
The MC'U'P is critical to safc opcrutlon ol'tlic xuh~narine. I t  i x  o f c n  described as  ;l 
'Pump-ill-Pipe' since tllc cailned clectl-ic motor ih  contained tcithitl tlle body ol'tllc 
1 ~ 1 1 1 1 ~  (F[ ( , .  l ).  I t  is a F-irst Level item sul,jcct to d ~ t  ing dcpth prcsxurcs. 

V.IN(; I  ; \ I< 11 ('lass Sub~nnrinea Ila\,e indcpcndent n~irror-iiilagc port and starboard 
C'irculating Water Systems (CLVS). I:acli system has a MC'WP to pro\ ide a t lou 
ot'to tI1c SC;I M atcl- condenser. 

The MC'WP ia horizontally mounted hct\vccn the inlct tlcvihlc pipe and the 
condencl- inlct taper piccc. The ~>ump can he cilslly modilicd to :rllo\v instal la~ioi~ 
in either the 1wrt or starboard C'WS. 

Duty 

Operating tllc pulnp in t11rcc dis t inct i~c modes (Fast Speed. SIo\c Specd. ; ~ n d  
Trailing) controls the flo\v of sea water through the condcnscrs in the boat C'WS. 
Tra~ling occurx ~vlicn the ptunp is dc-cncrgi~cd and is caused to rotate hy the llov 
in the xystcln gcncratcd by the forward  notion of the boat i.e. the scoop efli'ct. 



Punip Design 

The p~11ii17 is 3 single stage mixed tlolv type with co-axial inlet and discharge. I t  
consists o f  n ti\c-bladed impeller mounted directly on the motor shafi (rotor) 
discharging ~ n t o  a thirtce~i-\nnc diffuser that supports the inlcl end ( D r i ~ c  End. 
(Dt:)) of the motor pod. I:our streamlined spokes through \vhich the electrical and 
clean suppllcs are fi.d 4~11lport the olltlet end (Non-Drive End. ( N D E ) )  of the  noto or 
pod. The direction of rotation 1s anticlock\vise \vhen \,iewed from the pomp inlct 
[or hot11 1~1111l'ing and trailing modes. A general arrangement is sho\vn in ([:I(; 2 ) .  
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Tlic motor is a tlircc-phase 440Volt. 60Hr canned squirrel cage induction motor 
capahlc of  opcrati~ig at tu.o speeds. T o  cli~ninate tlic problems associated \i.itli 

con\.cntional rotating shaft seals. the pumped liili~id (sea \\.ater) IS allo\vcd to cntcl- 
the interior of the dri\,c motor. The \ca\\.atcr 15 hermetically scaled oft' from the 
clcctromagnct~c coliiponcnts hy thin metallic cylinders known as  'cans'. litted to 
1~0th the rotor and stator. The sea \\.ater acts as  a coolant for the motor and n 
lubricant li)r tlic hearings. 

Tlic rotor has a solid core \\..it11 52 straight rcctangt~lar 'high rcs~stancc'  bars 
(pliosl>llor hronyc) resulting in a high slip characteristic to acliic\.c tlic hydraulic 
pcrlbl-mnncc rcql~ircmcnt\. 

AI1 bearings arc scauntcr lubricatccl. Iiydrodyllamic types \vitli 'Ilnrd-on-hard' 
~nirtcrial cornhinations to 1iii111rn17c \\.car. Rotor iournals and thrr~st hcar~ng  
c o r n l ~ o ~ i c ~ i t s r r c  hard coated \\,it11 cliro~nc oxide and the ,iot~r~lal pacts arc litted \\ it11 

hard ccr:lmlc I ~ n ~ n g s .  ~nanufact l~rcd from hot l>rc\\cd s~l lcon nitride. 

