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Construction and Sea Trials of HMS Brecon, 
the Glass-reinforced Plastic, 
Mine Counter-measures Vessel
C d r  G. R. Gibson RN,
M inistry o f  D efence (N)

S Y N O P S IS

The author traces the history o f  HM S  B recon , the first vessel in the H u n t class o f  grp m ine counter-m easures 
vessels up to acceptance into the R oyal N a vy’s service in D ecem ber, 1979. In the first part o f  the p a p er he 
outlines the disciplines applicable to such a design and goes on to deal with som e o f  the research and  
d evelopm en t w ork which had to be undertaken in order fo r  the design to proceed, together with the 
m ultiplicity o f  test rigs needed to back up this work. The second part discusses som e o f  the p rob lem s  
encountered in the building o f  the ship and in the fitting-out phase, particularly those problem s o ffittin g-ou t 
associated with the grp structure. The final part outlines the setting-to-work phase and contractors' sea trials, 
touches on the m ajor problem s encountered at this tim e , and the steps taken to rectify them.

HISTORY AND DESIGN

The requirement
In th e  early  1960s considera tion  was being given to  the design of a 

rep lacem en t fo r the  Tow-class coastal m inesw eepers w hich had first 
com e in to  service in the  R oyal Navy in 1953. It was a t this stage th a t the 
id ea  o f  using glass-reinforced plastic (grp) w as first advanced. Design 
stud ies and  construction  o f  test sections w ere pu t in hand in 1965-68. 
T h e  cu lm ination  o f  this w ork  w as the  building of H M S W ilton, which 
w as com m issioned  in 1973 and  was virtually a standard  Ton-class 
m inesw eep er b u t w ith a grp hull.

T h is was follow ed alm ost im m ediately  by the aw ard of a shipbuilder 
invo lvem ent co n trac t to  M essrs V osper T hornycroft for the detailing 
o f  the  M O D (N ) design , w hich included the building of a full-scale 
m ock-up  o f  th e  p ro p o sed  new  ship, as well as a shore test facility (stf) 
fo r th e  m ain  p ropu lsion  and  m agnetic sw eep pulse-generating engines 
an d  th e ir  associa ted  auxiliaries. T he design which em erged is know n as 
th e  H u n t  class o f m ine coun term easu res vessel (m cm v) and com bines 
th e  ro les o f  m in eh u n te r  and  m inesw eeper with a secondary role as a 
p a tro l vessel. It is show n in Fig 1.

General description
H M S B recon  is 60m long, has a m axim um  beam  o f 10m and a m ean 

d rau g h t o f  2 .5m . She displaces 625 tonnes (s tandard). T he ship is 
d riven  by tw o n ine-cylinder D eltic diesel engines through reversing 
red u c tio n  gear boxes to  fixed-pitch propellers. A  th ird  D eltic engine 
d rives a pulse g e n e ra to r  fo r sw eeping m agnetic m ines o r a set o f four 
hydrau lic  pum ps w hich provide pow er to  a slow -speed drive system or 
to  th e  m ain  sw eep w inches.

T h e  m ain  hydrau lic  system  also pow ers a bow th ru ste r which is used 
in co n ju n c tio n  w ith th e  slow -speed drive during  m ine hunting. The 
vessel is capab le  o f  a speed  o f  the  o rd er o f  15 knots w hen free-running.

A ccom m odation  is p rov ided  for a  crew o f six officers and 39 ratings. 
Fig 2 show s the  genera l layout.

m ines th a t have been  successfully located  and  delibera te ly  exploded. 

Noise
T h e  d eg ree  o f  noise a tten u a tio n  a ttem p ted  in the  m cm v is g rea ter 

th an  ev er befo re  in a surface vessel. T h e  choice o f  d iesel engines for 
m ain  p ropu lsion  and  fo r e lectric pow er genera tio n  p re sen ted  a  m ajor 
p ro b lem  from  the  o u tse t. In the  H u n t class vessels, m ost o f  the 
m ach inery  is m ou n ted  upo n  large ho rse-shoe-shaped  rafts, show n in 
Fig 3 , w hich a re  su p p o rted  upon  knees w orked  in to  the  hull.

T h e  rafts them selves are  m ade from  grp  and  betw een  them  and the 
su p p o rtin g  knees are  p laced  ru b b er m ounts. In add ition , further 
ru b b e r  m ounts a re  p laced  betw een  the individual item s o f m achinery 
and  th e  rafts , an d  all connections betw een  raft-m oun ted  item s and  the 
hull are  via noise b reak s, eg , flexible pipes.

Shock
F ittings, seats and  equ ipm en ts have been  designed to w ithstand high 

levels o f  shock. T he m easu res taken  fo r noise a tten u a tio n  a re , in m ost 
cases, sufficient to  cope w ith the  m ounting  req u irem en ts necessary to 
give ad e q u a te  p ro tec tio n  from  shock. T he ru b b e r m ounts refe rred  to 
ab ove a re  th e  s ta n d ard  range o f  M inistry  o f  D efence shock m ounts. 
T h e  com bination  o f  these w ith the ra fts’ ow n flexibility has enab led  all 
the  ra ft-m o u n ted  equ ip m en t to  m eet the env ironm ental shock levels to 
be  found  th e re .

T h e  m ain  p ropulsion  engines drive the  o u tp u t shafting via a  flexible 
ca rd an  shaft w ith a trailing link coupling a t each  end . This perm its the 
eng ines to  m ove u n d er shock and also p rovides the  necessary noise 
in su lation  betw een  the  engines and  the  shafts. F ore-and-aft m ovem ent 
o f  th e  m ain  eng ines and  th e ir  raft has been  kep t to  acceptable 
p ro p o rtio n s  by the  fitting  o f rake  and  ram m ing stays.

Weight
P ressu re  m ines are  ac tiva ted  by the  p ressure wave caused by a sh ip’s 

passage. T his p ressu re  w ave varies w ith the  sh ip ’s speed and

DISCIPLINES

M odern  sea  m ines can be ac tuated  by a num ber o f  influences, the 
m ain  on es being m agnetism , sound  and pressure. T he task o f  sw eeping 
th ese  m ines can  be com plicated  fu rth er by the  use o f  such stratagem s as 
tim e delays, ship coun ts , selective bandw idths and  so on. It is not the 
task  o f  th is p ap e r to  describe the  d ifferen t m ethods o f com bating  the 
m ine b u t it can  easily be  seen  th a t the  mcmv m ust observe very rigid 
d iscip lines in respec t to  these influences in o rd e r  to  have any chance of 
success.

In ad d itio n  it m ust o f necessity be designed to  w ithstand dam age 
from  a n ea r explosion  o f  a m ine, as well as repeated  shock, from  those

Cdr G. R. G ibson, Royal Navy, jo ined  the Navy in 
M ay 1949, and qua lified  as a M arine Engineer in 1954. 
H is posts have included tw o  a ircra ft carriers and four 
cru isers  as w e ll as tw o  years in the USA and three spells 
at M OD (Navy), Bath. In 1975 he was appointed to  the 
p ro jec t and m oved to  his present post in  May 1979.
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FIG 1 HM S Brecon on sea trials. A FIG 2 Profile and plan. ▼
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d isp lacem en t. T h ro u g h o u t the  design o f  these vessels it has therefore 
b een  a m a tte r  o f  to p  p rio rity  to  keep  the  w eight o f  the  ship within 
b u d g e t. E lim ination  o f  non-essen tial item s, sim plification o f systems 
an d  the  use o f  ligh ter m ateria ls have been  the  m ain m eans of achieving 
th e  a im . b u t quality  co n tro l o f  such things as hull thickness, flange sizes 
a n d  even  b o lt lengths have all con tribu ted .

Magnetism
W hen  a  vessel passes ov er a m agnetic m ine, the m ine feels a 

d isto rtio n  o f  the  m agnetic  field  to  which it is already sub jected . This

S A L v / A d E  S E n E R A T O « .

chan g e  is d u e  to  th e  sum m ation  o f  four com ponent parts:

(a ) p erm eab le  m ateria ls w ithin the ship causing d isto rtion  o f  the 
E a r th 's  field;

(b ) th e  influence o f  p erm anen tly  m agnetized  m aterials w ithin the 
sh ip ;

(c) eddy  cu rre n ts  caused  by the conducting  m aterials w ithin the ship 
m oving in the  E a rth  s field;

(d ) in d e p e n d e n t stray  fields from  such things as e lectric m otors or 
so leno ids.
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T h e  se lection  o f low -perm eability  m aterials in general will deal with 
(a) and  (b ) and ex tensive use is m ade o f  glass-reinforced and o ther 
plastics, low -perm eability  sta inless steels and titan ium . U nfortunately  
a large p ro p o rtio n  o f  the  norm ally-used, high-strength m aterials are 
ru led  o u t because  they  are  o f  high perm eability  and are liable to pick 
up high p erm an en t m agnetism  during  opera tions such as forging, 
m ach in ing , e tc.

T his has m ean t the  u n dertak ing  o f  a large research  program m e to 
find and  test substitu tes  fo r these h igh-perm eability  com ponents in 
alm ost every  piece o f  equ ip m en t from  diesel engines to  drinking w ater 
coo lers. In som e cases such highly specialised com ponents as ball 
races, sp rings, e tc , have rem ained  and their effect has had  to be 
co m p en sa ted  fo r by the  use o f  special coils fitted to each equipm ent to 
'b a c k -o f f  the  field m easu red  afte r the equ ipm ent has been built. 
R e g re ttab ly  th e  su bstitu tion  o f  low -perm eability  m aterials has, in m ost 
cases, m ean t the  use o f  m ore expensive m aterials and, almost 
invariab ly , has increased  the unit cost, som etim es by as m uch as ten 
tim es.

E dd y  cu rren ts  can be e lim inated  alm ost com pletely by careful 
design  avoiding the  use o f  large areas o f m etal o r  continuous loops of 
p ipe  system s. T h e  use o f  eddy-curren t breaks in pipe systems and 
m achinery  base p la tes has rem oved  this problem .

S tray  m agnetic  fields due  to so lenoids, e tc, can be handled  by the 
fitting  o f  com pensating  coils o f opposite  polarity  but these are avoided 
w here  possib le since they  add w eight, are expensive and bulky, and 
in te rfe re  w ith access. M any of the  sm aller m otors (e.g. fractional 
h o rse -p o w er m oto rs) have a low enough m agnetic field to be 
accep tab le  b u t th e  larger m otors have requ ired  re-design and the 
in co rp o ra tio n  o f special com pensating  coils in o rd er to produce a 
m agnetically  accep tab le  equ ipm ent.

