises a neasurenen&,cgl@qzﬁﬁj({o§&,
a

preferably a canmera (12) connected to,a conputer with an analysis
algorithm for neasuring and registration of the extent 15and possible
degree of uztdimagaoiinaiad soremolothsofererrtored nmigalty . foiFtd. dribe(sGyck oA repdisdquent | y

arranged f6pa 55m%5t4f¥9% (%pso h@%mﬁ%prn tRBL aeg.eq&oamﬁ R RAnEr Tore

of the damaged portions i'stration o repaired portions
ext ent megeImKePFHredcecresn eothedd) WHU@RPPWFt'%Q‘%%ﬁW%&qaCK M’é‘tfé‘ctthiebweé‘% ation

(120). 20st3bed iRMLiNel %a?&?ﬂ?rﬁirﬁ%&chfbr%@vn@@hpdier@%ra@ui ﬁ%@'lﬁ&c&@tw@a{ e (102)
for feeding out the repaired _screen clo 1) fromthe rep E\ n|t (70),

possi bl y $RERT eetsyvRis a'ieh‘éseftﬂﬁfefé'fﬁhﬁﬁn‘é‘f%ft'irﬁtr'P"(irEbﬁeptaéatSt °'§'t ation

( I30) hwi E hsugthsicsl didhs wmrshﬁuwgaes:djuemeplby Fr%lBlah@ eddaadcmbeusk&m saeeeen

cl ot hs i Men Qut screen

cl othe: | ruphe P gPP TR Sher HaliPopb B eLb hap SRl Grba P tsslet nor wi th
an i dent i aperataydoc sdpechtaif¢du-oltestads een cI oth (1), preferrably in an
identifier tag in the frane (2). The screen cloth may al so be so-called
"franel ess", i.e. that the screen cloth (1) may be arranged for being

at t aclfed Manua@bgervptien and gieakeemgppar at us al ong two or nore edges (8),

€. 9. by s@nepélatst mEPesndiict {n@uaIe?ﬁigﬁ‘eétlorp1>f9@‘i§%cz?teQﬁ%‘l?ot’w:'(91‘| dnd cofudrmans  of
correspondi ng edge hol ders (80). In an enbodi nent of e method according

to the inPaREIISACIsHECBRMAL Homaget PeTonss() &fte™y from a stack (30) in a

nmagazi ne érildJQasuwcfn @Mﬁbn@eé’geﬁar m.sotnhfrn{abbn \Nswnnsfpleemrsmg bel goppE6t | ON,
registeri t he screen c to, a stack 3%{30) of

such scrée eE‘f ’69 H?R’?ﬁS‘?mB?%P%?QBW“BV& 'f'ﬂgf'ea%tosatsa%ﬁé ft’@dia"?ar%n‘?%‘iv t he
WO 20151/ 1&&5689@%N@Blﬂué@ﬂﬂﬁlgnugmszUS;ﬂdesoJMrarrmnae@tb shgeeenfind otk wer e

eLor o & it o Bfod o aR AP g BRLEREL L Lo G BRLL of L1
repaired @‘@h@@nablr’tatnhal heasueinent efppear or markhalagwged @patqnswﬁb gktenhey were
f%gf‘égfe' %?om%te%p&ﬂ:‘h@éh'éof 400 B CRIO feAR¥teC@ 2] UBR a8 RPALE e TRY
Fig. 3. Such a hole template is mentioned in SPE103934. The hole template (62m) is
20  transparent and comprises a series of consentric circles (or ellipses or rectangles)
with given areas, of which said consentric circles are indicated with their respective
areas and arranged for being overlaid onto the damage or the open hole (6) and
thereby indicates the area of the damaged portion (6) and its status, such as the
degree of wear or open hole, and its position (7, 7x, 7y).
25
Computer controlled observation and measurement
However, in the present invention the optical inspecton station is arranged for
photograhping cell by cell and analyzes damaged portions' (6) extent and position
(7) in an algorithm, and registers this information related to the identified filter
30  screen frame. Such data may then be registered together with the borehole depth or
the drilling interval during which the screen cloth (1) has been used, and the
identifier of the screen cloth, such that one may monitor the development (or
degradation) of the screen cloth (1) during the drilling process. Carriers for such
identifiers may be such as an RFID-tag (which is known per se) which may be

35 arranged on the frame (2) or otherwhere in connection with the screen cloth (1),



5screen cloths which are useful for further nmud filtration and separate
those from such screen cloths which should be di sposed, by marking or

di spl aci ngousfiiksogcreen cl oths from di sposabl e screen @b@ﬁmmﬂj’ooﬁg@ed out
screen cloths to be disposed separatejsy to a separate feed-out stack

10Manual observation and neasurenent An operator may conduct visual
i nspect i offiGRFIEGeiB@Arr@naechfof followingialepdifbtand igentifalthebasen efEht of

damaged par tanfésnar(dGr}or%b%Ep&{a%gombtémrazab aram,ea e 'aﬁﬁaﬂétllsbé )
i nformation. Visual SF‘b t| on na bser vi ngew si bl e damage but

may prove" DGR &g F‘if?%rhf'o Lysssss: ¥P?Féb'gé%§@ W@ Me% o8 dpta FROUE % en ¢l ot h
due to therddrgtlop(l) @Al itsearhe!{2)0dhd thgWoh@itioh of EsEF&eh dlothe( 1yEShe syeen

cIoth The ition y I‘SI coordi.pate 7X which are
or t hogonal. ke Elce{Fe'?ngém@rPé'ﬁt ﬁécaY\PHbe ”sﬁli{]gs ﬁéﬁé\'gcé'a pgﬁ% of 858} 6)
ext ent bepart)ddtsczteeﬂstbpumansIomrfgeasamﬂesabdvenlchtﬂre tenpl ate (62n) such as is

il lustrat .inO %co?’npr?%?hn 8n me%dtrﬁém(?ﬂta%térﬁa{@%da(?&%g aEnll Fﬂ;@&?’%34 The
9

hol e tenp ransparent an rrses a series of consentric
circles ('ij@ %Iamj ugher elpberetmaptespted @npagatv@ﬁsah@a@m BBsvhiGandai d

consentr '&w@dr&@' .ﬁwﬁ&ﬁmerwtféaat.ﬁ@bé&.wsttafaeh r(m@sg%%u.&e% @rueesd.ﬂm arranged
for be|ng overlaid onto ana e or the open ere

i ndi ct es af‘Pf’é'aéﬂ%ba%?”qqqemﬂng‘@d"}?@fetc%wr?%()l3&|‘P83F {es"srs‘i’"éﬁ‘ﬁfsmo%‘&fﬁ)('ﬁs t he

degree ofdam@gedoaoraw(d)cane sté@ivey ihbose p@&at.hcu@e(czptuws (1B3))in aZanfeeaput er
controlle servati neasur ene resent nventlon

The opti cpPERERbLAR A SRoREU S MR PP Rea Bl SRRty cel
and anal yeeserdamagedagiord {13)s$h tl(eﬁmemohenttharmbnmmsert Denicés Joricanductmiggor i t hm

and 1 €01 SHELS ABiRed (AU SIR15 %S Cartlis HORDE) LS dohichs Sl TgRer con

frame. Su be r ere oget her epth or
t he disi | Ithagmiane ewalthdmrimlglmsm defyail stcw@zm QfIWi"taIﬁ IS(s_qughtam theemageed, and

the identdfhek sehrchig @PE%%nCrlaQ%@of e sntzg"’i’ﬁ ar‘?r}ﬁaél@é(nﬁ@l@bﬁrﬁfn& ing
devel opnment (or degradati on) he screen during the drilling

process. TAVEERAINEHrSiZQ peongBNET PisEiegn gioyh K)b) %W%%era‘ﬁem@tag (which is

known perbes@%guv@td:@ sﬂﬁ%rb@lo%@rﬂ)%MQSICQI&UB@%J bE@@BexXtént & a BkhBEathgeg i N
connect i o een 2011/ 115508PCT/ NO2011/ 000094 15
i 2 S S 0

sai d RFI [9 Séfap%'él >a='r{51e'as P%‘-‘t’“‘?’b 312075 13 'HRGei2gaNEEy t he

screex cleaigmmeer; such equipment is known per se.

The camera (12) may be an area camera capturing the entire or part of the area of
the screen cloth (1), such as illustrated in Fig. 35 and 36, or a line camera arranged
for scanning line by line of the screen cloth and reconstructs an image of the area of
25  the screen cloth (1) in the camera memory (14) or in an algorithm for reconstructing
the image in a computer memory (9). In an embodiment of the invention is used a
camera (12) arranged for photographing each filter cell (8) separately. The algorithm
for the registration under step (c) with registering of the one or more damaged
portion's (6) position and step (e) registering of the one or more damaged portions
30  (6) extent and degree of damage make the calculations in the computer and the

registration of the calculated data to the computer memory (9).