The radial hear~ngs consist of  t\vo ~dcntical asscmblic\. each comprising of  foils 
tilting pads \\-it11 offset p ~ ~ o t s .  Tlic thri~st bearings consist of t \ \o  similar taper- 
land type units. encll colliprising \ix segments to carry tllrl~st loads in citlier axial 
d~rcctloll. 

Cooling 

A n  intcgral auxiliary impellcl- on tlic rotor sliafi gcnclxlcs a n  intcl-nal circulalion 01' 
sca\\.ater coolant. The coolant tranfc'rs \+astc heat generated by the rotor and 
stator \ ia the Cooling C'an on tlic outside of tlic motor pod to the sca\vatcr flo\a,ing 
t l i ro~~gli  the I N I I I ~ ~ .  Tliis internal circuit is fccl \\..it11 a purge tlo\\. of' filtered 
sca\\ater li-om the C'lcan Sca\vater System to prc\cnt i n g r e s  of particles into the 
internal c ~ r c u ~ t  tram the sca~vater tlo\\.ing tlirougli the I7ump. 

1:stcrnal f'acilitics arc provided to vent alr from the internal seawater circuit to 
~n in imire  the risk of  loss of lubrication to the bearings. 

Corrosion 

The dcgrcc of in scr\ice corrosio~l \,arics in extent tiom pump to p111np hut 
ncvcrthclcss Ihllo\\s a pattern. The pilmps fitted to I IMS I i / ~ i g ~ ~ r i i . t /  srifi'crcd from 
sc\.cre corrosion of the Spoked C'asing to s~rch  a n  extent that it poscd a threat to 
llie prcs\i~rc boundary within the planned piimp lifi . .  Tliis was possibly due to the 
conditions expericnccd d u r ~ n g  first of class comm~ss~oning .  including extended 
docksidc times \\it11 stagnant seawater in the C'WS. I ~ n p r o ~ c d  carc and 
maintenance procedures h a ~ c  since been implemented and tlicrc lin\.e been n o  
repetitions of'this problem. 

Pump i m l ~ l l c r s  arc made from N i c k e l - A l u m i ~ i ~ i ~ ~ ~ i  I3ronzc ( N A B )  and ha \c  
cxliihitcd high corrosion rates. 1117 to approx~matcly 300g:year (l:1(;.3). Tlic 
resulting loss of profile adversely al'ti'cts pi~rnp pa-l'or~nancc in terms of head. Ilo\c 
rate. motor speed. temperature and ~ io i ie .  Tlic u.orst case resulted in  a n  impcllcr 
ru~lning out-01-balance. I~iipcllcr corrosion IS life limiting. 



Other 1x111117 co~lipsncntsirnadc from copper alloys suf'tkr from corrosion. hut not to 
t l ~ c  4:1111c cxtc~it as the imllcllcr and arc n o t  lifc tlireatcning. Local fcaturcs 
deteriorate. fhr example in regions of l(>\\. water tlot\ bet\vccn components and 
\vllcrc there 1s locnl17ed croslon. 

Damage due to debris 

Tlircc hilures of tlic hard on hard ccramic coated thrust bearings Iia\.c occurred 
due to cntrainlncnt of dcbris causing o\-crload. Improvcd care and maintenance 
~ > r o w d i ~ r e s  Ii;~ve I>CCII implcmentcd hy fitting strainers to the C'WS intakes prior to 
docks~dc  \corking. 

Follo\ving the high prolilc in-service f'ailures of  the MC'WP. ALSTEC' wsrked 
closcly \vith the MOD under a number of sliol-t term contracts to establish a repair 
2nd technical support service for the MC'WP to o1,crcomc critical srlpply problems. 

The MCWP is a high kaluc asset ~vi th a small in-service poplllation anci the 
M~nistry rccognircd the opportunity for nc\v \vays of working \\.it11 A1,STtC' as 
part of  the Shl.ZRT I?rocii~'cment in~tiati\.c. A longer-term arrangement \\.as 
en\ isaged to remote uncertainties and pl.o\;idc a basis of stability li)r both parties. 
\\,it11 o ~ ~ p o r t ~ i t i c s  fi)r Cost Of O\vncrsliip (C'OO) reductions and iml>ro\,cments to 
pi1111p l i t ? .  