W hen  all the  above field-reducing techniques have been put into 
effec t, a  co m p artm en t such as the  engine room  will still be left with an 
u n accep tab ly  high to ta l m agnetic 's ig n a tu re '. T he  fu rther reduction o f 
th is s igna tu re  can  now  be accom plished by the use o f built-in 
d egaussing  coils, fitted  to  ship com partm en ts o r  groups of 
co m p artm en ts , as ind icated  in Fig 4. T hese coils enab le  the overall 
m agnetic  s igna tu re  o f  the  ship to  be reduced  and sm oothed to  an 
accep tab le  level for m inesw eeping o r  m inehunting  operations. The 
p e rfo rm an ce  o f  this system  is m onito red  and contro lled  fully 
au to m atica lly  via a m asthead -m oun ted  m agnetom eter.

Electro-magnetic compatibility (emc)
B ecause grp is tran sp a ren t to  m ost electro -m agnetic  rad iation , 

th e  screen ing  w hich is norm ally  prov ided  by steel decks and 
b u lk h ead s  is n o t p re sen t, and  special p recau tions have been 
req u ired  in the  design o f  eq u ip m en t, system s and sh ip ’s cabling 
in sta lla tion . W hole com p artm en ts  housing sensitive electronic 
eq u ip m en ts  have had  to  be sc reened , from  a  security  po in t o f view, 
w hilst o th e r  system s have had  to  be physically separa ted  to avoid the 
em b arra ss in g  tran sfe r o f  in terfering  signals from  one system  to 
a n o th e r.

Reliability and maintainability
T h e  su bstitu tion  o f  new , less m agnetic m aterials for well- 

p roven  ones in such app lications as diesel engine crankshafts and 
connec tin g  rods has necessarily  m ean t th a t s tandards o f  reliability 
es tab lish ed  ov er the  years are  no longer applicable . D ow nrating  o f 
m ach ines and  d evelopm en t runn ing  o f  p ro to types, to g e th er w ith the 
bu ild ing  o f  various test facilities, has given a deg ree  o f  perform ance 
confidence  bu t it was d eem ed  p ru d en t to  ado p t a policy o f  upkeep  by 
exchange fo r all equ ipm ents.

C arefu l draw ing exercises and  jo b  assessm ent m ethods have so far 
been  ex trem ely  successful in achieving the rep lacem ent o f all equ ip 
m en ts , including m ain engines and  g enera to rs, w ithin an alongside 
tim e o f 48 w ork ing  hours. In som e cases, special rem oval equ ipm ent 
had  to  be  devised  an d . w here possible, this was initially tried  during 
m ach inery  installa tion . In th e  case o f  the  m ain genera to rs  such an 
exerc ise  w as even  conducted  in the  full-scale m ock-up, using one o f  the 
dum m y w ooden  g enera to rs.

T h e  layout o f  the  tw o m ain m achinery  com partm en ts is show n in 
Fig 5.

Cost
T he cost o f  observing all the  afo rem en tio n ed  disciplines has not 

b een  m odest. E ven relatively sim ple m aterial substitu tions becom e 
expensive  w hen they d isrup t a m an u fac tu re r’s stan d ard  production  
r u n ; an d  w hen the  resulting  p ro d u c t itself requ ires special handling and 
sto rag e  co nd itions, the  cost goes even higher. W ith this in m ind, the 
n eed  fo r changes w as u nder constan t scru tiny , as indeed  w as the basic 
n eed  fo r each  piece o f  eq u ipm en t.

M E T A L  REINFORCEMENT TOP 

A NO  BOTTOM FOR RES IL IEN T

FIG 3 The main engine raft.
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ENGINE ROOM GENERATOR ROOM

42 STN 26 STN

FIG  5 G eneral a rra n g e m e n t o f m ain  m ach inery
co m p a rtm e n ts .

Key:
(1) M ain engine (12) Aux. SW pump
(2) Aux. engine and pulse generator (13) FW pump
(31 M ain generator (14) Calorifier
(4) A ir com pressor (15) Calorifier pump
(5) M achinery raft (16) Dieso transfer pump
(ft) Air-conditioning plant (17) Thrust block and shaft line
(7) A ir-conditioning plant SW pump (18) Hydraulic reservoir
(X) A ir-conditioning plant CW  pump (1^) Hydraulic oil cooler
m Engine heat exchanger (20) Dieso ready-use tank

(Id) Engine lube oil cooler (21) Lube oil tank
( I I ) Fire pum p (22) Lube oil sump tank

FIG 4 T yp ica l a rra n g e m e n t o f de gaussing coils.

W ith  th e  ex tensive testing  th a t was n eeded  the  ‘first-of-class’ costs 
w ere  natu ra lly  high b u t it is m ost gratifying to  know  th a t the  building 
costs o f  B recon  w ere actually  k ep t w ithin the  original budget figure 
p lus in fla tion  allow ance.

RESEARCH AND DEVELOPMENT 
Glass-reinforced plastic

A t th e  tim e o f  h e r bu ild , H M S W ilton  was the  largest grp  hull to  have 
b een  m ad e  anyw here  in the  w orld  and H M S Brecon  ex tended  the sta te  
o f  th e  a r t  even  fu rth er. T he m ain a ttrib u tes  o f grp are  its low m agnetic 
sig n a tu re , high shock-resis tance and  low m ain tenance costs. Set 
against th is are  th e  n eed  fo r tight quality  con tro l o f  the m anufacturing 
process an d  th e  difficulties o f  cutting  and  form ing a m aterial which 
c a n n o t be  w elded.

E x ten siv e  testing  p reced ed  the  building o f  W ilton  and  has con tinued 
since, associa ted  n o t only  w ith the  structu re  o f  the hull, decks and 
b u lk h ead s , b u t w ith th e  jo in ing , fastening and pain ting  o f  grp  and also 
its  f ire-resis tance . T h e  resu lt is th a t, in genera l, the  s truc tu re  o f  the 
hu ll, decks an d  som e b u lkheads is fo rm ed  of m ultiple layers o f  glass- 
fib re  c lo th , b o n d ed  by po ly este r resin. Som e non-loadbearing  bulk
head s a re  fo rm ed  o f  a grp-balsa  sandw ich. M achinery  and  equ ipm ent 
sea tings m ay be g rp , alum inium  o r  sta inless steels, depending  on  the 
com plex ity  o f  the  stru c tu re , ease o f  access, etc.

Diesel engines with low magnetic signatures
T h e  D eltic  eng ine  was chosen fo r bo th  m ain propulsion  and  as the 

aux iliary  d iesel eng ine which p roduces hydraulic pow er for slow -speed 
drive o r  e lectric  pow er fo r m inesw eeping pulses. T he com pact na tu re  
o f  the  n ine-cy linder version  o f  this engine o ffered  the  best prospects 
fo r co m p o n en t rep lacem en ts o f  such th ings as crankshafts, pistons and 
liners w ith less m agnetic  substitu tes. Extensive developm ent running 
o f  th ese  eng ines w as carried  ou t a t the  A dm iralty  E ngineering  
L a b o ra to rie s  a t W est D ray to n . T his also covered  such aspects as 
en g in e  co n tro ls , sta rting , silencers, exhaust gas scrubbers, deck- 
coo ling  p anels an d  special m ine-sw eeping pulsing gear.

33 STN
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S h ip 's p ow er genera tio n  is by m eans o f  the FD  12 engine. A gain this 
en g ine  p re sen ted  certa in  attrac tive  featu res am ongst which w ere its 
ab ility  to  accep t a c lose-coupled  single-bearing gen era to r and its 
a lum in ium  crankcase . A  sim ilar p rogram m e of substitu tion  of 
c ran k sh a fts , connecting  rods, cylinder liners and pistons was carried 
o u t a t W est D ray to n  as well as an unsuccessful a ttem pt at cylinder head 
su b s titu tio n . A  sa tisfactory  m agnetic signature which could be handled 
by eq u ip m en t and  com p artm en t coils was finally achieved by a 
p rogressive su bstitu tion  o f  ferrous fastenings, flexible hoses and 
m isce llaneous eq u ip m en t such as jub ilee  clips, b rackets and  m ounting 
feet.

Diesel engine exhaust systems
E ach  D eltic  eng ine has a com pletely independent exhaust system 

consisting  o f  a w ater-w ashed  sc rubber, a m ain silencer and an afte r
s ilencer. T h e  sc ru b b er is used  to  wash en tra in ed  oil ou t o f the exhaust 
gases by m eans o f  a series o f sa lt-w ater sprays. W here the exhaust 
p ipes pass th rough  the  m ain deck , a w ater-cooled  panel is provided to 
avo id  o v erh ea tin g  and d isto rtion  o f  the grp deck. T he whole o f  the 
ex h au st system  is m anufactu red  in titan ium  in o rd e r  to reduce weight 
an d  k eep  a low m agfietic signature. It w as extensively tested  at W est 
D ray to n .

The main hydraulic pumps
T h e  m ain  hydrau lic  system  supplies pow er to  the slow-speed 

p ro p u lsio n  d rive , the  bow  th rust pum p and to  the m ain m inesw eeping 
w inches. T h e  system  is pow ered  by four variable-delivery sw ash-plate 
pu m p s, m o u n ted  on  the  auxiliary 9-55B D eltic engine (Fig 6) and 
driven  th ro u g h  a single clutch.

T hese  pum ps are  o f  a nom inal 25 in-1 capacity. They have been under 
dev e lo p m en t fo r ov er five years and  extensively tested , both 
se p a ra te ly  and  in con junction  w ith the D eltic engine test program m e.

M ost d isappoin ting ly , a f te r  prob lem s o f slipper-p late separa tion , 
b earin g  fa ilu re , b rinelling  o f  the ball-and-socket jo in ts and  of piston 
se izu re  had  been  overcom e, the  pum ps finally had to  be dow nrated  by 
slow ing them  slightly. H ow ever, it is hoped  to effect a pow er recovery 
a t a  la te r  stage by a  com bination  o f  speeding up the auxiliary engine 
an d  ad ju s tin g  the  sw ash angles o f  the  various drive m otors.

It is w orth  m en tion ing  th a t the  stan d ard  o f cleanliness aim ed a t, and 
ach ieved  (C H A R N  2000) is far m ore dem anding than  ever before in a 
system  o f  th is volum e and  com plexity.

Machinery control
In keep ing  w ith the  cu rre n t philosophy fo r R oyal Navy m achinery 

co n tro ls , an e lectron ic  system  w as chosen . A t its heart is a contro l 
conso le  con ta in ing  140 m achinery  surveillance channels and their 
asso c ia ted  co n tro ls, and  a logic rack  con ta in ing  signal processing 
e q u ip m e n t, and  sequencing and  p ro tec tio n  logic. T he size o f  this logic 
rack  is kep t dow n by the  use o f  p rin te d  circuit b o ards em ploying hybrid 
m icrocircu its , i.e . encapsu la ted  m icrochips associated  with discrete 
co m p o n en ts , m ou n ted  o n  m ulti-layer p rin ted  circuit boards.