The algorithm may generally identify intact screen cloth (1) and cell frame (22) with
its cell filter (8), either based on colour,

35  grey tone or even actual optical measurement or image analysis of the image to get



(1) on demand from correspondi ng RFI D-equi pnent arranged in apparatuses in
whi ch the screen cloth (1) passes. Possibly the RFID-tag nay store data

about theyaehensskoth (1) and its franme (2) and the copgipiNgd11@fodoze
screen cloth (1). One may 5take the sgreen cloth (1) out of the critical

line of use if its actual cut point or actual particle size distribution no
| onger saf?'dfof Ehe Fies fize oF marei tickmess if HipeseMmasn resohgsionda suifigiegHy Sighodi ment

an aut onabelsaranearr@huﬁu&s stﬂeleH%Iortla"(ﬁﬂwlllrbeFé @orr55ca€'é11 aoimat)fwraneip@bor ate
automated a ratu own in Fig &)&
optical i ngp 'ECE'?ofFSe?f a‘f’(? 69 PIétﬁ‘F'ﬂgsa’b?rﬁélaaéd“Wf'W o ‘H\“@?'V ar prb’aWé‘ (12)
Sr ranged éaarrsermiesungupmgaoﬂammrmr bérab.d tie &redreastn (qr)eTma" algammnmfnatyhe
anmage, ortl.on orin 0 e Ca a
oo e ol SPILTR dbleky R Sng c2Eaens R EnRL B bt ARYSS GRFMERRTS hSed for
storing témpacatwe’rdgenithgefoc aptasnengd aac) régisteieg nerheroneafr rdre deomguetier .
pov ces IREREECIdDG bITOS GIPLIE TR dridhed Rl HIAIING RUBBald dre camera

menory (14) and f'or ana ysi ng I'mage “gi ven ne knows she det ai |
st r uct ur ed¥Pagehef theglagmggHtportien (f8 angengssibletrpkesclatdarm bﬁﬁ!ﬂ@rlﬁam neayyi ven

range Of ﬁ‘]‘?ﬁm'ér %b%‘?ra'n@ed’ifbr'dgﬁﬂf‘atﬁa%g'cm?ﬂ%duﬁ‘i‘ Qatd Bopheitiasi: Astiahosi ze
belon to a screen cloth (1) and anot her nmesh size belonging to a

suppoft c?fé‘irﬁhﬁii‘?a'éﬂﬁs BeAncTPE®ei ng the areal extent of a disclosed area of
support cloth (11) and its position (7, 7x, 7y) is a task for an inage

anal ysin 20e i heer ui p The caner a (12) may
be an are Y T, PR PR o BB R cdPEIS ™ ne o) e
cloth (1) meesurbmast of ﬂhtesiamﬁged pontidfi'g(6)3xtamadndGhape iratHei foem @fner a ar r anged

for scannh?g%krﬁeofl%xe dEHw% Phng(éfsscr een cloth and reconstructs an i mage of

the area o e screen n the camera nenory (14) or in an
al gor 1% hnﬁﬁf)cwamef@onsarmtanﬂg repeir¢delge thershape efihe é@mmﬁ)wtlpg)s (6)n an

enmbodi mendirRnfbRAct @B td §n BSHdithen@BBLR thddbddlifiRRGRABR of the
phot ographing each filter cell (8) separately. The algorithmfor the

regi strat‘i"?:?noru’ﬁ'éléerd%’f‘é%eo(%)rt'ﬂﬁ‘ﬁh regi stering of the one or nore danaged

portion' s(g)fbsitieni(y) eAd fﬂd’e@k@ﬁtnéﬁ?bf fr@%r&t&rma@ dHrréédgzgl p?ﬁficg?lﬁ (()ﬂpéﬁﬁktagzged

t 3 t ent
P ompus or Slfhosaree PLREas PoaTBRS ine Meseueat i bl HcrineBt b ut or  mamor y
(9). Zhe mrgmlyldrhmmrm;dygeaejoaipluyen rdembryf §9)ifort stotagecTieeme datanday(de and cel |
frame ( 22Qthgdt{£ ést f%r %SJng re|akéoe{ Eg g)ameeAutrnt%r o{?%%l?eq lg&tcf%lr %{'rthe?ﬁc\%e gze;t one or

even actua
and real tume well data such as the actual dnllmg depth interval. In an embodvment

of the invention these data may be stored using the RFID-equipment above. If a
filter cell (8) is to be replaced with a new filter cell (8), no calculation of the size of

25 the damaged portion is required, only the position of the filter cell (8).

The cleansing unit
In an embodiment of the invention the apparatuses’ cleansing unit such as
mentioned under step (b) arranged for cleansing of the

30  screen cloth (1), is provided with a nozzle (43) arranged for flushing cleansing liquid
or steam towards at least the upper and preferrably also the lower face of the screen
cloth (1) or filter screen frame (2) with screen cloth (1). In practice the drilling liquid
which is released from the screen cloths also have to be flushed away from the inner
face of the enveloping cleansing station. The cleansing station may be arranged for

35 arranging the screen cloth (1) or filter screen frame (2) in an inclined positon, such



WO 2011/ 115508PCT/ NO2011/ 000094 16 hold of the mesh size or wire thickness
if the canmera resolution is sufficiently high. Departures fromintact

screen cl‘gb%{l}l)l%y Wl !l be a worn screen cloth (1) or an 99’?{&%?19005'@' e,

identified e finding an area angj, intensity of entirely or part
vi si bl e coarse nesh support cloth (11) in or behind the screen cloth (1).
The al gora Hastnated Hnbigk Swilttinglttedbtshing aandd:lesalsivgl rrodasg so lae for ¢itttandof wor n

portions :%%a‘?@@éf QRtifss mw?u@eg%@g&gen a'oap(i)t H*Hé Begaraﬁgsa&aaagqg%d

regi stering of the one  or nore & ee of wear may al so
be ar r angd§ iPvintiealic arefeiraR)y Previ Ylﬁearoﬂlt@awgbwéfat% 4d2fRgeed fSrti on (6)

and possibetidgakescekRlbtn Ihﬁd@h@%btﬂfagh.naxénwetah% Beocaks angladr for
calculatln t he cut point curve oré(g_artlc Si ze (t;rlbutlon 10after the

repairr ha@H5REh NfadeA N SHIgeP RE R0 NQRCBFUFIRY Y"Ghﬂtﬁérqn?ﬁ/@r?t'? grsiaRsA on an
enbodi Mmendpecatiiy USderRSatIoe Meitd a@;fgdehmsdatdsma@@dram@tdrmmgSm(JB)anexn&n{gsand

ren, anc g DOl RaERERARE Bnagdt of racHaRRbi MRabehrtrapafsl '

ci r cunf ertheceandiovgqrdigsg. t 0 an errbodl ment of the method with registration
of the one or nore danmaged portion s (6) position (7) and (e) registration
of the one or nore damaged portion's (6) extent and degree of wear or
danmagl), thellnesated dnEis S e lPparatusorrderstinaitoaardembadimeotpt dhetinyension is

indirect|arrdRyed eoEaE ﬁ{e ﬁ?s'ﬁﬂ{gyur(lp?%f)QBn’r%?u@ésa&eleas-Erhel%‘%a% GedMWithe Stored
so as for_being related to a frane nunber or other identifier for the frame

(2) and rfsning RRzz|R€1 | data such as the actual drilling depth interval. In

an enbodi @snidirettet e 1433V e3Wdradnk TeGeofdat acieay cloeh $1)0 pesfetisbip®othgides.
RFI D- equi pnent above. If a filter cell (8) is to be replaced with a new

filter cell (8), no calculation of the size of 25the damaged portion is
requi rsed, Thmpbryoces’fseacpmsiinrtcj onthefintdmeiohi | ter cell (8). The cleansing unit In

nbod ; i i h
mont 1 oned Ao &g R DR 8 iR EORUAINGE rerll SR RG AN oPHED B )
is provi ore@"wrmaleedrﬁyzqqreclqt@a)l)écvrrraﬁgéwnrgomearrlqﬁlhﬁ peyeen elatsiings ! i qui d or

st eam t oVRydacéd by: ea"i)sfhetélﬁ)a%Q?Fee%@%rWa?é ﬁrdrr@PEc‘/reérlm S_Btﬂbﬁ bFEf@rrabfyace of the
screen cIoth (1) or filter screen frame (2) w screen ¢loth (1).

practice o adﬁ?ﬁu%a!tﬁaw'ae'\xmwaf'é frog) E‘&s‘éﬂs'fj? om the screen cl ot hs al so

have 10 bg Ffdeu&i@eid tadaytyf svgert fieth nehdfcaeasial of e sdval apinn@)eh @ansi ng
station. The cl eanszégg station may be arranged for 35arrangi ng the screen

cloth (1) 94U “Bereen frame (2) in an inclined positon, such
-c) Preparing the screen cloth for optical inspection after cleaning, preferrably by

drying so as for at least a superficial
water film to be removed to a sufficient degree is removed before the optical