In /2ugust 2000. MAllS IPT entered into a 10-year arrangcmcnt ~ v i t h  ALSTEC' for 
MCWP silpllort. Key features oftlie Anangcmcnt arc: 

A partncring aplxoach tvitli common goals based on a~ailability. 
C'OO reduction and lifc impro\~emcnts. 
Provision of  a total support package ti)r the MC'LVP. 
C'orc tasks - for managclncnt. tcchnical support and initial 
production of  ncu. pumps and spares. 



l 'ariablc tasks Ibr c~iicrgcnt boat \:isits and dc\,clopmcnt 
~n\estigations. 
Restoration of stock Ic\.els. 
D c i g n  i~i i l~ro\emcnts  to rc i~~s ta tc  3 r)ii11ip l i t i '  of I I years 

Standard menu based repairs. 
ALSTEC' act ns the Dclcgatcd 1:cjuipment Design Autliortty for tlie 
plllllI ' .  

a Target cost f'ra~iic\\~ork gi\,ing inccntivisation (profit sharing) for cost 
rcdtiction 

Core tasks 

ALSTEC' set up a corc team rcsponsihlc for the operation of tlic contract and 
prociding tlic 1nai11 point of contact for MAES IPT. The project manager is 
suppc~-tcd by project and tcclinicnl staff rcsponsiblc for pro\.tding tcclinical 
support to the tlcct and liaison with stakeholdcrs. The corc team also nianagcs: 

a Tlic manulacturc of new build pumps. 
Spare asscnlhlics. 

a Repair and o\.crliaul of operational pumps. 
a Performance testing of ncu. and rcli~rbishcd pumps. 
a The pro\ ision of dcvclopmcnt. investigation and evaluation scr\.iccs. 

COO 

A key objcctivc of the Support Arrangement is to prmide a reducing C'OO to the 
Ministl-1. o\.cl. the lik ol'tlic contract. 

('00 is tiscci to pro\idc the prc!jcctcd \\,liolc l i t ?  cycle costs incurred in tlic 
o\\ncrsliip o r  pla~it ancl ecluipnicnt. It cnahlcb clccisions to hc mndc in rcgnrtl to 
on-going ~naintcnancc and dc\clopment impro\cmcnts and removal of pump5 
fro111 ser\lce. The c~i tput  of ('00 analysis is in tlie Iiwn of simple spsc:~dshect 
based tables 01. graphs on a time line for ~ a r i o u s  scenarios. 

The axsumptio~is made 111 preparing the C ' O O   nodc cl arc recorded in the Master 
Data and Assumptions L~ht  (h lDAL) .  The MDAL addresses I'actors such as: 

Purchase cost. 
Anticipated l i t ? .  
Running costs. 
hlaintcnancc costs. 
Rcflirbislimcnt costs. 
Rcplacclncnt cnhts. 

a Rcsidtinl value. 

I t  also includes Treasury Opportunity costs 

COO models arc ~ i scd  in co~i.junction with Invcs~mcnt Appraisals to support 
invcstmcnt decisions. 

Main Cost Drivers 

Tlic Main C'ost Drivers affecting the C'OO modcl ha le  bccn identified as  
Frcclucncy and cost o f  ~.cpairs. 

a Numhcr of spare piimps held In stores to meet nv~rilability targets. 
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Project adm~nistration costs and labour r a t c .  

Treasury O~l~ort111iity charge (a  percentage of tlic book value of  spare 
17~11nps not installed in a boat IS Ic\.icd by the Treasury). 