A t th e  tim e th is was qu ite  a  rad ical step  for the R oyal Navy and 
d ev e lo p m en t w as necessary  in the  areas o f  board  d e lam ination , pin 
security  and  herm etic  sealing , in o rd e r  sim ply to  m eet the  naval 
req u irem en ts  for shock and  env ironm en ta l cond itions such as 
te m p e ra tu re  an d  hum idity . A  rud im en ta ry  built-in  test equ ipm ent is 
a lso  fitted  (B IT E ).

Propellers
T h e  p ro p e lle rs  a re  the  largest possible ones w hich can  be accom m od
a te d  by the  chosen  hull form . T his leads to  low shaft revolutions and 
hence  th e  low est possible slip , b lade p ressu res and  tip  speeds. All these 
a re  fac to rs  con trib u tin g  to  p ro p e lle r noise an d , hence , these p ropellers 
a re  especially  q u ie t in bo th  the free  runn ing  (m inehunting) and the 
tow ing  (m inesw eeping) m odes.

It w as orig inally  in tended  to  ensu re  a low m agnetic signature by 
m ak ing  th e  p ro p e lle rs  o f  q uenched  N ovoston , bu t p roduction  
difficulties associated  w ith the residual m agnetism  in the  m etal surface 
led  to  a change to  the  non-m agnetic  silicon-alum inium -bronze at 
p re se n t used . T hese  a re  the largest p ropellers to  have been  produced  
in th is m ateria l by the  m anufactu re rs; so far, the initial fears o f poor 
e ro sio n  resistance have not m aterialised .

TEST RIGS

T o  facilita te  the  evaluation  o f  the  large num ber o f unique pieces o f 
eq u ip m en t, m any test rigs w ere b rough t in to  use, in add ition  to those 
a lread y  m en tio n ed  and  som e w ere built specifically for mcmv 
p u rp o ses . T h e  follow ing touches on  the  m ain facilities only.

Diesel engines
A t A E L  W est D ray to n  a num ber o f  test rigs w ere se t up to  carry out 

s tu d ies o f  th e  low -m agnetism  versions o f  bo th  the m ain p ropulsion  and
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FIG 6 The auxiliary 9-55B Deltic engine.
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FIG 7 Bow thruster arrangement.

th e  g e n e ra to r  eng ines. T hese  rigs also in co rpora ted  facilities fo r testing 
h yd rau lic  p um ps, electric  ac tu a to rs , exhaust scrubbers, deck cooling 
p an e ls , g earb o x es , eng ine con tro l system s and  air sta rt gear.

Hydraulics
In ad d itio n  to  the  hydraulic pum p testing  associated  with the Deltic 

en g in e  runn ing  at W est D ray to n , fu rth e r  pum p evaluation  was carried 
o u t in d ep en d en tly  o f  th e  engines.

Bow thrusters
M ine-hun ting  requ ires a vessel to  be able to hover in a safe position 

a f te r  locating  a suspicious o b jec t on  the  sea bed , whilst that ob jec t is 
in vestiga ted . In o rd e r  to  m ake th is possible, a bow th ru ste r is fitted  to 
th e  m cm v. T his is a rra n g ed  as show n in Fig 7 and consists o f  two 
in d e p e n d e n t th ru s te r  edu c to rs , pow ered  by a 210 hp hydraulically 
d riven  pum p. S election  o f  po rt o r  s ta rb o ard  th rust is by a pair of 
hydrau lically  ac tu a ted  bu tterfly  d iverter valves in the  pum p 's sea w ater 
d ischarge  p ipes. A  tes t rig was built a t W olverham pton to  enab le  the 
characteristics o f th is system  to be evaluated  and also to act as a 
p ro d u c tio n  test facility fo r the  subsequen t pum ps and  valves.

Winch testing
T h e  m ain  m inesw eeping  loops are  w ound on to  th ree  large winches, 

s ited  n e a r  the  ste rn  o f th e  vessel and  pow ered  hydraulically. In o rd e r  to 
e v a lu a te  th e  design o f  these w inches and  also to  provide a production 
tes t facility , a layout rep re sen ting  the  sw eep deck o f  HM S Brecon was 
bu ilt a t W olverham pton . T his en ab led  all th ree  w inches to  be tes ted  to 
verify  m axim um  safe, and  overlo ad , conditions, continuous running 
capab ilities , veer and  haul speeds, b rake  capacities and control 
aspects. A  fu rth e r  advan tage  o f  this rig was th a t the Royal Navy 
specialists w ho w ere w riting the opera ting  p rocedures for the 
m inesw eeping  eq u ip m en t w ere able to  o p era te  the w inches and 
suggest m odifica tions to  bo th  con tro ls and  p rocedures, to the m utual 
ad v an tag e  o f  bo th  groups.

Grp test section
A  g rea t deal o f  research  and  developm ent w ork was carried  out 

p r io r  to  th e  build ing  o f  H M S W ilton. This was con tinued  by the 
bu ild ing  o f  a -/.i scale test section o f a ship for evaluation  at the 
A d m ira lty  M arine T echnology E stab lishm ent at D unferm line. In

p a rtic u la r, th is w as em ployed  to  evaluate  the  resistance to  shock o f  grp 
jo in ts  m ade by d ifferen t techn iques, a vitally im portan t area  o f 
know ledge fo r a vessel to  be used  in a m ine-hunting  o r  sw eeping role.

Fuelling rig
Since g rp  is non-conducting , any build-up o f  e lec trosta tic  charge can 

b ecom e very dang ero u s if it is allow ed to  reach discharge conditions. 
In o rd e r  to  d e te rm in e  th e  ea rth in g  requ ired  fo r the fuel system , a test 
rig w as bu ilt a t S o u th am p to n , and  o p e ra ted  by Southam pton  
U n iversity , w hich sim ula ted  the  fuelling tru n k , valves, p ipes, filters 
an d  o n e  o f  the  m ain fuel tan k s o f  the mcmv.

P o ten tia lly  dang ero u s s itua tions w ere show n to exist in the original 
design  o f  the  system  and  several basic rules w ere established . For 
ex am p le , p lastic  p iping should  no t be used in fuel system s; im pure fuel 
causes m uch w orse sta tic  build -up  th an  pure fuel; ru b b er diffusers at 
p ipe  o u tle ts  lead  to  very high sta tic  voltages; and  every m etal fitting in 
a  g rp  tan k  m ust be ea rth ed . In add ition  it was found th a t, if fro th ing  of 
th e  fuel o ccu rred , th en  large sta tic  voltages could build up. C orrect 
fuelling  techn iques an d  ad eq u a te  system  earth ing  w ere show n to 
rem ove all h azard  from  sta tic  electricity  build up.

Shore test facility
E arly  c o m p u te r  stud ies had  ind icated  th a t prob lem s could exist with 

th e  dynam ic response  o f  th e  m ain p ropulsion  system , particularly  
u n d e r  v io len t m anoeuvring  conditions. T his, and the novelty of several 
fea tu re s  o f  the  design , led to  the  decision to build a shore-test facility 
(stf) a t W oolston . T he facility consists o f  an engine room  and hydraulic 
p u m p  ro o m , con ta in ing  all the  essential m ain and slow -speed drive 
co m p o n en ts  as well as the  stand-by  hydraulic pum p unit, control 
system , pulsing  eq u ip m en t and  winch sim ulators to  provide hydraulic 
loads.

P ro p e lle r resistance is sim ula ted  by com puter-con tro lled  loading of 
the  tw o m ain  drive b rakes.

A s tes t resu lts o f individual item s o f  equ ipm ent becam e available, 
th e  initial co m p u te r  sim ulation  was u pdated  progressively until a very 
goo d  ag reem en t was being ob ta in ed  w ith the stf results. A t this stage 
th e  sim ulation  could  be used  to  p red ic t so lu tions o f the  various contro l 
p ro b lem s being  e n co u n te red , and  thus to  assist in the choice o f the 
o p tio n s  availab le . T he chosen solu tion  was then  evaluated  in the  shore 
te s t facility p rio r  to  approval for fitting in the  ship.

In ad d itio n  th e  stf has b een  used to evaluate  the con tro l system and
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d e te rm in e  initial se ttings to  be app lied  to  the ship; to  w rite and check 
o p e ra tin g  p ro ced u res; to  evaluate  m any of the inevitable m odificat
ions; an d . to  a lesser d eg ree , to  obtain  initial estim ates o f noise and 
v ib ra tio n  levels to  be  expected . Since the com m issioning of HMS 
B reco n , the  w ork  in the  s tf  has tu rned  m ore tow ards endurance 
ru n n in g , evalu a tio n  o f  m ain tenance  procedures, and  latterly  to a large- 
scale reliab ility  study. In d u e  course it is in tended  to rem ove and 
re fu rb ish  the  stf equ ip m en t and fit it into a la ter ship o f the class.

Magnetic ranges
T h e  success o f  the various m easures taken  to  reduce the magnetic 

sign a tu res o f  equ ip m en ts could only be determ ined  by m easuring 
tho se  s igna tu res. T his was ca rried  o u t at the  Naval M agnetic R anges at 
Slough and  P o rtland . In o rd e r  to  obtain  a com plete m agnetic picture of 
th e  sh ip , m any thou san d s o f item s as diverse as beer cans, spare gear, 
b o oks and  tools w ere ranged , as well as the m ore obvious item s such as 
d iesel eng ines, electric  m o to rs, steering  gear units, etc.

O n ce  again  a  com p u ter m odel was used which related  m agnetic 
sign a tu res to  position  w ithin the  ship, and built up a to tal ship 
s ig n a tu re , initially based  on estim ates o r raw m easurem ents but 
g radually  refined  as m o re  equ ipm ents w ere m odified and as the 
stow age positio n s 'o f such things as spare gear w ere clarified. Thus the 
success o f  the  m easu res to  keep  dow n the sh ip 's m agnetic signature 
cou ld  readily  be guaged as the  design progressed , and those areas 
w here  m ore  effo rt (an d  m oney) was needed  could easily be identified.

Full-scale ship mock-up
T h e  m ach inery  spaces had been  the  subject o f  a l/s scale m odel 

d u rin g  feasability  stud ies, and also o f  a Vio scale m odel used as a 
d raw ing  office design  too l. H ow ever, the  bringing together o f  all the 
design  effo rt cu lm inated  in the building of a full-scale m ock-up of the 
en tire  sh ip . T his w as the first tim e this had  been a ttem p ted  for a surface 
sh ip  fo r th e  M inistry  o f  D efence. In this m ock-up every piece of 
eq u ip m e n t an d  m ost system s w ere rep resen ted  in w ood and card
b o ard . A ll system s and  equ ipm en ts w ere carefully checked for 
accessib ility , m ain tenance  ‘envelopes’, rem oval rou tes, operating  and 
shock  c learan ces , etc.