25 inspection is conducted.
d) Optical inspection of the screen cloth (1) is conducted in the optical inspection
station (120) for identifying one or more damaged portions (6) of the screen cloth
(1) , and registration of the one or more damaged portions (6) position (7). This may
be conducted by a high-resolution photographic camera. e) Measurement and

30 registration of the one or more damaged portions (6) extend and degree of wear and
damage. The measurement may be conducted by analysing the image in a computer
using a specialized algorithm for detecting intact screen cloth and discriminating it
from worn or absent screen cloth. f) Repair of the one or more damaged portions (6)
and registration of the repaired portions (60) extent, also here automatically in the

35  inspection station (120). In the inspection station the inspection may check that all



WO 2011/ 115508PCT/ NO2011/ 000094 17 as illustrated in Fig. 5, during the
flushing and cl eansing process so as for dirt and remants of cuttings may

run of f t r gcloth (1). The apparatus according t on is
preferrab 38/ gfl(/)@? ed vith an ultrasoupd vibrator (44) argrjtegnge W&HM“

vibrating the screen cloth (1) during the flushing and cl eansing process in
order to @nme@maﬁmtcaledmibegnppmw aThthas theeapaokdiaheawt dreps §6@)r ane

(1) s deshgnRLLdRiaORRF Bhé BSLHST) b BIAId DR ddbdon ! ORES tHERLST

separat i % i ng rru and cuttin hus be further
darmaged ofevasialystdralagithiemay vees, athﬁrlsparuhéﬁ§eercqrr¢e'c SHHS PRGORY ocess.

10As i || usknrt &th mdy I(z)'ngnhe @aglg%f @@@p@ﬂé@n@@t@r”e@rﬁﬁﬁné e @NbaskihBeaict of the
i nventl on is arran&g SO as the flushing unit % 8”?“ ses .at | east a
1A 'gast

rotating & APtH @Hlaﬁegn%ﬂr BNk ae)awmtrré@r@arteﬂe BRQR d%ne face

of the SCﬁheejleamb@di,M(ﬁrb)andm’oeﬁleryrr@bbn‘;’ecbﬁﬁrberﬁtld&ﬁ(1)15:—Tthhe q@ntme&sr seear di ng to
the i nventjon aordin 0 the i ent n, the s for eansi repair
and regi st raFl Srp°t"r?§t \%?rr‘iearfn?{/b ?)5? F'élat é%ﬁ’ 4 d(s)??‘f’s?’i’ﬁ re‘fdgfe nl\ﬁér}lgfnori ng
wear of tdmpasity ebthecdntiréd fi(tdr) sdreercivamad@padpyne ajay Trase appacet desnégssids f or war d

adrty Sﬁge‘?{‘clﬁﬁhogfi of %b np%ﬁfvﬁérg%&fh&{ %’F%% é&ﬂc"i) oPHrffef”ér&?\ﬁe%"f\“ vely

manual | om the outsi screen oth (1) and
cl eanki ngaffﬁCt'ﬂﬂé’OQ'tﬁtete?P'@il adrPSOLforithe an'ttﬂee‘d?%ﬁﬁ@eurﬁ'iatme( @): c) Preparing the

screen cl@f feeifg &Rtthgéleahﬁpﬂ%b&@d%BE?JosQBI?@QbJIEbd &F@é‘neélét%b('ﬂ/ by drying
so as for_at |east a superf be renoved to a

suffi ci en'freffég?bé\éthesscr%%w (Béf%freé quf o Bﬁchéépoksqrﬂgfﬁ'éﬁi filber $6e8Snduct ed.
d) Opti Ca&leérﬁ%@%@rﬂlr@iUZygfor]EfLMheﬁ'Qfs@eN ceh@ired(fédihg .rcaaﬁlsbehe@latg RidIearmpt i Egl)
i nspect i tation or t n ne, or rtions
of the scgréggﬁgcqugfrﬁg‘f% gate (&Oggg‘i ‘ilt{f’i%o e&factkr{gBL 319%6 Wfa ?r'iaged
portions feédlingasistrieen clofhs (Ifhing hyeyneb&he eradki¢B@)dmby receivegiheraamked,i on
phot ograpllgg eccégrge'r osg‘%l Measur enent and 30regi stration of the one or nore

darmaged portions extend and degree of wear and damage. The neasurenent
may be coegaiceacragn glothsySl) gck treavaitable frae sotsampha er using a speci al i zed

al gori t hnyfar gjﬁt,,e@ﬁé nggbﬂp,@@{o(ﬁcreen cloth and discrimnating it fromworn
or absent screen cloth. °f) Repair of the one or nore danaged portions (6)

and registration of the repaired portions (60) extent, also here
aut onat i cgl érye.inaoa.hen%r ﬂﬂlﬂ@iﬁo@%c&ér@tﬁg&@ tbd Zentibm oh@%dyrtﬁpﬁ@tdr@rbrSt ation

the | nspect ore _Lleps Yf) wrt%creparrmg onelor more of the damaged portions (6) and

registering of the repaired portions (60) patched or otherwise repaired or replaced
areas, as the patch may comprise screen cloth, measure and register the area of the
repaired portions (60) patched or replaced area (both from the current process and

25  from previous repair processes conducted on the same screen cloth (1) or filter
screen frame (2), and thus calculate the remaining, intact proportion of the screen
cloth
(1). If, as in an embodiment of the invention, replacement screen plugs are used for
replacing damaged portions of the screen cloth (1) of the filter screen frame (2), the

30  entire area remains complete after repair. When these data are registered together
with the screen cloth’s (1) or filter screen frame's (2) frame number or other
identifyer, together with the actual drilling depth interval drilled, lithology, etc.,
obtain an insight into the screen cloth's (1) drilling history and development of its
properties such as cut point and PSD over time, and may relate those to the drilling

35  progress. The operator may futher have an indication to how long the shaker screen
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conducted and that the repaired area or areas (60) actually coincide with

the posi twe%lﬁﬁ%ﬁ)@f the damaged portions (6). Under thiggy @gﬁg 19@9094

anal ysing algorithmmay verify that tfye repair has been con wth a
proper result, and may on the basis of the repairs and the remaining intact
cel I's witmay msicluripg dsesa it Hust $eppldtocdlring thiealriley prategsoBasedperr Hvet er s or

particle ﬁkﬁﬁ]a@.bﬁtawtugh% p%rf cB&SF%Ib%a&f‘% ¥ ngeﬂfésh?&%%@nyfrsrﬁgel red

screen clo e entire ter screen ortant here may

be to cal @dltﬁ? @pﬁft@éorn\@%of@ﬁmn 19684 insliqation e bey |y UWESCC%@@&&?W“@Y lashanéntire

filter scaeQRatl JiEof(dn-tAse RRAITBbNBNE BMf%Q%td@H@\gQﬁ:n&%ﬂ egfxicdot h (1)
of one nmesh with another screen cloth él) of different mesh Oaf f ecti ng

both cut POPRRIN&NePBEhed Mdheuring stee (Rivithregistiatian of F%E‘rrf,@p(ai‘;’ PgYti9P&edi ng
out the clemarsesht redisteeedadinadatadesh bhy diilBpgipFedss gueeas M ahith(tine

Pr ef bl th (1) i

i1 ter scrbans F dafeea shacbaly of uhen dPilie el hARE sl ke stthg i n
t ranspor t clgt @) 26 Prempeed wbe tip darbade amwespedf thgatireulalioR yatepttend from t he
stack (30)ofggﬁﬁap§péaerdrf§p%ddrgl £tni'1§f§1%%g&nt'<{h bQ'Pra%?r}:hglrQéihtz/gg 1ls O dpy one.