Tlic Support .Arrangement operates xvithin a Target C'ost Inccntilc Fee (TC'IF) 
t.ramc\i,ork to pro\.idc a financial i~lccnt i \c  (profit,risk shari~ig)  for AL.STFC' to 
achic\ c coqt r c d u c t ~ o n .  

Stakeholder In\,ol\cnient 

.4 key tkaturc of the S ~ p p o r t  A r ~ i ~ i g c ~ l i c ~ i t  is tllc a c t i ~ c  in\,ol\.emc~it of all 
Str\kchoIders In tlic TvIC'\VP suplily chain. \vllcre stakeholders have dircct access to 
the ALSTEC' corc team to resol\c queries. A n  annual stakeholder rc\ic\\ is licld 
to proniotc tlic exchange of information including forn.ard plans and to rc \ i cn  
stakclloldcr risks associated with the MC'\VP. 

Tlic im~licctiate hcnefits of regular xtakclloldcr liaison are: 
In\~olvcs all partlcs in tllc supply cl ia~n.  
Ciood cominunicatio~is. 
Pro\-ision of  dircct technical s~ipport ;111ii l i ; i~so~i ti)r ~ ro l~ t i~ ic  q i ~ c r ~ c ~  
and problem solving. 
Imlxo\cd safkty & reduced (risk Ic\cls. 
(~)pport~~nit ics  for impro\cmcnts can hc explored. 

Technical Support 

Under the Support Arrangement. ALSTEC' pro\.idcs n centre of expertise for all 
MC'WP matters. Direct access to tlic ALSTL:C' corc team providcs :In efficient 
sulilmrt route and rcduces the \vorkload on the MAES IPT. 

Tllc scope o f  teclinical support includes: 
C'ondit~on monitoring. 
F3oat and sliorc htaff tra~ning. 
P ~ ~ r n p  kno\vlcdpc database. 
Routine c o m m i s s i o ~ i ~ i g  and in-scr\ ice examinations. 

Condition-Based Xlonitoring 

Im~~lcment~ i t ion  of Condition-based Monitoring ( C M )  is a key diagnostic tool for 
mo~litoring MC'WP perfhr~nancc and trends. The rolc ol' C'M bcco~nes 
increasingly importlint as  tlie zervicc life of  p\irn17sis eutcndcd beyond the current 
3 . i  years and minimires the risk ofunplnnnccl fi~ilurcs that cot~ld ad\crsely aftkct a 
boat mission or tlie cost of'owncrsllip. 

Training and Education 

An annual training and education progralnmc Ilas bccn established for boat and 
hase staff.. This pro\.idcs the opporti~~li[y to ~ l l a i ~ i t a i ~ l  the high prolilc of the 
MC'WP and to reinforce the importance of  operating and upkccp procedures. The 
~ ~ o g r n ~ n m c  also ~w(>vides all ol71mrt~1nity for updating boat staff on new 
dc\,clopmc~lts and cmcrginp issucs. 

Opportunities for na\-al stal'l' to \is11 the ALSTI'C' m a ~ l i ~ l ; ~ c t ~ t r i ~ ~ g  l.,) c cl . ' l '  ~ t ~ c s  arc 
cncouragcd as a means o f  huilding good ~ . e l n t i o n s h ~ p ~  and i m p r o ~ i n g  
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comml~nicatio~is. Direct liaison lvith boat staff has significantly reduccti the risk 
ot'accidental damage to thc MC'WP and has contrihutctl to a signitic:~llt increase ill 

thc i n t c r ~ a l  hct\vccn punip clinnfc>. 

Knowledge  Base 

ALSTEC' operates a Kno\vlcdge Management System that comprises the 20 ycnrs 
of historical doculncntation concerning the design and opcratio~l oftlie pumps. I t  
is used. for cxamplc. when tracking the li~story of puliip comporicnts \%lien 
sciitcncing them aticr service and Sol- the provision of technical support for rot~tinc 
qt~cl-ics and prohlcms. 