M any p ro b lem s w ere identified  and  solved before construction 
s ta rte d  on  the  p a rt concerned  in the actual ship. T he result was m ore 
confidence  in the  deta iled  design and, since very detailed  
co m p artm en t inspections could be carried  ou t in the m ock-up, the 
n u m b er o f  such inspections requ ired  in H M S Brecon  was reduced.

Time scale
A dm ira lty  B oard  approval for HM S Brecon  was given and a 

sh ipbu ild ing  co n trac t was placed in A pril 1975. The ship was launched 
in Ju n e  1978 and  accep ted  into Royal Navy service in D ecem ber 1979. 
Bv the  tim e o f  h er acceptance a second vessel o f the class was fitting out 
a t W oolston  an d  a th ird  w as nearing  hull com pletion. Subsequently, 
co n trac ts  have been p laced for four m ore ships o f the class.

M essrs Y arrow  have been nom inated  as the second builders o f this 
class o f  ship. T hey are  already  m aking good progress with the structural 
w ork  o f th e ir  first sh ip  and  have com m enced w ork on the hull o f their 
second  one.

THE BUILDING PROCESS

The ship's structure
The main mould

T h e  hull is built in an alum inium  m ould, 6()m long, which is 
co n s tru c ted  in 17 parts  and  can  be w heeled  into position. W hen the 
sh ip 's  s tru c tu re  has reached  a  sufficiently advanced stage to  be rigid 
e n o u g h , the  m ould  is rem oved  section by section and transported  to 
th e  build ing  slip for the next ship.

T h e  hull is fo rm ed  from  overlapping strips o f glass-fibre cloth 
im p reg n a ted  with po lyeste r resin. In  general, each strip runs 
con tinuously  from  the gunw hale on one  side dow n to the heel and on 
up  to  th e  tu rn  o f  the  bilge on the  o th e r  side. It is overlapped  by a second 
str ip  com ing from  the o pposite  gunw hale. The polyester resin is 
w o rk ed  th rough  the  glass fibres until all air has been excluded. 
Successive layers o f glass cloth are  applied  until the requ ired  thickness 
o f hull has been  achieved.

Stiffening
T ransverse  stiffening fram es are  shaped  over form ers m ade of rigid

fo am , w hich are  b o nded  to  the  hull shell. G lass-fibre cloth and 
p o ly es te r resin  is th en  w orked  ov er the  fo rm ers and overlapped  on to 
th e  hull. Successive layers o f  c lo th  are  built up until the desired 
s tren g th  and  stiffness is achieved. It shou ld  be no ted  th a t the rigid foam 
co n trib u te s  no th ing  to  the  hull stren g th , bu t simply provides a form er 
fo r the  shap ing  o f  the  grp. Since no p igm ent is in co rpo ra ted  into the 
resin  during  th is lam inating  process, voids o r air bubbles can usually be 
d e te c te d  by visual inspection . C arefu l quality  con tro l is needed  o f both  
resin mix and  o f  the  glass/resin ratio  in o rd e r  to  m aintain  the requ ired  
s tru c tu ra l p roperties .

Flat and cambered panels
F lat panels fo r bu lkheads and cam b ered  panels for decks are form ed 

in a sim ilar m an n er to  th e  hull by th e  laying dow n o f successive strips of 
g lass-fibre clo th  on  flat o r  cam bered  surfaces. T h e  panels so p roduced 
a re  th en  m ark ed  o u t w ith the aid of tem p la tes, and the  bu lkheads, tank 
to p s , deck  sections, e tc ., are  cut o u t m uch as a d ressm aker will cut 
m a te ria l with the  aid  o f p a tte rn s, seeking  to  m inim ise w asted  m aterial.

T h ese  pan e ls  and  deck pieces are  th en  stiffened in the  sam e way as 
th e  hull and the  finished sections are  secured  in position  in the  hull by 
lam inating  successive layers o f  glass-fibre cloth betw een  them  and the 
hull. A s p roduction  m ethods have been  refined , progressively m ore 
p re-fittin g  o f  such th ings as cable trays, small p ipes, sw itch boxes and 
ven tila tio n  tru n k in g , has been  possible. H oles fo r pipes and  cables 
have  also been  p re-drilled .

All cu t edges o f grp  have to  be w iped w ith po lyeste r resin  in o rd e r to 
seal th e  exposed  edges o f  glass fibres, thus reducing the  hygroscopic 
effec t, and  conseq u en t w eight increase , caused by capillary action. 
A ny  reduction  in the  am ount o f  edge sealing needed  w ithin the ship 
red u ces the  use o f  resins in enclosed spaces and hence eases the 
ven tila tio n  p rob lem  during  building and  im proves w orking conditions.

Delayed lamination
If  th e  tim e in terval betw een  the laying o f one  glass cloth and  the next 

is to o  long, then  the curing of the first layer will have p roceed ed  too  far 
an d  a  good  bond  betw een  the tw o layers will n o t be  achieved. W hen 
th is hap p en s , special p rep ara tio n  techn iques, such as m echanical 
ab rad in g , have to  be used before fu rth e r  c loths can  be laid. W here 
clo ths have to  be laid on to  fully cured  resin , w hat is know n as a 
secondary  bon d  is fo rm ed . This has been  show n to  be w eaker than  a 
p rim ary  bond . T h e  accep ted  tim e delay limit fo r a prim ary  bond  is 
seven  days.

Through bolting
T h ere  are  m any places in the structu re  w here secondary  bonding 

c an n o t be avo ided  and  one such place occurs w here the  m ain 
bu lk h ead s jo in  the hull. T ests carried  o u t in the 2/ j  scale test section 
show ed  th a t secondary  bonds in the  sh ips ' s truc tu re  can  lead to failure 
o f  the  jo in ts  u n d e r the  shock conditions likely to  be m et in service.

B ecause  o f this it was found  necessary to  s treng then  these jo in ts by 
bo lting  th ro u g h  them , as show n in Fig 8. In the hull these bolts.are of 
titan iu m  and  com press the jo in ts  sufficiently to  give good shock 
resistance . In o rd e r  to  ensure  w atertigh tness, the hull bolts are  dipped 
in a  m astic sea lan t befo re  being pu t in place and a glass-fibre g rom m et 
is p laced  u n d er the head  o f  the  bolt. AH the  ex ternal hull bolts are 
recessed  and  faired  in to  the  hull, using epoxy pu tty  to  ensure  a sm ooth 
finish.

POLYESTER FILLER

FIG 8 A typical bulkhead to hull joint.
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Shaped sections 
T h ro u g h o u t the  ship there  are m any structu res which cannot be 

p ro d u ced  from  flat o r cam bered  panels, and these have to be 
se p a ra te ly  m anu fac tu red  in their own m oulds o r  on special jigs o r 
fo rm ers. T hey  range from  such things as the funnel and the m ast, down 
to  sm all pum p seatings and loose tanks.

Sandwich bulkheads 
W h ere  b u lkheads do  not have to  bear loads, use has been m ade of 

g rp -b a lsa  sandw ich which has the advantage o f being lighter than 
single-skin  g rp  and  can be ob ta in ed  in a variety  o f  attractive finishes. 

Adhesives
It has p roved  possible to  em ploy p rop rie tary  adhesives to  secure 

m any  sm all item s to  the structu re  w ithout sacrificing the shock- 
resis tance  o f  the installa tion . C learance has now been given for items 
w eighing up to  2kg to be secured  in this way but above this weight 
bo lting  is genera lly  used.

Wastage
O n e  p rob lem  w ith the  use o f grp  is the apparen tly  high wastage o f 

m a te ria l. O nce the resin is m ixed from  its com ponent parts it will start 
to  cu re  an d  m ust be used within a lim ited tim e. Resin not used during 
th is tim e can n o t be reclaim ed. T he glass-fibre cloths are cut to size and 
sh a p e  from  long rolls before  lam inating  an d , w hen the various pieces 
o f  g rp  have been  p ro d u ced , they  all requ ire  trim m ing o r cutting  to 
ach ieve  a  closely d im ensioned  edge.

All th is causes w astage an d , reg re ttab ly , few o f the offcuts can be 
rec la im ed . H en ce , initially, very high w astage ra tes w ere occurring 
b u t, by d in t o f  experien ce , good housekeep ing , and the education  of 
p e rso n n e l, w astage ra tes  as low as 25 p er cen t are now being achieved 
an d  e ffo rts  a re  con tinu ing  to  reduce  this even further.

The fit out
Machinery rafts 

T h e  m ain  eng ines, auxiliary pulse generation /hydrau lic  pum ping 
en g in e , th e  m ain  g en e ra to rs , a ir conditioning p lan ts and m ost o f  the 
ancilla ry  pum ps and  coo lers are  m o u n ted  upon four large grp rafts. 
T h ese  a re  lifted in to  the  hull p rio r to  the  placing o f  the  two deck 
sec tions ov er the  eng ine room  and  the  g en era to r room .

In Brecon  these  rafts w ere lifted in to  place bare , b u t in la ter vessels 
m o re  an d  m ore p re-fitting  w ork  has been  carried  ou t p rio r to shipping. 
It is im p o rtan t th a t these  rafts shall have room  to  flex und er shock 
w ith o u t s trik ing  any o f  the  sh ip ’s struc tu re . F or this reason the final 
drilling  and  fixing o f  the  m oun ts is left until the rafts are fully loaded.

The main engine raft 
W h ereas the  o th e r  th ree  rafts can be left to  flex naturally  under 

shock  co nd itions, prov id ing  allow ance is m ade for this flexure in pipe 
an d  stru c tu ra l c learances, the  m ain engine raft is sub jec ted  to  a grea ter 
restric tio n  o f m ovem en t due to  the  presence o f the m ain shafting.

T h e  o u tp u t drive is tran sm itted  th rough  a  flexible cardan  shaft, 
p laced  b etw een  the  eng ine and  the  th rust block, but this is lim ited in 
th e  d eg ree  o f  m ovem en t w hich it will accep t, particularly  in the fore- 
an d -aft d irec tion . H ence each m ain engine is fitted  w ith a pa ir o f rake 
an d  ram m ing  stays w hich are  connected  betw een  the engine feet and 
th e  th ru s t block seating . T hey dam p ou t fore-and-aft m ovem ent o f the 
m ain  eng ine  raft.

S hould  this m ovem ent be to o  g reat for these stays to restrain  on their 
ow n, th en  a set o f  ru b b er buffers com es into con tact with the raft, 
fu rth e r  to  restra in  the  m ovem ent and  p reven t dam age to  the cardan 
shaft.