The stack recelve t eanse i nspé and repaired
screel? cl BeHwd(ofthe pegsenbinyeatiommpg Provide seple@@e idata fiee h@eékrcteswl"ins t he

magazi ne L0R3r pro&@s@s 8R teeBRMh GBIt oPh done f@pem%c%ct‘%@rﬂg\gt&oé@@s

invention one may during one or rore steps (f) with repairing one or nore
of the damaged portions (6) and registering of the repaired portions (60)

pat ched ?)rn tﬁ\bhﬁéwoaecfcﬁaghbrtecﬂh@rnv@aadﬁacteﬁlayabe.ea@vanasgetobe ﬂ@atr@ﬂstap_xofcom()g io)se
screen cl ot nmeasure and reqi ster. the area ai red portioqns

et ched oepiTaR BBl isath FrBiRe TSRt ednet D shEBEetintp BRPIERPE: bvi bus
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screen cl o?h (1). If, as in an enbodi ment of the invention, replacenent
screen plugs are used for replacing damaged portions of the screen cloth

(1) of thﬂwééé&a@étu%%%@&ﬂungrtériﬁe {rfkntibME, APSHE! WErd! Sﬁnﬁ%ué?%va%ﬂ%' ete

after repair hese data are registered together with the scieen
cloth' s (Tpchjpe for relativelyfimedneshasrsed ¢lo%sf r ame nunmber or ot her

20 (1) used for separating drill cuttings from drilling liquid or driling mud during a well
drilling process. The drilling process may use rather low density drilling slurry-like
liquids such as early after setting the riser and the BOP, or higher density drilling
liquids such as used when high well pressure may be encountered. The machine
according to the invention is arranged for washing and drying screen cloths (1), for

25  inspecting for wear and damage, for repairing possible damages or holes, for
inspecting the screen cloth after possible repairs, and in an embodiment for storing
the repair data and relate those data to the identifier of the screen cloth's frame
number and the actual drilling depth interval of use, and for returning the cleansed,
possibly repaired screen cloth for further use.

30
Thus the apparatus and the method according to the invention may contribute not
only to clean screen cloths used in the drilling process, but also for detecting wear
and damage at a given time during the drilling process, measure the extent of the
damage, repair the damage to an acceptable degree before the extent of the damage

35 may increase to an undesired degree or in an uncontrolled manner, and possibly take
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repal ri ng 0SS | nNspecti n een a er
e bl oS P n P s et P bT e P R S e S Uy &
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the act ugl e i) A% ASPhD: LG B Blerdls H38e ifBAESfeduBbHE Nh ! digng! eansed.

possi bly repaire T hes
shaker screen and may thus contrlubute to improve the drilling progress and

increase the degree of predictability to complete the predefined drilling schedule
within a given time and budget.
25
Fig. 4 is a rough illustration of the general process according to the invention for
feeding in used, mud contaminated screen cloth frames (1, 2), cleansing the screen
cloth, inspecting the screen cloth for wear and possible damages, registering the
damages and the wear state of the screen cloth, reparing registered damages of the
30  screen cloth, checking and verifying the repairs, and feeding out the intact or
repaired, registered screen cloth frame(1, 2). Repair may be conducted by
exchanging part of damaged screen cloth with new screen cloth in part of or entire
cell frames (22).
In Fig. S, which is a rough overview of an embodiment of the apparatus of the

35 invention for feeding, cleansing, inspecting, registering, repairing, controlling and



Thus the apparatus and the nethod according to the invention may contribute

not only to clean screen cloths used in the drilling process but also for
detectin g@ gdamage at a given time during the drb ﬂ%ﬁgﬁss
measur e e ex ent of the damage, repgir the damage to an acce e degree
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of the plug (8) at the screen plug magazine (110).

Fig. 10A shows a side view illustration of the apparatus with a section plane through
25 the middle of the magazine (110), between the elevator conveyor belts (105).
Fig. 10B is a section view of the section indicated in Fig. |0A showing the main
manipulator element (115) in level with the lower of the stacked shaker screen
frames (2) and in positon to be displaced horizontally to grip that lower shaker
screen frame.
30
Fig. 11 is a side elevation simplified view of the apparatus of an embodiment of the
invention, indicating a vertical section through the fore elevator belts and a forward
part of the bath of the cleansing unit (4).

35  Fig. 12 is the section indicated in Fig. 11. Here, the elevator conveyor belt (105) in



30screen cloth, checking and verifying the repairs, and feeding out the
i ntact or repaired regi stered screen cloth frame(l, 2). Repair nay be

conducte %ofrsGhaeyi ng part of damaged screen cloth w tPBTWOﬁ?JOE@ cloth
in part o or entire cell frames (22),, In Fig. 5, whichiI's a rough overview

of an enbodi nent of the apparatus of the 35i nvention for feeding,
cl eansi ngtheimaipevadarine (16§) sne thagrreerepag magpzined (it 1@ dre showndh thaD
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(9) aHd agrregry@ups K fovsednal yzi ng screen i mages (13) recei ved from canera
menory (14). 15In Fig. 9B the section indicated in Fig. 9Ais showm with an

el evat or conveyor belt (105) to either sides of the magazine and with
shaker schi@ehd fSraride eferptign smpjiEiad NisW 9one APPIrasyRC iR ReAIMENE PSR f or ned
by hori zowtmg. 11 B@tSWEEﬁSEIee gédbion (pldHe) made Vdraicalyenaiveén enamyeyoriitss ( 105) .
To the “91@5 Eﬂ" elft tS| f t he magazi ne (100) are arranged verti cal
arrays i n‘:¥c? 8BNS EPHRE nes (110) for new and used filter plugs 20 (8)
for thkee shaker screens (2). Further, in the right portion of Fig. 9B is

shown 2 r&gaLL SABN A ALAC, FlA g.&&@qw&m Sl Bl RRELgePagEa Chi g

afllter SCr een nmagazi n shows
si de vi e‘vvhmsectmrrwu rbwncmamh@a@ppmnﬁs(w&)rexs@r@éétqnmwtfm lavver shakengh 25

t he m ddl réﬁn ﬁrQr%e@Q@?tHéemééélzﬂ%e (11@)@5 Vﬁ%ﬂn&ﬁ\?u%k&@érﬁéntﬁ@@)’r‘%ﬁ&éd Qﬁﬂat S
(105). Flg is a section view of the section indicated in Fig.lO0A

showi ng tﬁEerﬁ‘é)i AT ARGAIRAIBE rooRdinate foNtratesh canNeYQnkIETdS th t he Iovver of the
stacked shakeariaeg@erorim@n®s tHeZhamndahipulResidianendtd ol ditstpbresd

B K
i nvent i ondowmth detdlesgpsamgvetatiorced), sediei dining lor Opigipatatienf etatioel(@4@), or bel ts
and a f Orm?trhgr Poa’:’hte &Jtic%hiﬁsgeackign %Eat?ohe(1%)‘?%@%@%&”%&60@ (70), and back to
the magazine (100). Thus the manipulator element (115) is ready to move the
25  shaker screen frame down to the receptacle of the cleansing unit. In the lower
portion of the section of Fig. 14 is shown the receptacle in a position above the liquid
of the bath, a reception position which will prevent the manipulator element from
being submerged in the bath, This will prevent corrosion or shorting of conductors,
actuator elements and motors of the manipulator element.
30
Fig. 15 is an isometric view of the apparatus showing the situation in which the main
manipulator elements (115) are about to deliver the shaker screen frame (2) to the

receptacle (42) of the cleansing unit (4).

35 Fig. 16 is a part isometric view in the same perspective as Fig. 15, part isometric
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(120), lt?thtemeat.r@pﬁawerstr@teh@raziF&él ar@@dfb@é&; Lo tzge nmagazi ne (10?) Thus the
mani pul a re ve the 25s een fra
Fo the 1 etebrae e o Otaale siisn SRRLEfom e T pit A UL i=oi FaieB RN vl
section odir EuQ;et dige.i Theshonn difees sueb epdyabd ejectedaopbs iebvieonnadra\ee redyeldd qui d
of the batthlpOU gggrggtnlg éuléno lyyp' %F t"(‘ll‘_ prevent the mani pul at or
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situation in which the maln mani pdl ator elenents (115) are about to deliver
t he shake'f‘V%'?ffoé‘eH‘F}edﬁé’e( Qf)a'tpértt'ﬁéh‘?"é'&glﬁ‘é’d?é”'("H?}“@fw'f*h@ec‘?'ba%@l)ng unit

(4). 2000 Q041 4Ad 20 0HHRR] 1RO ErbhDEHIARYiIng cabinet (141). The lid (143) is open and
the main manipulator unit (115) is about to lower the shaker screen frame (2) down
into the vertically running frame receptacle (142) of the drying cabinet (141). Above
the drying unit is shown the rear of the repair unit (70) with the mobile repair
manipulator (72) in a laterally displaced position behind the screen plug magazine

25  (110) in order to allow for free movement of the shaker screen frame (2).

Fig. 18 illustrates the subsequent situation in which the manipulator unit (72) has
released from the shaker screen frame
(2), the dryer unit's frame receptacle (142) with the shaker screen frame (2) has

30  been lowered into the drying cabinet (141), and the lid (142) is closing. In this way,
the closed lid will ensure recycling of the humid air, and will prevent humidity from
blowing from the drying cabinet (141) and up into the entire interior of the
apparatus, particularly avoiding humidity from reaching the optical inspection station
(120) with the camera

35 (12).
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belts run via upper and lower rollers by means of a motor and may be controlled

from the central computer unit to cooperate with the main manipulator unit. All

operations such as for moving parts of the apparatus may be controlled from the

25 computer unit.