Comni icc ioning and Per fo rmance  b lon i to r ing  

As a risk mitigation task. ALSTFC' pcrsomicl arc rcspons~blc 1i)r c o m ~ i i ~ s s i o n ~ n g  
p~~rnpsanticl. installation and tilr routine fi)llo\\: up isit\ to carry out pcrli)rmancc 
monitoring of in scrvicc pump\ as part of condition monitorillg. These cliecks 
include Remote Visual Inspcctio~i (RVI)  c ~ a ~ n i n n t i o n s  and Noise and Vibration 
lllc:ls~lrclllcllts. 

Rick b lanagcnlent  

Risk mnnagcment h r m s  nn integral part of the Stipport Arrangement and a 
common prolect r ~ s k  register \\as cstahlislicd at the outset to record the key risks 
li)r hot11 AI..S'T't:C' and other Stakcholcicrs. An  ol~tput fi-om the management tree i \  
>IlO\\,ll I l l  ( l,'l( r.4). 

:\LSTI:C' risks wc1.c mainly concerned \\it11 the dilliculties in manufacture and 
o\crliaul of  1~111ills. li)llo\vi~lg a S-year gap in production. Stakclioldcr risks were 
concc~ncd wit11 logistics. installation and operational issues. 

The risk managcmcnt \trntcg!> \vas to: 
Idcntit- risks at tlic earlicst opportunity. 
Identit'y risk mitigation ;ind a\oidance strategies and their cost 
eftccti\~cncss. 
Managc and control risk. 
Adapt mitlgatlon and a\,oidancc actions as new practical prohlcms 
emerged. 

This strategy \vas a significant factor in achieving dclivcrics on schcdulc and 
tvitliin budget. 





!Vlanufacture and repair of punips 

Tlicrc \\.as a gap of  some 5 years bctwccn completion of the or ig~nal  hatch of' 11 
MC'WPs manufactured at CiEC Large Machines at Hradlbrd and the start of this 
c ~ ~ r r e n t  Su1>170rt 2 4 r r a ~ i g c ~ ~ ~ e ~ l t .  Alt110~1gIi cIra\vings 2nd background docunlcnls had 
been transfcn-cd to .ALSTFC' many skills had been lost. 

C'onsidcrablc engineering challenges \\,ere enco!rntcrcti i l l  re-cstab1ishing 
cul7:lbility tbr rnan~~facturc ol'sevcn ncw pilmps. \>otli ~bitliin ALSTFC' and in suh- 
contract acti\ ~t ies .  

The greatest d~lficultics arose \vitli manufact~u'c of tlic motor casing asscmhly and 
interpretation oftlic rad~ograpliic cu;tminations. 

Tlic casing assclnbl!, co~nl~r i scs  ;I spokcd caslng. all inner casing and a d r i \ c  ellcl 
i11nc.r casing that arc Iilcctron Hcn~n ( k H )  \\,cldcd together h) a spcclalist S L I \ ~ -  

contractor. 

The three components arc made ti-om l ixg~ngs  of 70:30 ('u:Ni compliant to NI:S 
780 Part 2' \\it11 precise malc~li.malc location f c a t ~ ~ r c s  used to accurately locale the 
items prior to IIR welding. 

Tlic material contains \cry lo\v quantities of dis\olvcd gascs that arc rclcnsctl 
duri~ig \\clding. These gascs can become trapl>ccl as thc \\cld pool sol idif ic~ and 
apl>ear as porohity \\ ithin the \\cld. 

T l ~ c  \\cldcd asscmbly rcc1l1ircs a fill1 pe~ictl-ation ci.cld of  tlie 2 I Inrn thick casings 

Tlic I:€< \\,eld process i \  autogcnous. i.e. no tiller material is llscd 

The ahsernhly is carcti~lly clcancd and aligned prior to Et3 welding. Tlic IJo\cer. 
fccd rate and position have to be carcfi~lly controlleci during the welding process. 
since the E H  produccs a thin tapered \veld approsimatcly 0.5111111 in tliickncss at 
the root ( F I c ~ . ~ ) .  