Raft and shafting alignment 
T h e  a lignm ent o f  the  m ain engine raft and  the shafting is m ore than 

usually  com plica ted  by the  flexibility o f  the raft system  and special 
p ro ced u res  are  n eed ed  to deal w ith the prob lem . W hen the main 
en g ine  raft is first lifted in to  the  ship, it is set upon solid m ounts and 
th e n  lo aded  by w eight sim ula to rs to deflect it into its working position. 
A fte r  th e  shaft line has been  established by optical m ethods and the 
" A ''-b r a c k e ts ,  ste rn  tu b es and th rust blocks fitted , the m ain engines 
an d  raft m oun ts are  pu t in place. T he raft m ounts are  shim m ed so as to 
position  the  eng ines in the  best alignm ent relative to the cardan shafts. 
Finally  th e  ca rdan  shafts are fitted  and  the raft m ounts are drilled and 
fixed in place.

Overhead fixing
Possibly the  m ain a rea  in which the structu re  has affected the norm al 

fitting -ou t techn iques em ployed in steel ships has been that of

a ttach m en ts  to  the  sh ip 's  stru c tu re ; and in particu lar overhead  
a ttach m en ts . W here  the  loads to  be carried  are  sm all, the fixing is 
genera lly  do n e  by m eans o f  p rop rie tary  adhesives bu t for the larger 
loads , such as p ipe hangers, the  deckhead  has to be  drilled  to  take  a 
p a te n t fastening.

T h e  position ing  o f  these  fastenings, and indeed o f  any penetra tions, 
includ ing  those  fo r pipes and cables, is severely lim ited by a  restriction 
o n  d rilling  th rough  the  secondary  bonding ad jacen t to  bu lkheads, 
stiffen ing  fram es, etc. H ence qu ite  large areas o f  deckhead , which 
w ould  norm ally  be available for fixings in a steel ship, are  b arred  in the 
g rp  s tru c tu re .

F u rth e rm o re , the  m axim um  load  w hich may be applied  to  a hanger 
is lim ited  by the  need  to  avoid delam inating  the  structu re  u nder shock, 
an d  th is has m ean t th a t, in genera l, m ore hangers have had  to  be 
e m p lo y ed  and  pu ll-ou t inserts p laced  a t the anchor poin ts. Pre-drilling 
req u irem en ts  and  the need  to  accom m odate possible accum ulated  
to le ran ces  in p ipe system s has also led to  the adoption  o f  hanging 
system s capab le  o f  tak ing  out-of-line loads.

T h e  ou tco m e o f  these special requ irem en ts has been  that the  pipe 
hanging , fo r alm ost every  system , has becom e a carefully  contro lled  
d raw ing  office task , ra th e r  than  the  “one hanger every yard - fit at 
sh ip " , o f  the  past.

Floorplates and supports
T h e  floo rp la tes in the  m achinery  spaces are supported  by goalpost

sh a p e d  gan tries w hich are  built up from  the  sh ip ’s fram es. These 
g an tr ie s  also su p p o rt guard-rails w here necessary and the under-floor 
p ipe  an d  cable  system s are  suspended  from  them . O nce again, despite 
th e  ad v an tag es gained  from  the  full scale m ock-up, alm ost every 
g an try  w as th e  sub jec t o f  a de ta iled  design study. This w as partly  due to 
th e  res tra in ts  o f the  lim ited num ber o f  support positions, partly  to  pipe 
congestion  an d  partly  to the  need  to  leave ad eq u a te  shock clearances 
b e tw een  the  floorp la te  assem blies, the rafts , and  raft-m ounted  
eq u ip m en ts .

T h e  floo rp la tes  a re  m ade from  com pressed  w ood lam inates and the 
g an tr ie s  are  o f alum in ium , excep t th a t at the  foo t o f  each access ladder 
is a  p la tfo rm  o f  sta in less steel fo r safety reasons; and occasionally some 
su p p o rts  a re  m ade o f  sta in less steel because pipe congestion has ruled 
o u t the  use o f  bulky alum inium  supports. In o rd e r to  avoid eddy 
cu rre n ts  being  se t up  in the  floorp late  support fram ew ork, insulating 
w ashers , pads and  bushes are  inse rted  a t key points in the structu re.

The electrical installation
T h e  m ain  elec trica l system  is 440V th ree-phase  60 H z, supplied from 

th e  th re e  200 kW  diesel g en era to rs . Pow er d istribu tion  is via a main 
sw itchboard  w hich is s itu a ted  alongside the m achinery contro l console 
in th e  sh ip 's  con tro l cen tre . E m ergency pow er is ob ta ined  from  a 
h an d -s ta rted  se lf-con ta ined  60 kW  gas-turbine genera to r, located  on 
01 D eck , fo rw ard  o f  the  m ast. T his g en era to r has its own separa te  
sw itchboard .

C o n v e rted  supplies fo r such th ings as m achinery  con tro ls, in ternal 
com m un ica tio n s, rad a r, so n a r and rad io  are all derived  from  the m ain 
440 V system .

Electric cabling techniques
M a jo r cable runs are  p laced  in bundles on cable supports in the 

n o rm al way b u t each o f  the  supports is subject to  prob lem s sim ilar to 
th e  p ipe supports.

M inor cable runs a re  how ever secured  to  cable trays m ade from  
co rru g a te d  g rp  strips. T hese  strips are bonded  to the  sh ip 's structu re 
w ith  p ro p rie ta ry  adhesives. T he cables are  secured  by plastic straps, 
passed  a ro u n d  th e  cab les an d  beh ind  the p roud  sections o f the 
co rru g a tio n s .

L ightw eight cable  ru n s, eg ., lighting cables, are fixed by plastic 
strap s , secu red  d irectly  to  the  bu lkhead . This m ethod  is now also 
em p lo y ed  in o th e r  th an  m ine coun term easu re  vessels.

In o rd e r  to  achieve sim ple and  rapid  disconnection o f  equ ipm ent for 
‘u p k eep  by ex change ' p u rposes, extensive use is m ade o f the Pattern  
608 m ulti-p in  connecto rs.

Earthing systems
G rp  s tru c tu re  is non-conducting , so th a t the natura l earth ing  

capab ilitie s  o f  a  steel hull have to  be p roduced  artificially. This is done 
by m eans o f an earth ing  and  lightning conductor system  which extends 
th ro u g h o u t the  ship. It consists o f  th ree  bare alum inium -silicon-bronze 
p la te s , le t in to  the  u n d erw ate r hull. Tw o of these form  the  m ain 
e a rth in g  system , w hilst the  th ird  is used to ea rth  the m f/hf transm itter 
w hich  req u ire s  a sep ara te  system  in o rd e r to  reduce in terference.
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T h e  m ain p la tes are  connected  to two separa te  cable systems which, 
b e tw een  th em , connect to  every m ajo r equ ipm ent in the ship. In 
ad d itio n  to  the  norm al safety function , the earth ing  system is also 
re q u ire d  to  prov ide a leakage path  for any static electricity build-up in 
fluid system s o r  tanks , e tc. H ence the  various parts o f all fuel and 
lu b rica ting  oil system s are also connected  to one o r o th e r  o f the main 
e a r th  system s.

Magnetic ring breaks
A s a lready  s ta te d , it is necessary to  p reven t the generation  o f eddy 

cu rre n ts  in p ipe system s, floorplate  structu res, e tc ., by inserting 
m agnetic  ring b reaks w hich in terrup t the flow of eddy curren ts around 
any  loops. In a floo rp la te  struc tu re  this is a com paratively simple 
m a tte r , bu t in the H P hydraulic system  (see Fig 9) special designs of 
p ipe jo in ts  had  to  be developed .

A fte r  having se p ara ted  the pipe systems m agnetically, it may be 
necessary , from  a safety po in t o f  view, to  earth  all, o r  m ost, o f the 
sec tions so fo rm ed , in o rd e r to  avoid static electricity build-up. In 
ach ieving th is ea rth in g , it is very im portan t that the eddy curren t loops 
a lread y  b ro k en  by the m agnetic ring breaks shall not be re-connected 
via th e  e a rth  connections.

T hese  ra th e r  unusual requ irem en ts have necessitated a much higher 
d eg ree  o f  a tten tio n  to deta il during assem bly o f  pipe system s, etc., 
th an  is usua l; as well as a requ irem en t for extensive and carefully 
d isc ip lined  testing.

Painting
It p ro v ed  very difficult to  get a good coat o f pain t to stay on the hull 

o f  B recon. T h e  prob lem  was found to  be due to polym erisation o f  the 
resin w ith the  polyvinyl ace ta te  (pva) release agen t. The la tter is used 
to  co a t the  m ould , p rio r  to  the  laying up o f the hull, in o rder to 
fac ilita te  easy rem oval o f  the  sections at a la ter da te . This release agent 
had  to  be  rem oved  com pletely  in o rd er to secure good adhesion o f  the 
pain t. T he hull o f  L edbury  w as com pletely sand-blasted  but for later 
sh ips the  use o f  the  pva release agent has been discontinued and only 
liquid wax polish is now  used.

T h e  cu rren t M inistry o f D efence (N avy) philosophy is to  use a 
h igh ly-p igm ented  tie coat and  a b a rrie r  coat on the  bare hull. These 
co a ts  a re  in ten d ed  to  rem ain  on the hull during  subsequent re-painting 
an d  a re  d istinctively co loured  to  avoid accidental rem oval during  paint 
p re p a ra tio n . T he norm al range o f  M O D  pain ts are  then  applied  on top 
o f  these  tw o coats. O th e r  schools o f thought favour a chem ically 
e tch ing  p rim er pain t to  secure the all-im portan t first coat adhesion.

Bilge painting
In Brecon  an  in tum escen t resin coating  was used in bilge areas. 

U n fo rtu n a te ly , th is had  several d isadvantages which included a 
severe ly  restric ted  p o t life, as well as being virtually im possible to 
tou ch  up and  to  clean . B oth  Brecon  and  W ilton  w ere dissatisfied with 
th e  ap p earan ce  o f  th e ir  bilges w ithin a com paratively  short tim e and 
la te r  ships have been  left w ith u npain ted  bilges.

Firefighting
W hen grp  fo rm ed  from  chopped  strands, ignites, it rapidly loses its 

m echan ical p ro p erties  and  d isin tegrates. Form ed  from  w oven glass- 
fib re  c lo th , on  the o th e r  han d , it will re ta in  its physical shape after the 
resin  has b u rn t and  the  glass cloth will con tinue to act as a fire curtain . 
F o r th is reason  w oven glass-cloth is used in all im portan t applications 
in the  m cm v and  this decision has been backed up by extensive testing.

In B recon  the  tw o m achinery  spaces are particularly  vulnerable  to 
fire . D am age to  the rafts could have ca tastroph ic  consequences. Both 
these  spaces are  there fo re  prov ided  with chem ical spray firefighting 
system s, associated  with fum e detec to rs and crash-stoppage of 
v en tila tion .