Fig. 22 illustrates in the same perspective the magazine (100) with several shaker
screen frames (2). The shaker screen frames will abut against the back wall of the
cabinet of the magazine

30 (100) in order to prevent any of the frames (2) in the stack (3)
in the magazine (100) to interfere with the main manipulator transport of cleaned

frames (2) and the repair station (70) behind the back wall.

Fig. 23 is an isometric view of the dryer unit (140) shown partly transparent, with
35 the dryer cabinet (141) and the air pump (144) and air piping (146) and shows part



35(12). WD 2011/ 115508PCT/ NO2011/ 000094 24 Fig. 19 is an isonetric view of
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(100) w t{}wa}khe two doubl e sets of vertical el evator conveyo elts (105)

with sl ot 3'3KEF FEGEBY ARG (22 HHTUNI PiRsEMEARIB YVl Peikeqmibedsr M BRIts (105).

The Conveﬁoﬁrlhe@ebMa(tﬂr%) oﬂme drbusume(:ﬂiwefosmd;(afe aﬁtcesmssfthan:@a the)

(115) ey T e e ARE P Bl B T tdd) o8 oty B8 SF A T RRRGHE Y ana.

r epai r ed, Thos fulheidbtp pomw- ﬁebugﬁ willi i r¢viEOdp cawdgtcbaacstarees aquanpaped &t owingi t Ay
pi ck a Sh?'?\kﬁéststﬁ{a%?ﬂ? W@M/e?}azcs'“fﬁwﬁé £r¥a ¢PaLam RakfRd and dripping of mud,

fromthe lower s e tvvo ower sets of ribs (106) at any
time.%Thus the upper, clean frarres (2) will not be polluted by dripping

fromthe #@\A@f .s&%mé@nbueast% &.é%?%he(aaparéfdae.&@n&ey&sr tStheURveHtRnUpPer
and lower rollers by neans of a notor and be controlled fromthe

central ‘BMF%Fh%WPP'rtW%B‘Hﬁ‘@FQﬁéd(\xﬁ U '{'ﬁe’eﬁﬁ'r ﬁtartr‘ﬁﬁl(ﬁgl 'étSBPWUrﬁ”P Al l
oper at i ongoswiFhh@snd egatied ivith P aélt Sitér (8 hea apgial atreenmRndE2)condh & | ed from

t he 25conputer. unit. | Fig. 22 |,;.I ug é%t es in the sane perspective the
nmagazi nen%?‘fb'\ﬁ’) At H e MY Shidke P¥en frames (2). The shaker screen
framess w || abut agai nst the back wall of the cabinet of the nmagazine

30(100) 'ﬂ%%%j@ﬁov%é)t ikl %%a@ﬁ%ﬁﬁ a%ééﬁ%?ﬁ&ﬁm%%? ariaQeF F&eér‘i ?r%l‘r} ((32} iy n the

magazi ne ( to1n er ere n’ mani ranspor cl eaned
franmes (29 verigakprsturesaias for aemmra(/@et,vleMﬁhﬁden&nrembamulam (|72) running

on its separate coordinate table in the vertical and transverse horizontal direction of
the apparatus. This situation of preparing for repair of the shaker screen frame (2)
20  will arise after the frame (2) has been inspected in detail in the optical inspection
station (120) and the images (13) from the camera memory (14) have been run
through the image analysis algorithm in the computer. The repair manipulator head
(73) is thus moved to a commanded position (7, 7x, 7y) for repairing a filter cell (8)

by exchanging the filter cell by a new or at least sufficiently good used filter cell (8).

25
Fig. 27 is a lateral elevation view of the repair manipulator head (73) of the repair
station (70) having engaged with a particular cell filter (8) in the shaker screen
frame (2), ready to remove it by unlocking and extracting it from the particular cell
frame (22).

30

Fig. 28 shows the repair manipulator having engaged with the cell
filter (8) and having pulled it out of the particular cell frame (22) of. the shaker

screen frame (2).

35 Figs. 26, 27, and 28, which are explained with regard to engaging and removing a



WO 2011/ 115508PCT/ NO2011/ 000094 25 of the internal dryer elevator unit with
the dryer frame receptacle (142), which is driven by an external notor in a

not or ho%br}ﬁglﬁsﬁ) arranged with chain or wire or bel t%ctr%dzﬁi’ﬁdo?(fb?ﬁerai se

t he receptac . Fig. 24 shows, ;ﬁn the sane isonetric view o
dryer unit (140), with an inserted 5shaker screen frane (2) formng a
per meabl efiltgaldell 18} mag ref cherse diustrataithefappesite oparetionsmfpeidineatnepffiltate dryer

unit (140 roi ~ i 1 - i the entire
sor een ol SO0 e Rk Mothe caflB3 ahIIANGD a SATREAGE e TR L e
bl ow t hr ogRIPHiater hapgr(@d e fromethgremhendiaperted fitersceldfpared to bl owing air

past the upper and | ower face of the shaker screen frame. 10 Fig. 25 is a

| ateral el evation view of the apparatus interior accardin c?‘o t he i nvention
in which f'8e?? SR 'r5°WﬁHi'chF‘éit°6F“%@&é(?@?”'%‘f'aﬁoﬁé‘ef’%b%?)rap?f‘g% BY ©%0) is
shown i n srgaseibtihofl ) ised stgneisgagadiler kbl g8)Clcbrdird toedn ébodimeat sheeer
screen friangntgzi_g, such as shown in an enlarged viewin Fig. 27 below Fig.
26 shows 'THE 'Mar n mani pul ator arm (115) hol ding a shaker screen frame (2)
in a vertical posture so as for being navigable by the repair nmani pul ator

oy ] . 3 _ . .
{{ ahsver S0 pad PitoaRAG LG 5 30L0T R-RARRbEN Y (738, R bl isfiheac
pr epatli ng(7Boris preyisied vith @ movahlglcentrabprobvdingaiel (72) pigask sae iFige 3dfi er t he

frame (2)alhasaegror ?gﬁb%tﬂ B 88t &dnding 15EsPEL IcERtraliysPRfdelIn Ghat i on

(120) and the images (% fromthe canmera nmenory (14) have been run through
the i magesSh#fA §Qinsfass b dfithenPreffarebtyps Rl diter cellrife aceyding thdhe hiveatisr:- head
(73) is thus noved to a commanded position (7, 7x, 7y) for repairing a
filter cell by. exchanging,the filter cell by a t | east

suf i eniPy> bl SEERPH Hedangiie theyshar Bemsiard Q2'uibeBr e aci on vi ew
of the r epanipulstaer paldd73) ehgeaed (WiB) a desitdueceldip@r 8)sinat pasitiqn/()) dmatbeng
engaged w ECUl gr | filit i , SCf, (2),
Feady o TouelaRld reHcAo) Bflermied ik hebl ahilfeS B EL A AELLBAE (20
frame (2Xfterfingge9BlHwxe bepe regigiaiad indhé potieal drsphetidnrjatéeyElgdd anidt h t he

cel I filtgpra8h tROthMF NEy pul led it out of the particular cell frame (22)
of . the shaker screen frane (2). WD 2011/ 115508PCT/ NC2011/000094 26 filter

cell (8) may of course illustrate the opposite operations of holding a new
filtefo cetif. §Bjs thkRapketibdigetridtparddaetiVd atvit@ e Rpbir ntipuIgorRbad (73)

oo B e 28 Tt P s o i AR o
head (73)Faapppoadiy ogerbtiena epasnofchetrépdilmahpataf (7ahn wisioh atcvds bhnla er cel |
(8) accorgiopcﬂnét% b%%rff%cghgﬁé}ttoqpe tntg?n icg'élrgn\taleOQOard (114) one lateral part of
each laterally arranged filter cell magazine may be used for parking removed filter
25  cells (8), and the immediately opposite adjacent part of the filter cell magazine (110)
may be provided with "fresh" new or sufficiently good clean
filter cells (8). Such a repair of the shaker screen frame (2) according to an
embodiment of the invention may prove far faster than the conventional silicon
pasting technique used, while maintaining full total screen cloth area of the screen
30 frame
(2).
Fig. 33 is an elevation view of the repair manipulator (72) in position corresponding
to the situation in Fig. 31. A section plane is indicated for the section shown in
subsequent Fig. 34.
35



Fig. 30 shows another view of a repair mani pul ator head (73). The
mani pul at or head 10(73) is provided with a novabl e central protrudi ng key