Typically onc circumfcrcntial weld takes approximately 130 seconds to complete. 
Difticult~cs can arise \vlicn completing the weld as the hcalii penetration is 
rcdl~ccd. This has the c f e c t  of dragging inclusions contained \\.ithin the 
terliiinating pool of molten material back through tlic \veld. Tlic root of the \veld 
1s contained \\ithin a spigot and is machined ott'on completion. 

70 30 C'LI'NI is rccogni/ed as difficult material to \veld due to tlie amount o f  
d~ssol\.cd gas In the alloy alla\\,cd withill the limits of NES 780 part 2.4 f ' s t cns~\e  
metallurgical in~cstigations ha\.c concluded that the amount of dissolved gas is 
linkcd to the use ol'cast i ro~i  cllills at 11ie 111itial casting stage. Signific;~ntIy this 
can be r c d ~ ~ c c d  by tlic use of' 'whitc cast iron chills' \vitli carbon in :I combined 
for~n .  rathcl. than tllc normal 'grey cast iron cliills'. 

In the absence of' ~~nicluc international standards tijr 1:H \zrclds. ALST1:C' has 
generated \\orking practices and acceptance standards based o n  best \veld 
practices cstablishcd h? interr~atiorial bodies and tests. 



N o n  Destructive Esaniination 

After EB \velding. the casing is required to be radiographcd and dye penetrant 
examined. T o  1111pro\.c the cluality ot' tlic radiographs the casing \vclds are 
macliincd to remove surthce blemishes prior to exam~nation. 

The acccptancc standards for tlie weld arc based on radiographic examination in 
accordance \vith NES 773:' \vhich replaces the original D(~iS 10000. Howcvcr 
clause 0104 specifically excludes E B  welding. 

Intcl-prctat1011 of radiographs has been difficult because the EH weld is narro\\ and 
radiograplly in the planc of  the \veld is not possible. There are particular problems 
In distinguisliing between porosity. inclusions and missed joints. 

The geometry ot'thc \veldcd itclns is not suited to normal ultra-sonic examination. 
and dye penetrant testing cannot bc ~lscd until tlic \veld is bclic\cd to be 
satisl;~ctory bccnusc the presence of m e n  small amounts of dye can cause 
l~roblcms \\.lien attempting a \veld repair. 

Supplelncntary tcchniqucs ucrc  ~~tili/ccI to gain as r n ~ ~ c h  information as  po4sihlc 
ahout tlie nature and quality oftlic \\elds: 

'Sliifi-shot' 1.adiograp11y (examining the \\.eld hy radiogrnplly at 30" 
to tlic planc of the \\.cld). 



'Time-of flight' ultrasonic testing (comparing the rclati\c tiliic 
differences of  ultra-sound \\/avcs through sound and porous material). 
Prcssuriscd helium leak testing. 

Bearings 

ALSTEC' ~nanufacture\ t i l t  pad bcarings employing hard fr~cings. The ceramic 
~natcrials resist wear due to slnall hard particles in the clean sea \\.ater supply. The 
bcaring surhces  can be ground and lapped to tight tolcranccs. typically 3microns 
roundness and cylindricity. to acIiic\,c the rcquilrd rcliah~lity and noise and 
\.ibration specifications. 

The original thrust bearing dcsign e~iiploycd a complex taper land disc 
arrange~ncnt. \vhicli was d~t t icul t  to mnnuficture. An alternative Kcmcl tilting pad 
thrust bcaring lias bcen tested over many years in situations representative of all 
likely conditions that may be cspcrienccd in a boat. The results hake slio~vn that 
this hearing lias a greater capacity to cope ~vitli adverse conditions than tlie c~u-rcnt 
taper land bearings. A pump ~noditicd \vith Kcmcl bearings is undergoing a minor 
trial 111 11MS l ' i , y i /~~r t .  