B ecause g rp  is a very p o o r heat conductor, the chem ical spray is 
b ack ed  up by a fixed sa ltw ater spray system  to  preven t re-ignition. 
B ecause o f the  unusual aspects o f  grp . all firefighting techniques are 
d irec ted  tow ards early  detec tion  and rapid response on a large scale.
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COMMISSIONING AND EVALUATION 
Setting-to-work

P rio r  to  the  com m encem en t o f  co n trac to r’s sea tria ls (cst) in HM S 
B recon  in O c to b e r  1979, a num ber o f  prob lem s had m anifested 
th em se lv es, e ith e r  in the  shore  test facility o r  during  the  setting-to- 
w o rk  o f th e  ship.

Violent manoeuvering 
T his p rob lem  has already  been  m en tioned  in connection  with the 

o rig in a l co m p u te r  sim ulation  and  w orst fears w ere justified  as soon as 
th e  stf  began  to  o p e ra te . In its sim plest form  the problem  was th a t the 
m ain  eng ines w ere no t pow erful enough  to  reverse the  propellers from 
‘a h e a d ’ sp eeds o f  m ore th an  abo u t six kno ts, w ithou t stalling. Two 
asso c ia ted  p rob lem s, how ever, cam e to  light as soon as evaluation 
co m m en ced , and  they had  to  be  solved before the m ain stalling 
p ro b lem  could  be tack led .

Engine power at low revs 
A lth o u g h  the  D eltic  engines developed  th e ir  specified pow er at full 

rev o lu tio n s , th e  p ow er available  a t clutch engagem ent speed  was only 
a frac tio n  o f w hat had  been  expected . In o rd e r to  correc t this, a faster 
scavenge b low er w as fitted  w hich em ployed a h igher gear drive ratio ; 
an d  th e  g o v e rn o r ch aracteristic  was ad justed  to  resto re  the required  
p e rfo rm an ce  a t the  u p p e r end  o f  the  pow er range. This m odification 
w as ch eck e d  by the  sim ulation  p rio r to  fitting , and  was show n still to 
fall sh o rt o f  th e  com plete  answ er to  th e  stalling problem .

Clutch equalisation 
A lth o u g h  the  p rop e lle rs  are  ‘h an d ed ’, the engines are no t and 

h en ce , w hen  th e  sh ip  is going ah ead , one  engine is effectively ‘going 
a s te rn ’ - o r  ra th e r  using th e  ‘a s te rn ’ gear tra in . W hen  shaft reversal 
to o k  p lace , th e  clu tching tim es fo r th e  two engines w ere significantly 
d iffe ren t an d  they had to  be equalised  since the first engine to  go astern  
to o k  all th e  load  and  sta lled , the  second follow ing suit soon afterw ards.

E qu a lisa tio n  w as ach ieved  by fitting  the  hydraulic clutch-actuating 
c ircu its w ith ex te rn a l cham bers which had to  fill before clutch 
o p e ra tio n  to o k  p lace. T hu s the  clutches w ere slow ed to  the speed of 
th e  slow est. A  la te r  m odifica tion  inco rpo ra ted  these equalisation 
ch am b ers  in to  the  clu tch  housings. B oth  these m odifications were 
availab le  in tim e to  th e  in co rp o ra ted  in H M S Brecon  p rio r to 
c o n tra c to r 's  sea tria ls (cst) b u t the  stalling problem  was still show ing on 
th e  s im ulation  and  in the  stf; an d , indeed , w as clearly d em onstra ted  in 
B recon  during  cst. T h e re  w ere a num ber o f ways in which the stall 
cou ld  be avo ided .

Soft clutching 
O n e  w as to  engage the  clu tches slowly, as one does in a car. This was 

n o t seriously  considered  since the  sim ulation show ed that the heat 
d issipation  in the  clu tches w ould p robab ly  exceed the cabilities o f the 
clu tch  m ate ria ls  an d  hence a m ajo r redesign would be required .

Shaft braking
S haft b rak es a re  fitted  in the mcmv and it was considered  possible to 

a rra n g e  for th em  to  be app lied  during  a crash m anoeuvre and then 
re lease d  ju st p rio r  to  clu tch  re-engagem ent. This was show n to  be 
feasib le  by the  s im u la tion , bu t the com plexity  o f the  circuitry necessary 
to  e n ab le  the  system  to  d ifferen tia te  betw een  a crash , and  a non-crash, 
m an o eu v re  was th o u g h t to be unaccep tab le .

Engine speed cam modification 
T h e  m ost p rom ising  line o f  investigation was show n by the 

sim u la tio n  to  be  th a t o f  raising the engine idling speed and then 
speed in g  up the  eng ines before  allow ing the  clutches to re-engage- 
so m ew h at akin  to  reving up a car engine before pulling away on a hill. 
A gain  the  ex ten t to  w hich th is could  be used was lim ited by the  am ount 
o f  p ow er w hich the  clu tch  could dissipate during  the engagem ent 
pe rio d . A  special eng ine speed  cam  was m anufactured  for the engine 
co n tro l linkages an d  was d em o n stra ted  in the stf to have raised the ship 
sp e ed  th a t could  be  handled  to  alm ost 12 knots.

Clutch inhibit 
A  relatively  sim ple m odification  to  the electronic m odule 

c o n tro llin g  th e  clu tch  o p era tio n  delayed  the  clutch re-engagem ent 
se q u en ce  until th e  sh ip 's  speed  had d ro p p ed  sufficiently to  avoid 
s ta lling  the  eng ines. W hilst th is w as sufficient to ensure safe 
m an o eu v rin g  w hen used in con junction  w ith the m odified  speed cam , 
it w ould  have b een  unaccep tab le  by itself because o f the long time 
delay  and  ex tra  reach  o f  the  ship th a t w ould have been needed . A

co m b in a tio n  o f  th e  m odified  clutch con tro l logic and  the  new  speed 
cam  w ere  fitted  fo r th e  F inal M achinery D em onstra tion .

T h e  m odifica tions arising  from  this series o f tria ls have p roved  m ost 
re liab le  in service.

Pipe brazing
T h e  m ain  hydrau lic  system  is m ade o f  alum inium -silicon-brass pipe 

(T u n g u m ) an d  alum inium -silicon bronze fittings. T hese m aterials have 
b een  chosen  fo r th e ir  very good  m agnetic p roperties and  low weights.

O n  th e  15 N o v em b er 1977 the  s tf  was nearing  com pletion  and loops 
o f  th e  hydrau lic  system  w ere being  tes ted  with one o f the brazed  jo in ts 
in th e  s tand -by  pum p circuits failed com pletely und er a test p ressure of 
3200 Ib/in2, U pon  exam ination  it ap p eared  th a t the re  was very little 
bo n d  b e tw een  the  p a ren t m etals and the  filler m etal. F u rther 
ex am in a tio n  show ed  th a t th e re  w as a w idespread , and  poten tially  very 
d an g e ro u s , lack o f  bonding  in m ost o f the brazed  jo in ts, and hence a 
h igh  p robab ility  th a t the brazing  m ethod  em ployed w as itself a t fault.

Since th e  m an u fac tu re  o f  pipes fo r Brecon  was already in hand and 
in d eed  som e p ipes had  a lready  been  fitted , this was posing a very grave 
th re a t  to  th e  build ing  p rog ram m e.

A  tw o -p ronged  a ttack  was im m ediately  m ou n ted . F irs t a  series of 
ex p e rim en ts  an d  co nsu lta tions was pu t in hand  to  dete rm in e  a safe and 
su itab le  b razing  m eth o d ; secondly a m ethod  of de term in ing  w hen a 
sa tisfac to ry  jo in t had  been  achieved was searched  for.

By section ing  com pleted  jo in ts  the  lack o f  bond  was seen to be 
be tw een  the  b raz ing  alloy and  the  A l-Si-B ronze fittings and a black 
ox id e  w as p re sen t on  th is side o f the  jo in t. T h e  brazing alloy was 
fo rm ing  a go o d  bon d  w ith the  T ungum , b u t it was no ted  th a t in places 
th e  cap illary  action  n eed ed  to  get the  alloy in to  the  jo in t had  broken 
dow n d u e  to  th e  existence o f  to o  large a  gap betw een  tube and  fitting.

A f te r  a m ost exhaustive series o f  tests it was found th a t the best 
resu lts w ere achieved by p lating  the  fittings w ith 0.002 in o f  copper, 
ju s t suffic ien t to  delay  ox idation  and  thus allow the  brazing  alloy to 
fo rm  a  good  bond .

V arious m eth o d s o f  exam ining com pleted  jo in ts  w ere investigated, 
inc lud ing  dye p e n e tra n ts  (which only show surface faults), and 
rad io g rap h y  (gives p o o r resu lts on  rough cast surfaces). Finally 
u ltrason ic  inspection  was chosen , desp ite  its draw backs o f  sensitive 
tun ing  an d  possib le o p e ra to r  optim ism . C ourses in this w ere given to 
b o th  th e  Q uality  C o n tro l sta ff and the N aval overseers.

T h e  en d  resu lt o f  these very lengthy investigations w as a  vastly 
im proved  sta n d ard  o f  b razed  jo in ts —  bond areas o f up to  90 per cent 
w ere  being ach ieved  —  and a very relieved team  o f skilled craftsm en, 
w ho  had  begun  to  w o n d er ju st w hat they  w ould have to  do to  jo in  these 
tw o  m etals.

Machinery controls
T h e  se tting -to -w ork  o f  the  con tro l system  in the  stf highlighted a 

n u m b er o f  p rob lem s w hich could not be allow ed to  be repeated  in 
H M S Brecon . B road ly  speak ing , they  resolved them selves in to  two 
n o t u n re la ted  areas ; th e  large n u m b er o f  ea rth s, and  th e  p roblem s 
asso c ia ted  w ith the  use o f  P a tte rn  608 connectors.

Control system earths
E a rth s  seem  to  fall b road ly  in to  four categories

(1) In co rrec t in sta lla tion  e .g . , w rong o r faulty connections;
(2) M isuse: dam age to  fittings a f te r  installation;
(3) C asual sho rts due  to  tem porary  pipe o r  cable supports; o r 

scaffolding causing ea rth  faults; o r  negating  m agnetic ring 
b reaks;

(4) Inco rrec t m an u fac tu re , e .g ., faults in bought-ou t equ ipm ent.

By far the  largest catego ries o f  faults w ere (1) and (2). a lthough (3) 
p ro v ed  the  m ost difficult to  find. In th is respect the (B IT E ) system  was 
fo u n d  to  be  o f  little u se , having been  designed to  identify faulty prin ted  
circu it b o ard s and  no t to  locate ex ternal circuit faults. A ttem p ts have 
since been  m ade to  develop  a ‘functionally  in teg ra ted  defect analysis' 
system  ( fida) bu t so far unsuccessfully. It appears th a t a certain  am ount 
o f system  redesign  m ay be  necessary  to  achieve this. A t p resen t earth  
trac ing  is very m uch a m a tte r  o f  luck and  perseverance .