(74), pleg g. 37A, arrangeded for engaging with Rdi ng

| ock screw ?gﬁ?ﬁaﬂgy arranged on the gcreen cloth face F%fﬁﬂ* ﬁ%@epreffered
type of filter cell (8) according to the invention. Fig. 31 is an isonetric
vi ew showfing34 lkethespetion afang mﬁ pla0e SioRR) inviine previeus parier 331 Sivariepaif at or head
(73) eng%@q.pma}& m@%; b%% t%wé&‘r a IR b fr@mot(h%'sth%f?é} s(c?éenof'?ar%@e shaker

screen frame e ana ySI S sof twar e of corrput er
after imagesA ‘1“45‘ve89@r%ééWer'ég‘?@to@r'ééthﬂ tfhfé‘edW‘FVC%Wt Phﬁﬁe’i?ﬁ'% \g*ﬂ'sﬁu on

(120) andorﬁet@éadseund.t.élﬁamermégé §lyzedQhbrer s%?eénsrérh@(@a%eu@ bikéLin
perspectl e show n rze repair manlgﬁul at or head é Ff)é’ par ki n so renoved
y 815 ST TR0

filter cei™® r@B?'rFW 9N/ @k °§Ie6?” ARripg Ener photegrapRing stapgaZ18%kES aMor
i Mpr ovi ng(Npesyabé prakd speethedotioheof tellaadtasckn(anb Bhldi addointd thé)cleanBingh nmoves on

Cateral paPiobrPeanh iraedianeD b Rabile e VER H 1 oauRerdzhi s Ueea
for parki tuig*astsnmiv@ebrfsedmethezﬁamlthe; rpB)r, stativth mbe finishedi tasiebyd tppwsint e

adj acent pahlbuffod A4sf i %o&ee o AgRA gﬁ.éeﬂdls(aeg;@@?g)u%g)\e'ﬁ%ﬂe%tatcb

"fresh" new suf ter ce a repair of

t he s’ri}aketPefQ'@r'@éwnﬂrthﬁ?rﬁe)(t2ﬂea@$ﬁ§ir$§rm frameuto thebdaehemt. of the invention may
prove far faster than the conventional silicon pasting technique used,
while maintaining full total screen cloth area of the screen 30frane (2)
Fig. 33 i 5'S%PRArAVAITIIN MANSEROdRMENt Reafire e P uaseAvery D) thenvksi t i on

cor r esponghobgsstc@ntii@esiirt th@tnegaurlsthtilahg70)’$$etwma§¢ﬁé fdpaprane maifigadi cat ed for

th t h ub nt 1 5508PCT/ NO2011/ 000094

o7 R, e e Badiedas B Bkt nftsruot Risien 20" SPa D8 i gur e 33.

The rBpai verrfaat:qzrubﬁaﬁimrrehmaﬂor(rﬁaghflca;tumlspsuchtas abetkiag whatHer ltherepaél | from t he

shaker Scéc%?%]l ia%@eeﬁn%adé“ofr%%&‘ﬁ{og Jh%%‘ i) &ré)% 6|Q§ hEWeeQJég ﬂsér%edsﬁfﬂ}’)ﬂa' n the
t o ne ze

| ower par Sectio I mage-ana
shaker schlaen checkirg (f@)mte;grlb\ephij\erle%mf%, and f@rﬁ@rmp@ta ab@lettth@n (70) or

even duringificBGoPRPIRUARMHsBIARL EPe VRrifEtTonSA tREBptlida M pection station

(120) the shaker screen frame (2) may be returned to the top of the stack (30) in

20  the magazine (3).
The repair station may not only exchange damaged filter cells (8) of the shaker
screen frame (2). If a desired cut-point configuration is desired in order to reach a
predefined particle size distribution (PSD) of a shaker screen (2) due to particular or
changing drilling conditions, such as may arise from a change of lithology or in order

25  to obtain desired properties of the drilling mud, the control computer may command
the repair manipulator to exhcange still useful cell filters (8) of the existing cut point

with other cell filters of a different cut point.

Another useful aspect of the invention is the simple fact that the apparatus may be
30  used for building a desired cut point configuraton of an empty shaker screen (2) from
scratch, starting with an empty screen frame (2) without cell filters (8) mounted

initially.

Further, as some particles and mud may remain beweeen the filter plugs (8) and

35  their corresponding cell frames (22) of the shaker screen frame (2), the apparatus



(2) may be picked fromthe bottomof the stack (30) and led into the
cleansing station (4); the screen franes will not interfere. Wile the
screen frggeo{iZhsdos bei ng ul trasound cleansed in the bapbpriNtgofGedd
station may finish its task and the mgi n mani pul ator (115) may nove the
finished repaired screen (2) to the top of the stack 10before noving the
next, cl e2itQEHNSES Herinyendiad Pay Paased ffércl@ﬁﬁmg eTREY apBaP Ataresrdy and one

enbodi Menfor iRaging AREAGN bRder t6 YREGANENALeh Aty SFRNYREIK frAFRS €53) GIGHIRG &k i n the
repair station urning the repaired or nodified shaker screen frane

70
(2) to th&Pei! ééhg Pﬂ%ﬁi‘it’ts%ﬁ"’é‘t%?ﬁ'%h SGEQG)SPPEHO”C'BMBEFPH‘BJC&edlB%?| fication
of the regattramagnatiadichédratrhduinsed onlEhe efneacddsigionieinherorthe cirapea r
act uaISI y (? |tt%8§n made, or checking that the screen plugs have been
i nserted 'I'V™i'n place, checking the integrity of the | ock screw, and for
storing data about the verification to the database. After the verification
inthe o C t: me (2) may be
returnedpﬁg %'Ifuggg{%%f'hgﬂgéé ﬁQPS%%Q)OfE%O?@y%EEe@&k@ﬂ éaﬂ The repair
station nﬁ?b%meﬁhpﬁ/“@mm@@ thengg&ar sareereframel (RS moged vp "t\tl@epo§ﬁtﬂaefpr screen
frame (2)peihd searh@giin @k Gwc‘apﬁ’\'sﬂécti‘éﬁ r},ﬁét%f@tzb? rFP%%Gdﬁ%WSQQe IsBetyrdfitn t

reach a predefined particle_size distribution a shaker screen (2)
due tl patheistakersesrenchiamsi(aymeved PPh’gtO(R?ﬁtﬂiof‘lf%rn%e'”%ﬁaﬁ‘”ég ihERe enticgk from a
change ofinkpddiioh@gatiodr(12o).order 25 to obtain desired properties of the
drilling mud, the control conputer nmay comrand the repair manipulator to
exhcange still useful cell filters (8) of the existing cut point with other
cell filtBgs3M skovdl infissreetricoudw prad repair Amatipudaton $ 23 )uhvitlasipeapanf t he

i nventi Onm%ﬁltpmyta'msll\éml(% ;%rtlh h&%tr%ngaﬁgﬁ%ca&%ﬁgqg%hg eds\glﬁ%g IJe ellPu' I di ng

a desired cu ol nt con creen
scr at &h, @t)aT'N ﬁ@t\’/ﬁ”b’tﬁfmgéﬁrﬂs?y screen frame (2) without cell fllters (8)

nmount ed i (iah i@bdr¥nged to mteFéErttvhﬁ{ thqu% QBN PG bih L& cﬁ‘@ﬁe mﬂﬁ‘ 4By 8 ?r{m' n

beweeen t efllter pl ugs elr corresp on frarres of
t he shake?rdstix@Rve ﬂ%f#@r? 2'535 <§3%é>féb$>a¢'hmsnwwimrf)efwsc%pewmecm/ 000094
28 accor do8gng end &&i i nvention may be used for cleansing enpty screen franes

2 df t h th f Il f
(25 ¥ nehar MP e n Tea e Rbatsd stitin T et TBe i sermtdigtn | O
I Nnspext i crvnmagted & i Githily textendinggpretketd (8Xyag mied loek pesfoer S3DLnkied3z® t he

camera t r?%%l"ﬁ)‘/\’n%re] r\%ﬁ:ﬂ? liangr g&g%va t?\(ajl% a||' h‘-sa%d; atgll Head?@%l Ilwéf’%t rates

in a rear evati o he a us ac inent of the
i nventi onn atnwtgmadenosstmneenvefdw @Qtyatmvemmmpamtroarpwattordnvnfc@ﬁb)el ng

scanned 'éhgtaﬁgd W ek @'fulﬂeF‘%&?Fé)' P&hﬁéraH f8. ﬁ@@sholi'nqhe$@paﬁhﬁ%\3ﬁbm%,sect' on
with 10t he shaker screen frame (2) noved POSI i on el ng scanned
in the op(t7|20\,éﬂ'th the repair manipulator head (73) engaged with the filter cell (8) having

25  been retracted back towards the repair manipulator (72).

Fig. 38A illustrates a top view of the repair manipulator (72) with the repair
manipulator head (73) in an extended position and engaged with a cell filter (8). The
manipulator head facing face of the cell filter is provided with one or more layers of

30  filter of a desired mesh, usually of steel.