Whilst an increase in MC'WP scr\.icc lifc lias hccn ncliic\.cd through tlic 
imlxo\c~nents  madc to date under this Arrangement. a key ol?jccti\c is to extend 
scrvicc lil'c to match the LOP(R) interval. 

A dc\clopment impro\cmcnt progra~iimc lias been put in place. \vllicli will 
identify and  focus o n  the key risks and cost dri\.crs. The risk rcductlon mea.;llrca 
cn\isaged \ \ i l l  111cludc dcsign i~npro\~cmentx. condition hascd ~no~ir tor inp and 
improvc~nuits  in operating. maintenance and inspection tcchniqi~cs. 

Sillcc the pump Corms a n  integral part of the C'WS. it is impel-tan1 that any changes 
madc to tlie I~Ilrnp do not ad\crscly affcct the rest ot'thc system. fi)r cxample hy 
introducing other ad\crsc gal\:an~c corrosion mcclianisms. 

Tlic V \ v c i ~  \ R I )  clahs condcnscr is madc from commercially pure titaniulii. 
Preliminary \vork has slio\vn the condcnscr to be tlie dominant driver of pump 
corrosion. \vliicli is pcrliaps not surprising considering that it is clcctrocliemically 
nohlc compared \vitli the copper alloys used In tlic C'U'S. Tlic headers and taper 
pieces connected to the condcnscr have suffcrcd t iom corrosion. and selected 
itcms li.om H M S  l'i/il,qr~(i~.iI and II,qil111lt have had to  he replaced after failing 
revalidation. 

Scientists from QinetjQ and independent col-]-osion experts liom thc (I'oppcl- 
Development Association and C'crro Manganese Bronrc have assisted ALSTEC' in 
rcslxct of corrosion cx:lminations. 

k.vnluation of  the components of pumps returned ti-om service lias identified those 
items or f c a t ~ ~ r c s  most 3t risk for cstc~idcd usage. Dcsig~i clia~lgcs have bcen madc 
to highly \.irlnerable fcaturcs and thcsc have hccn succcssftrl in i~llproving scrvicc 
lifc. 

The liighcst-profile item identified for dcsign improvement in the current re\ ie\v is 
the impcllcr and this ix discussed in more detail below. 
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Corrosion hlodelling 

C'ol-rc>sio~i inccstigarrons arc 5upportcd by 111c rise of c o n ~ p u r c ~ ~ - g c n m f c ~ l  corrosion 
~iiodcls of the pump dc\,clopcd under a sub-contract placed on QinctiQ. 

-Phc rnodcls use boundary clcments to represent thc purnp and sea \vater ~ntcrrncc 
for the prediction of gal\.anic corrosion. Raw dnla" is in the thrm of pol ;~ri~at ion 
characteristics for cacli of the wetted alloys. \vhicli dcscrihe tlic cupectcd 
l>clln\~iot~r of'nn ;111oy \vllen coupled \vith othcrs in ;I galv;lnjc circrlit. 

Typical polarisation curLcs arc sllo\cn in (F l t , . h )  for ~nutcrlals of interest 

As part of the model validation process tlic polarisation curves for corroded 
sample5 o f  alloys taken from a ~ L I I I I P  returned ti-om a hoat for rcturbishment have 
bccn ~ncasurcd and tlicsc arc >ho\vn in (Fl ( i .7)  thr comparison purposes. 



t.'~c;s h and 7 slio\\; that the gal\.anic cffcct of corroded materials i h  less than that of  
fresh material samples and therefore the corrosion rate can he expected to reduce 
\\ it11 tilne. 

The models arc used as part of the justification process in tlic \election of' 
alternative materials. thus a\oiding the cost and delays of cstcnsi\,c .;horc and sca- 
based evaluations. A wider use of the models is being considered for c ~ a l u a t i ~ i g  
the corrosion resistance o f t h c  C'\VS. 