F o rtu n a te ly  the  lessons o f  the  stf w ere well learned , and the 
in sta lla tion  in B recon  was p u rsued  with m ore care , g rea te r atten tion  to 
deta il an d  a  strict observance  o f wiring p rocedure  disciplines. The 
resu lt w as th a t the nu m b er o f  e a rth  faults en co u n te red  in Brecon  was a 
frac tion  o f  those  in the  stf and  p resen t indications are th a t Ledbury  will 
be even  b e tte r .
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Pattern 608 Connectors 
T hese  are  m ulti-cable connecto rs specially designed for the Royal 

N avy to  exacting  env ironm en ta l standards. T he problem s experienced 
w ith them  w ere by no m eans unique to Brecon, bu t they served to 
ex ace rb a te  th e  ea rth  p rob lem s described above.

B ecause o f  th e  com pactness o f these connectors, special tools and 
p ro ced u res  are  requ ired  for th e ir  assem bly and  they have proved quite 
difficult to  fit u n d er sh ipboard  conditions, being relatively vulnerable 
to  dam age during  assem bly and  needing prolonged concen tration  by 
th e  fitte r  to  achieve a sa tisfacto ry  result.

Follow ing m any defective assem blies in the  stf, a  system of 100 per 
cen t inspection  and  testing  was instigated  in HM S Brecon. For later 
ships it was possib le, by changing the  cable reeving sequences, to fit 
m any o f  the  608 connecto rs to the  cables in the  w orkshop ashore.

Contractor’s sea trials
A s m ight have been  expected  o f such a  unique vessel as HM S 

Brecon , a  fu rth e r  batch  o f  prob lem s m anifested  them selves during cst.

Astern running 
It w as found  th a t, w hen the ship was running  as tern , due to the hull 

fo rm  and  p ro p e lle r perfo rm an ce , quan tities o f air w ere being drawn 
u n d e r th e  hull and  accum ulated  in the various sea tubes. The 
eq u ip m en ts  m ost badly affected  w ere the fire pum ps and the main 
eng ines. C sts could  only be com pleted  by continuously venting these 
system s. Final m ach inery  tria ls d em onstra ted  the practicability o f a 
system  o f  continuously  runn ing  a ir vent cham bers tem porarily  m ade 
from  plastic  tubing ; p erm an en t system s w ere fitted later.

Stand-by hydraulic pump 
T he boost p um p  on the  stand-by hydraulic pum p had had its 

coup ling  m ateria l changed  to  m onel as part o f the exercise for the 
low ering  o f  m agnetic signatures by m aterial substitu tion . A fter a 
n u m b er o f  failu res o f  the  coupling , which was o f the simple dog-clutch 
ty p e , it was decided  th a t the m onel coupling was no t strong enough and 
a  stee l o n e  w as fitted  while a b e tte r  m onel design was produced with 
few er stress raisers in it.

Steering gear
C rack ing  noises w ere heard  from  the vicinity o f the rudder 

c rossheads during  v io lent m anoeuvring . This was found to be due to 
th e  o p era tin g  ram  sole p la tes shifting sideways as the transverse 
load ing  on  the  ru dders varied . T hese sole p lates were bolted to  the grp 
s tru c tu re  o f  the  steering  gear supports.

W hen  grp  is m ade on  a flat m ould  the  low er surface is com pletely 
sm o o th  bu t the  upp er face is left w ith a "cobb le-stone” type o f finish, 
d u e  to  th e  con to u rs  o f  th e  glass cloth show ing through. In the case of 
the  steering  gear it was th is surface to which the sole p lates were 
b o lted . T h e  fric tion  forces betw een  the  bo lted  surfaces w ere much 
re d u ced  due  to  the  reduction  in con tact area  brought about by the 
“ co b b le -s to n es” . Brecon  had  to  be fitted with restrain ing  side plates 
b u t in la te r  ships stainless steel plates have been bonded  into the 
s tru c tu re  to  give a good m etal-to-m etal jo in t.

Unprogrammed stoppages 
E arly  in the  se tting-to -w ork  phase o f the m achinery control system 

severa l u nexp la ined  incidents occurred . In particu lar, the auxiliary 
g e n e ra to r  s to p p ed  fo r no apparen t reason on several occasions. 
A lth o u g h , from  previous experience in o th er ships, this was not 
en tire ly  unexpec ted , it p roved to  be the  s ta rt of a long and painstaking 
investiga tion  in to  th e  electro-m agnetic  com patibility  (em c) problem s 
o f  th e  ship. T hese  p rob lem s w ere m utual in terference; transient 
voltage sp ikes; and  a com bination  o f both.

M utua l in te rfe ren ce  is the  transference o f  an electric signal from  one 
c ircu it to  an ad jacen t o n e  because cables have been  run  too close to 
o n e  a n o th e r. In the  case o f B recon  it was im portan t to  consider 
se p a ra tio n  o f  cab les on  the  o th e r side o f grp structu res in addition to 
th o se  norm ally  dealt w ith. In itself this did no t cause much of a 
p ro b lem  in B recon. T ran sien t voltage spikes are the  propagation  of 
sh a rp  surges o f  voltage th rough  all the circuits o f a wiring system due to 
th e  sw itching o f  one item  in th a t system . A gain this is a norm al design 
p ro b lem  and  was in itself no t very significant in Brecon.

H ow ever, sp ikes set up by sw itching opera tions w ere found to be 
ju m p in g  to  o th e r  ad jacen t circuits. T he m ost vulnerable circuit proved 
to  be  the  auxiliary g en e ra to r 's  speed  sensor. This picked up spurious 
signals from  a num ber o f  sources and caused the logic to  sense an 
o v ersp eed  an d  hence to  initia te  shut-dow n o f the engine.

E ach  o f  these sources o f  spurious signals had  to  be painstakingly

track ed  dow n and  suppressed . A  m easure o f  the  difficulties 
e n c o u n te re d  in this investigation  can  be ga th ered  from  the fact that, at 
o n e  stag e , tr ipp ing  was found  to  be caused  by sw itching on and off an 
oscilloscope used to investigate the problem !

Post contractors’ sea trials problems
Main generators 

D u rin g  early  developm en t running  of these engines, p roblem s had 
been  experien ced  with bearing  m etal pick-up on the  m ain bearings. 
T h is w as due  to  the m aterial changes involved in the non-m agnetic 
crank sh a fts  and  was co rrec ted  by the  fitting o f tin inlay bearings.

U n fo rtu n a te ly  the  first th ree  engines had to  be supplied  to  Brecon  
w ith  th e  o ld type o f  bearings fitted  in o rd e r to  m aintain  delivery 
req u irem en ts . Shortly  after tria ls w ere com pleted  luck ran ou t and, 
o n e  a f te r  the  o th e r , all th ree  genera ting  sets seized. A ll that can be said 
is th a t the  rem oval rou tes and  p rocedures w ere m ost thoroughly  tested 
and  w o rk ed  perfectly!

Air conditioning 
T h e  air cond ition ing  p lan ts could no t possibly be satisfactorily  tested  

an d  ad ju s te d  in U K  w aters in m id-w inter. H ence , troub les have been 
ex p e rien ced  w ith system  and  p lant functioning since the ship has been 
to  w arm er parts  o f the  w orld.

Deltic engine exhaust scrubbers 
In the  base o f each of the  th ree  exhaust gas scrubbers is a cone with 

gu ide  vanes w elded to it, w hich assists in the gas flow con tro l and the 
se p a ra tio n  o f  the  w ate r and oil. C racking  o f  the heat-affected  zone at 
the  base o f  the  guide vanes had already  tak en  place in stf and 
m od ifica tions had been  m ade to  the design. S ubsequen t to csts fu rther 
crack ing  occu rred  in B recon's  scrubbers and the cone and vanes are 
now  to  be m ade from  stainless steel instead  o f titan ium  to try to obtain 
a b e tte r  fatigue streng th .

Salt accumulation in the uptakes 
A fte r  a few m onths in service, Brecon's  D eltic up takes w ere found 

to  be heavily encrusted  with salt deposits above the scrubbers and 
a lm ost ha lf a ton o f  salt w as rem oved  from  the w orst-contam inated  
u p tak e . O bviously  the  supply o f salt w a te r to  the scrubber sprays was 
fa r to o  g rea t and  this was drastically  reduced.

T h is fault had  no t been  m et during  the runn ing  at W est D ray ton , nor 
at th e  stf, b u t in the fo rm er re-cycled salt w ater was used and at the 
la tte r  b rack ish  es tu arin e  w ater. N e ith er o f  these w ere apparen tly  
rea listic  enough  to  give an accurate assessm ent o f the  scrubber 
p e rfo rm an ce  and  w ater flow settings.

CONCLUSION

In this paper an a ttem pt has been m ade to  discuss frank ly  som e o f  
the problem s surrounding the design, build and com m issioning o f  the 
w orld ’s largest grp ship. N aturally , there  have been several o ther 
problem s o f  a m inor nature; or o f  a n a tu re  unconnected  with the 
peculiar problem s o f  an m cm v. But the story  is no t all o f  problem s; 
indeed, in m any areas, diligent research and  design, m eticulous 
building and careful setting-to-w ork have paid handsom e dividends. 
Indeed the csts o f  HM S Brecon  were shortened  by several days 
because so m any o f  the trials were so successful th a t spare days were 
not needed.

It is doub tfu l w hether such a p rolonged and  in tegrated  design effo rt 
as that m ounted  fo r the W ilton stf  and Brecon  has ever before been 
achieved by the M inistry o f  Defence and the sh ipbuilder in co
operation .
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Discussion__________________
MR M G M acGREGOR, C Eng, F I MarE (V osper T hornycroft 

(UK) L td). The au th o r is to  be congratu lated  on presenting such a 
com prehensive and interesting account o f  the design, building and 
tria ls o f  H M S Brecon. W ith my colleagues, I have been involved in 
m ost o f  the action  described in this paper and  shared  in the  problem s, 
fru stra tions and  excitem ents o f  building these novel, com plex and 
in teresting  ships. I should  like to  m ake a  few com m ents, from  the 
poin t o f  view o f  the sh ipbuilder.

It is understandab le  th a t C dr G ibson should  have concen trated  
on problem s and  difficulties, because the m ost interesting engineering 
o ften  arises in m eeting and  overcom ing these, bu t I believe th a t it is 
p roper th a t the achievem ent should be stressed with equal em phasis. 
The Royal Navy has a  class o f  ships in service and  building w hich is 
unequalled  anyw here else in the w orld, and  the British shipbuilding 
industry  has thereby acquired  experience and  expertise in the design 
and  build o f  large grp ships which gives the UK a positive lead this 
field.