Fig. 38B is a section view of the same, showing the central key
(74) in engaged position in the central lock screw (81) so as for
opening the lock mechanism of the filter cell (8). Here the translation mechanism

35  shown is a threaded portion of the lock screw (81) displacing a threaded central



i nspection station (120). Fig. 37A shows in isonetric viewthe repair
mani pul ator (72) with the repair mani pul ator head (73) with its centrally
arranged ligned with a filter cell 15(8). The I r.ranged
key (74) ‘@ﬁgﬁlﬁﬁﬁ’gd to interact withygthe |ock screw (orp%gmn(gﬁl(]é%?@éf t he
filter cell (8) in order to nove lock profiles (83) of the cell (8) inwards
for rel eadeeng @nnectedde di thosprodeits (BR)titicke dlus dig)aderthe hackgebfiles (&8 (22)
of the shakgr, ;.,{ae{iqg - i nnected via

radi al ly Igﬁgrﬁﬁﬁgﬁ%geoc e&t%%cgé@@&rlo?ﬁdép:ﬁ;ﬁeﬁ"&é&@%ﬁl@arﬁg@_ In Fig. 37B it
i s shown 2fe of Epfashekenpsrpen &eore (2¥2) with the repair mani pul ator head (73),
here in an extended position noved by an actuator in the repair manipul ator
devi ce (Z/Q enga&g%?mt the filter cell (8). Further, in Fig. 37C is
shown t he"'F B5aHPN 9¥8t ERETPPETHYS RFEORA PR LS ERSHAVRNYANIMBYIPSUSRY F¥ad (73)
engaged wiédnsiryesHakbi sdre@efrbme8)2haithd\g ndobssar, ¢Rilduatieithspationtapdarars t he
repair ipulator (72). Fig. 38A illustrates a top view of the repair

rani pul at PoL 7o et ieoRepatis erer RGPl ray B ribebiieg

posi ti on andrepagafedwwirtused sbakdr stideh dranfed) Thad kikuatmi pay atisr, iheredisf aci ng
face of t [N =T oy | | : I r il ter of
a desi redmrrggﬁ% !3?thsd&ér?yr%‘%r@%seegcg%gir}é\gh%é%n?stﬂgSgge%{ﬁgisgﬁe\éﬁi(zelvgf) %B %%érsame,
showi Wy tireeqiefiemal(Zkd remihthrevabrijagetica dasrertinn statiemel 208 im pederiteck screw
(81) soO asdiyk the mesh@pRNi ng the | ock mechanismof the filter cell (8).
Here the transl ati on nechani sm 35shown is a threaded portion of the |ock
screw (817 tBf spiesRICIoqN A1k IR REdN VRS thg cellfp™ed §42)15508PCT/ NOR011/ 000094
29 sl eeve connected to all the sprcicktS (82) Witt) thUs displace the

| ock profiles (83) in or out of engagenent with corresponding profiles of
the cell frame (22) of the shaker screen frame (2). 5As nentioned above,

t he apparatus according to the invention nmay be used for cleansing shaker
screen franes (2) w thout necessary conducting inspection and / or repair.
Vi ce versa, the apparatus according to the invention may conduct inspection
and repair of new or used shaker screen franes. The situation may arise, if
one is not sure about the properties such as nesh size of the shaker screen
(1) of a shaker 10screen frame (2), to run it through the opti cal

i nspection station (120) in order to



anal yze the nesh size in the screen cloth (1) in one or nore of the cell
frames (22). WD 2011/ 115508PCT/ NO2011/ 000094 30 Cains 1. A nethod for

nonitori tenance of wear of shale shaker filt nmes (2)
W th scr er\gn%g /1{{%!89(1) characterized fy the steps of Ep)l‘%gi\?lﬁ r?ng used
or drilling liquid contam nated filter screen franme (2) screen cloth (1) to

a filter Gleireen frarre magazi ne (100), b) engaging said filter screen frane

(2) in saj dA sal nﬁ&rﬁ@'mﬂ%negné\n ?‘\?@dr%f@ﬁgﬁkgﬂgﬁé&nte‘?ls%m (115),

f eedi ng f or wa ter “screen to a cleansing unit (4) and
cl eansi ngfré'aﬁ‘éi@)i th@rscé%qr\e@ﬁthﬁr(é}’réﬁa(f%tewetdhbkﬁieoﬁt%@r@‘en cloth (1), ¢)

movi ng  saddpolidirRy a S§6&LE8Ndilli qu.(lal:or‘it‘arr@néiééﬂ‘lﬂgr shkdn (r%@)(z)@éragn gt main
mani pul at or el epent (115) and dryin sal |ter screen frame (2), d)

movi ng saild Piaftisr ssieerdime B1Rgating (14)ng sal d nmai n mani pul ator el enent
(115) to Bynerylgirgdaid n&@reg&wnfrsrhat(zpm dalMbganste (f@p&@tdg@n@péb@m ly said

screen cl oth u a conputer identi danaged
portions (8) ’%f"?"&é{rg" ei?'gg'ﬁt @Ilgb ef‘i?g g]?{a’af:(géﬁ'gg@ﬁ ﬁ(ﬁe‘%’hﬁamc?a#;é(g portions'
(6) posi téleans(rg) unin(4) andr\qjearerngr&anrbﬁlyer(s@)een fegmel €2 lewith naidgcraens alioth

al gorithn% ai d damaged portions' (6) degree of wear or danmage and

determ ni 3 whet her said worn or damaged portions (6) qualify for being
repai red @rmpepp saediltersyreqpiiamy Caitd af drynerundic(ld@n usinaseid(maint o a repair

station (%Qh.pmaw aerrn@a@unsmdowymgosrad Aéar éé?ée'ﬂg‘ra'ﬁﬁé dayrai n mani pul at or
el ement (115) repairing or replacing said damaged portions %pgléillfled

for bei ngd%'é‘ﬁé'l“ﬂéé'dofﬂ'terréﬁfe&(?éffm\ﬁ H? Y %?d‘éﬁﬁﬁ ”]@Bfﬁul'%ﬂ”se'ﬁ'f"e@ Woth
(1), 9 é?g%ﬁ@ltrhﬁgl_cﬁ(bnrsﬁ@ﬁcbric’i@ﬁfof)la}wﬁ%sp%@t"@&ﬁbtfcéﬂﬁ?alﬂ%):rebﬁ%l@thQlﬁ@rhdj
magazi ne . 2. The netho , i.m ortions
(65 quar i 15 850s fsoplima pspzuer 9 eknanriged poro thEplel Ageelr een pi ug
(8) with a:leqml @¢ engnegisteriegaal dagndd?) porBonsTh&) pattivmd( 7adre ercdmpgtdro cl ai m 1,
the posit 2R )Z of the damaged portions (6) is registered relative to a
given origin o ?he screen cloth (1) or its filter screen frame (2). 4. The
met hod aceodelemgining iolsaidnal@oritbal highdainagerhpgrriony X 6) Aggdree of megr ot er ed

accordin ] me (2).
20 2011, 1S BaddiEnPBluAl R hnth@rRi6 Wotn bPaffbged birtfEhs T6f G fof
being repaired or replaced,

f) moving said filter screen frame (2) to a repair station (70) with a repair
manipulator (72) using said main manipulator element (115) repairing or replacing
said damaged portions (6) qualified for being repaired or replaced with replacement
portions of screen cloth (1),

g) moving the so repaired filter screen frame (2) back to said magazine (100).

2. The method of claim 1, replacing said damaged portions (6) qualified for being

replaced by exhanging its corresponding screen plug (8) with replacement screen

plug (8).

3. The method according to claim 1, the position (7) of the damaged portions (6) is
registered relative to a given origin on the screen cloth (1) or its filter screen frame
(2).

4. The method according to claim 3, said position (7, 7x, 7y) is registered according

to the actual cell frame (22) in said filter screen frame (2).