Impeller development 

The MC'WP nickel-aluminiu111 bronze impcllcrs s u f k r  fi-om corrosion and erosion 
in scr\.ice that causes degradation of pump performance. 

A selection o f  alternative materials has been studied and the results show that 
(irade 23 titanium ( ( l o o  aluminium. 4'!0 vanadium in thc extra-low illtcrstit~al 
ouygcn content form) offers the optimirm blend of strength. touglincss and 
corrosion and erosion resistance in tllrhulcnt sea \vatcr. 

To minimire production costs. a cast impeller has been specified (the machining 
time.; for titanium arc aplwosimately times that fhr NAB) .  A fr~ll size prototype 
ih  hcing manuf'ucturcd to prokc the casting and machining techniclucs prior to 
making a prc-production impellcr. Rapid prototyl~ilig is ~ ~ s c d  to produce a resin 
model from a digital pattern. \\hich is shell-moulded prior to casting ( I : I ( , .X ) .  Tlic 
castillg is then lnillcd in an acid bath to rcmo\,c tllc hard ouidc Inycr prior to 
mach~ning using multi-auis C'NC' manufac t l~r~~ig  tcchniqlles. 



l l l r  S \ \ l  I ' l l  1\11 \l l\ll'l l l l l< 

Conclition-Based \Ionitorinn, 

In co~i-junction \\.it11 othcr stakeholders. AL-ST1:C' i \  establishing a ('onclition 
Monitoring (( 'M) system \vhich will provide operating data about the pumps. 
p r o ~ i d e  warning of impending f>ilures related to hydraulic pcrthrmance and noise 
and allo\\ inti~rmcd decisions about the I-isks of continued pump operation. The 
MOD and ALSTEC' will operate the system. Ilou.c\cr.  i t  is no t  possible to dcsigtl 
a n  economic C'M s!stcln Illat [vill hc capahlc of' givi~ig ; ~ d \ ; l t ~ c e  \\.;~riii~ig 01- 311 

tllilllrcs. 

I.'oI. a n  cffcctivc system. performance parameters such as current and pl1111p head 
\vill be collected ilndcr standard. stabilic-cd conditions. The results \\.ill he 
normalired to allou tbr variat~on in the electrical supply parameters. Noise and 
\ ihlation will he measured and recorded. 

The MC'WP Support Arrangement was one of the first of the new style Partncring 
contracts awarded to industry and has proved to be a great success. The 
Arrangement is hcing used as an example for othcr similar MAES IPT contract 
i i ~ i ~ i ; ~ t i \  CS. 

,411 ma-ior ob jcc t i~cs  have been achicvcd including: 
Tile seven new build pumps and spares have hccn supplied on 
scliedulc and at a cost less than the target within the TC'IF 
framc\vork. 
Stock Ic\.els h a ~ c  been restored and all planned pump exchanges 
have been acliic\ cd. 
ALSTEC' has established ;I total support capability fhr MAES IPT. 



Stakeholder in\olvc~ilct~t  has ilnpro\cd aci.arcncss a l ~ d  c o t ~ t r i b ~ ~ t c d  to ;I 

reduction in the failure rate through improved Inalntcnancc. 
The colnbilied stclis taken to date ha \c  increased reliability and extended 
the interlal hctivecn routine p~lrnp cliarlgcs from 3 to 4.5 years. 
A design improl-cmcnt programlnc has been implcmcntcd to li~rthcr 
extend the pulnp opcrat~onal life to match the I_OP(R) intcr\.al. The 
target is to install the first of these pumps at the Iric./oi.iolc\ L O P ( R ) .  

E .  II,\I(;II. D I ~  ['..l. PI \ ~ ' I I I  1' ( A L S T E C ' )  

i1.S. h.1 s \c ' r )o \ , \ l . r )  MNS SMC' 
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