5. The method according to claim1, using a canera (12) capturing digital

i mages (13) of said filter screen frame (2) in said optical inspection
station ( nal yzing said digital imges (13) in in a
conput er \%égr}nc}mgsggrrthm at | east |d?]t| fying danaged pg??f@nzgﬁ ?J}g} sai d
screen cloth (1) and registering said damage portions' (6) position (7) in
a conput e¥. nenbrgmedhod ambdingd orlaitrhin daimg dcamdet @2xi ni ng whet her sai d worn
or danmge (i r t. ) sai d
danmge polErond gl ol 1) ol 2B Pl U b gk P R % 31
al gori t hrstptien hb’% )@@ﬁmﬂabrzrf@ @i elgrtalnrrwgee(bfégn a8 abgormearm@fcos‘?ﬂtﬂerscr een
cloth (1)said Z}goﬂrﬁn %@ié%@@d@ﬁtlﬁ/hﬁ' dBrdagedPditibnd (}6‘?rof §&H%@Féef1rcﬁffﬁéﬁ)2¥nc§)el ng

fed forward froma stack (30) such screen ¢ in said magazi ne
(100). gegifkingtaid dampoe Partmni (64 SPFHEOBAL) iBra FRIPRULET Wasoanﬁ%r) &PWnent s

(44) in sagdnmhe&marera@emhﬁm(xél)/vhfétrea@srdn@orsair@afﬁalgb@rpo&cdneqa) oA f¢r2) with
said screen cl ot pair ni pul at or

(72) rmovi 55651%&9%%“1‘5(& } S¥RPS! U%éa'fjéfnfa@e&?ét'%rnzéﬁﬂ?@%g? ggﬁe?)'fa ‘magazi nes
(110) and pi cki ng repl acenent screen plugs (8) fromsaid one or nore screen
pl ug mag | ) Vi ng

t he reparat%e tho(ra %"é‘?i’gn-" ?g%&%%% ?ﬁ%g 6'ngr'%9?raje%;mnnﬂa“g(?§%§'re% &mr ng

t he repaiwear qflslatcbeCf%QIT@QW fiame (2) to the optical inspection station
(120) for verifying and registering the state of the repaired filter
screenframe (2) 11. The method of claim 1, further registering in said
conput er fretiS Petrop of Kimul said it iSFeeR dramat beindeied fprvase fram arstacki d
screen cl @oly of dhchegedrs@8ihsanflindans hlgwzihBe140)me of occurrence of said
damaged portions (6). 12. The method of claim 1, further using an
algorithm (15) in a conputer (16) retrieving said stored i nage capture (13)
and anal y&iTig matmbdiamgaemclamstmrge)r(ejn’i)mrﬁmruleaiddrndalmgads ot incagl (6)
position 1 P of claim
1, said rée%%”ssn\é& %i‘) 4%?1?% %T("%%Q’ or't | ons?%)G\g'th% g 'Q"%n oofngg& of
damage made corresponding to an |dent|f| er of said f||ter screen frame (2)
|n a database ik Aethis 4N (sbRieBal S Hatoh (15 mGhE B8k BIES ek 2)

hi story duri n? one or nore I'I ng operations. e nethod of claim
13, arranflesy %)aqowrredérrmﬁersereernrplwnageeﬂ%m c tag on said filter screen
frame (2)@a 10;5nd/ﬁ&kﬂ@ﬂ%b%kéﬁeﬁ@icré@ﬂ%lh% ()TFreHA Gaided Rt fNAGeescpdenay Of
shal e shaker filter screen frames (2) with screen cloths (1), characterized
by : a) RARAESHd0%100) for receiving one or nore contaminated filter
screen franes (2), b) a novable main nanipul ator el enent (115) arranged
for engag sar fiilter scree 2) S nd
further aird:grng Q °d ¥4 ﬁgtofcoar'R‘/qvafral eg(%reén?v' qg"e renggegd:_rhl rarre rﬁ

cl eansi ng(ZL)rhat:k M}aldtmaﬁzmlewlﬁg) umd\ting ie0ne paioedafilteypscrasal framspébtq e st ation
(120), ' n ﬁ@rr,:d( sai d

cl eansi ng ‘ﬁlrrcﬁpm?b(%dug?rsggr}‘gogd@% 9% fo? \%Q Si nagrqu):aﬁ%?t% It er Zést%(rée{f%pgrr%pr?&)eh) W th
sai d scrdfereceenfreme (28) said drying unit (140) arranged for receiving
said filter screen frame (2) for drying said filter screen frame (2),

11. The method of claim 1, further registering in said computer memory (9) the
current drilling depth interval for which said screen cloth (1) was used, and possibly

the time of occurrence of said damaged portions (6).

12. The method of claim 1, further using an algorithm (15) in a computer (16)
retrieving said stored image capture (13) and analysing said image capture (13) for

said damaged portions' (6) position (7).



d) said optical inspection station (120) for receiving said filter screen
frame (2) and arranged for optically inmaging said screen cloth (1) and

usi ng an \@b% I/IEIE%%I n a conputer for identifying damageg, Q}N’dzlo %%?(%Q) of
c

sai d screen 1) and for registeping said damaged portl ons
position (7) in a conputer nenory (9), e) an algorithm (15) for
det er m ni by Bwi dedarefethimdr ﬁbidrrsgiS(ragimuefgsraetbdmam:)or@ipndé@a@éemdf or

det er 1 5hrdb 6t BhaSe hihabReh Al AHRASH BERIIPEE <hB)aH ALl doh e bef o

repal red or rep | aced Sal reparr recel vi ng sal d
filter sc'PeaeﬁatﬁP%t‘%?e'"(OI?efﬁPcF\?PHéﬂltwq ha'@f'ftéﬁ)%f?ef‘nﬁﬁmsal(&ﬁ sistqry Buripgr

repai ri Ngorkd off @BFAGHiNGg gﬁér@t,g@gmged portions (6) qualified for being
repaired or replaced wth replacenent portions of screen cloth (1), g)

said main mani pul ator el enent (115) arranged for noving the repaired filter
screen fraqETheZhetrad lof cairhai3d arragaing Beid(idétifier kban Eketrappasabusaidl cl ai m

15, provi w th one nore replacenent screen plugs WO
2011/ 1155 %%5&/%&?78%)0094 33 (8) for replacing said damaged portions (6)
qualified for being replaced. 17. The apparatus of claim 15, provided with

a_camera {42, £;96ar§t%9tf&'|f AnBGie sy %r?d mam?%%;{% %g)r,{gg).f ofSafk §¢% Rkefgereen frame

(2) in said optic I nspectionstatio or analyzing said
capt ured Hiregn &Pmﬁﬁrﬁ@e\é'tb seen gloghs @ll)gehprastarizad &Yconput er, said al gorithm

for i denté)fyngagawg@@ BPFddeRity &&) o%oﬁ@édﬂmt&ﬁfn%?é@i Altsbrleh)rrReL 97

registeri fig sal d danmage portions gom tion in a conputer menory
(9), saida? W?P'ﬁrﬂ‘?'ﬂr’?%?“'é@(&f?@é@tﬁ F”o%’f%’ﬂ?ﬂrf?h%f‘%ﬂét%ﬁ%‘d 84¢'d worn or

danaged p@:fréérOﬁSm(eQ)Z) fHgdid aghgihe r(e@b)a@ﬁarmher at@ngdeordpp@ngFeisvaed clai m

15, conpris one or r asound e (44) in | eansing unit
(%) for b letRietlsame 2l e p tkorape BpELEL A Sihe v daP) BTen ranme
(2) with (Sﬂllcdl imepetion ckaztdm (12P), to BOrepdihieg apjrg7a) asd béckctioadaid ddgazsaed repair
mani pul at 272) arranged for moving damaged screen plugs (8) to one or
nore scre | ug magazi nes (110) and picking replacenent screen plugs (8)
from sai dC)cﬁaei deanadeurit (Bearrgpiagg famegeansimgssald fidgr. screen frame (2) with sald

screen cloth (1),

¢) said drying unit (140) arranged for receiving said filter screen frame (2) for drying
said filter screen frame (2),

d) said optical inspection station (120) for receiving said filter screen frame (2) and
arranged for optically imaging said screen cloth (1) and using an algorithm in a
computer for identifying damaged

portions (6) of said screen cloth (1) and for registering said damaged portions' (6)
position (7) in a computer memory (9),

e) an algorithm (15) for determining said damaged portions' (6) degree of wear or
damage and for determining whether said worn or damaged portions (6) qualify for
being repaired or replaced,

f) said repair station {(70) for receiving said filter screen frame (2) provided with a
repair manipulator (72) for repairing or replacing said damaged portions (6) qualified
for being repaired or replaced with replacement portions of screen cloth (1),

g) said main manipulator element (115) arranged for moving the repaired filter

screen frame (2) back to said magazine (100).

16. The apparatus of claim 15, provided with one or more replacement screen plugs
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(8) for replacing said damaged portions (6) qualified for being replaced.

17. The apparatus of claim 15, provided with a camera (12) for capturing digital
images (13) of said shaker screen frame (2) in said optical inspection station (120)
and for analyzing said captured digital images (13) in an algorithm in a computer,
said algorithm for identifying damaged portions (6) of said screen cloth (1) and for
registering said damage portions' (6) position (7) in a computer memory (9), said
algorithm further arranged for determining whether said worn or damaged portions

(6) qualify for replacement.

18. The apparatus of claim 15, comprising one or more ultrasound elements (44) in
said cleansing unit (4) for being submerged in liquid for cleansing said filter screen
frame (2) with said screen cloth (1).

19. The apparatus of claim 16, said repair manipulator (72) arranged for moving
damaged screen plugs (8) to one or more screen plug magazines (110) and picking

replacement screen plugs (8) from said one or more screen plug magazines (110).