The paper describes the disciplines which were im posed on the 
design viz. shock, noise, w eight, m agnetics, E M C , special earthing 
requirem ents, etc. W ith the special dem ands o f  grp as a shipbuilding 
m aterial and  the p roblem s associated with fitting ou t a  grp ship, these 
produced  a requirem ent fo r extrem ely detailed defin ition  o f  the design 
and  extrem ely good discipline in im plem enting it. T he scope for 
detailed  p roduction  engineering has been considerable and  m any 
im provem ents have been inco rpo ra ted  as a result o f experience on 
Brecon.

O ne o f  the m ost im p o rtan t areas in this respect has been th a t o f 
m inor attachm en ts to  structures — sm all seatings, pipe supports, 
cable supports and  the like — w here the  original concepts o f  using grp 
in every possible app lica tion , and  no t penetrating  structu re , have 
given way to  bolted m etallic a ttachm en ts and the  use o f  adhesives in 
the  interests o f  cost saving as well as technical superiority .

G rp  as a m aterial presents a  sh ipbuilder w ith a  num ber o f  new 
and special situations. Firstly , there  is the need fo r a contro lled  en
vironm ent fo r process reasons, and health  and safety  requirem ents 
concerning styrene concen tra tion  in the a tm osphere, dust resulting 
from  cutting  and special fire regulations. All these affec t the building 
facilities. Secondly, there is the uncom prom ising  fact th a t repairs and 
a ltera tions are  very d ifficu lt and  expensive, so everything has to  be 
right first time. T hird ly , there  is the need for tra in ing  and special 
consideration  o f  industrial and hum an relations aspects. All these 
facto rs m ake it extrem ely im p o rtan t to  establish the building sequence 
and  program m e in great detail, an d  spectacular im provem ents in 
tim escale and  productiv ity  are being achieved on later ships.

It is in fact interesting to  no te th a t a t the developm ent stage o f 
Brecon m ore design effo rt was concen trated  on equipm ent and 
system s (with the m any developm ent con trac ts and  tria l rigs referred 
to  in the paper), than  on the grp  structu re , which had a sound  basis 
p rovided by H M S W ilton. In con trac t, during  the build  and fitting  out 
m ore e ffo rt has been necessary to take account o f  the special features 
o f  G R P . The actual ou tfitting , a lthough  very com plex and  subject to 
m any disciplines, has no t in general involved so m uch novelty.

As a  result o f  the very detailed draw ing package on the one hand , 
and  the need fo r detailed p lanning  on the o ther, m uch pre-ou tfitting  is 
being done on later ships. M any m inor attachm en ts are  fitted  the deck 
and  bu lkhead  panels before  building in to  the hull, and  the fitting  o f  
deck panels is left as late as possible to  facilita te access to  lower 
com partm ents. Building a  ba tch  o f  sim ilar ships in this show s obvious 
advan tages, and  spreads the very high first cost o f  the developm ent 
and  design. HM S L edbury  will be handed  over shortly , H M S Cat- 
t istock  has been launched, and  fu rth er ships are a t an advanced stage 
o f  p roduction  a t V osper T h ornycro ft and a t Y arrow  (Shipbuilders) on 
the  Clyde.

In conclusion , I am  sure you will apprecia te  from  the paper that

C o u n te rm easu res  V essel” , International D efence Review, 
Ja n u a ry  1979.

4) B lackm an L t C d r R .S ., R N , "D ev e lo p m en t o f  N on-M agnetic 
D iesel E n g in e s" , Journal o f  N aval Engineering, D ecem ber 
1973.

5) H u ghes J .F . ,  1980, "E lec tro s ta tic  charges on b o ard  sh ips", 
Trans I  M a r E  Vol 92, TM 6.

the com plexity  o f  the  H u n t C lass has resulted in a m onum ental 
volum e o f  associated  paper. It has been suggested th a t w hen the  next 
class is bu ilt it shou ld  be m ade o f  pap ier- m ache, and  the m aterials will 
be already to hand! This paper is, how ever, m uch to o  valuable to  go 
tha t way, and  will stay on the record  as a m ost interesting accoun t o f 
the building o f  this h istoric ship.

MR R H BAR NES, C Eng, F I MarE, F I MeehE, MRINA
(A bsolute Energy Systems & Engineering P ro d u c ts  L td). H aving 
w orked with the A u th o r, 10 years ago, on con tro l system s, I w ould be 
very in terested  to  hear if  the very good arrangem ents we had in those 
days fo r tria ls and  acceptance o f  m achinery con tro l system s still exist, 
and if they have im proved.

As he ind icated , I would im agine th a t the task o f  setting to  w ork 
and  debugging was enorm ously  eased the facility o f  a  full sized shore 
test facility. P resum ably , the design team  was able to  relate the 
com puter sim ulation  studies to  bo th  the shore test, and  then  the live 
sea tria ls. C ould  the au th o r give som e indication  o f  co rre la tion  bet
ween these la ter stages, and  enlarge on general experience gained 
during  the evolutionary  stages? W ere they a  fairly sm ooth  tra n s
gression from  one to  the o ther, o r did the  end p ro d u c t th row  up som e 
to tally  unexpected “ funn ies”  a t sea?

T urn ing  to  operation  o f  the system , can  he describe the type o f  
b ridge con tro ls fitted  fo r propulsion  (assum ing th a t they are  fitted) 
and say w hether ergonom ic studies were used to  influence the final 
console layou t. It m ust be quite  a  com plicated system  to  operate: how 
m uch con tro l do  you let the com m and operate?

Lastly , I w ould be very interested to hear w hat considerations 
were given to  the M arine Engineering com plem ent w ith respect to  the 
o pera tion  and  m ain tenance o f  the con tro ls system : w hat so rt o f  skills 
and train ing  do you requ ire  on board  and  in the  shore support team ; 
and how  have you m atched the men to  the con tro l system philosophy?

CDR M D COOPER RN (M O D ). Diesels running at low pow er 
tend to  have problem s. This m ay have been the  m otive behind th e  slow 
speed hydraulic drive. H ow ever, a t low ship speeds, even the  slow 
speed drive from  the auxiliary engine m ight no t provide sufficient load 
fo r this prim e m over. H as this been a  problem ?

It w ould seem sim ple to  stick a  new piece o f  grp  in a hole cut to 
rem ove m achinery o r equ ipm ent. Is this so?

MR J A ATTW OOD (G EC  E lectrical P ro jec ts L td). I was in 
terested to  hear th a t a  large num ber o f  earth  faults had  been ex
perienced on Brecon, a t one tim e an  average o f  one earth  fau lt per 
week. C ould  the a u th o r  please tell us w hether any exp lanations have 
been established to  account fo r this num ber o f  faults?

MR D B RUSSELL (G EC  E lectrical P ro jects L td .). C dr G ibson 
has said th a t the sw ashplate angle on the hydraulic pum ps has had to 
be reduced to  alleviate m echanical failures and  th a t it was hoped to  
recoup the loss o f  pow er by increasing the  speed o f  the  engine. I am 
sure it is realised th a t the genera to r w hich is coupled to  the  auxiliary 
engine should  no t be run  above full speed and  I w ould like to  know 
w hat action  has been taken .

MR R G BO DDIE (C Eng, F I M arE ). Could  the a u th o r  please 
com m ent on the  follow ing points.
1) G R P  H ull. H ow  does a g rp  hull com pare w ith a conventional

hull fo r:-
a) hull resistance and  the  saving in shp;
b) m arine grow ths and  the efficiency o f  anti-fouling  

pain ts;
c) docking periods?

2) B ow  thrusters: W hat is the value o f  the p ropulsion  losses caused
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by the th rusters (when not in use) a t patro l speed and w hat steps 
have been taken to  m inim ise these losses?

3) Fire fig h tin g :  T he toxic fum es from  any fire on b o ard  a grp  vessel 
could pu t every m em ber o f  the  sh ip ’s com pany a t risk. W hat 
special precau tions have to  be taken to  prevent loss o f  life from  
the fum es?

4) D eltic D iesel Engines: T he diesel engine is not the ideal 
propulsion  unit fo r a  vessel which m ay have to  spend m uch o f  its 
sea tim e a t low pow ers o r stopped w hilst searching suspect 
vessels. H ow  has this w eakness in the Ton  C lass been overcom e? 
C ould  the au th o r also give the  reasons fo r selecting a diesel 
engine with its know n lim itations, bearing in m ind th a t large 
sum s o f  m oney have been spent on developing new equipm ent 
and m achinery fo r this class o f  vessel.

5) Pollu tion: W hat facilities have been provided to  prevent the sea 
being pollu ted  by refuse, sewage and oil, including the lube oil 
rem oved in the  scrubbers and the  m achinery space bilges? In the 
case o f  a m erchan t ship a  fain t shim m er on the sea is judged as 
pollu tion  and the cap ta in  is liable to  a  fine.

Author's Reply____________________________
I m ust thank  M r M acG regor fo r his kind com m ents abo u t the 

paper; he is so right, o f  course, it is only failures which m ake news. In 
this case 1 have spent a lot o f  tim e w ith the  problem s, and  perhaps not 
enough w ith the successes. But then space is lim ited and it is im portan t 
to  a ttem pt to  m ain tain  interest. 1 believe the m ost im portan t area  he 
m entions, is th a t o f  pre-ou tfitting : it is certainly the  m ost spectacular. 
F o r anyone w ho saw the shipping o f  the m achinery rafts in to  Brecon, 
the  sam e process in C attistock  (N o. 3) would have been alm ost 
unrecognisable.

1 w ould like to  assure M r Barnes that the M achinery C ontro ls 
T rials Team  w hich he once headed is going from  strength  to  strength 
and  th a t their w ork in H M S Brecon  was invaluable. I can also assure 
him  th a t the STF did greatly  ease the *‘de-bugging”  o f  the con tro l 
system , and also th a t the lessons learned in the areas o f  608 con
nectors, earth  faults and  brazing techniques themselves justified  a 
large p ropo rtio n  o f  the STF costs. In the setting-to-w ork the m ain 
p roblem  was to  produce results in tim e fo r corrective action  to  be 
carried  ou t in Brecon  before acceptance. It was m ost gratifying to  see 
the  com puter predictions being fulfilled in the STF, and  then  to  see the 
selected rem edial actions being effective bo th  in STF and then Brecon.

T he only m ajo r “ funny”  w hich turned up was no t entirely 
unexpected, and  that was the  ingestion o f  air when going astern , and 
th a t was rectified com pletely by the shipbuilder before acceptance. 
R egarding con tro l o f  the m ain engines, this can be exercised from  the 
Bridge in bo th  norm al and slow speed drive. Bow thrust can only be 
operated  from  the Bridge. Bridge con tro l when m inehunting is ab 
solutely essential since hovering con tro l has to  be very closely co 
ord inated  with navigational and  operational da ta . The M arine 
Engineering com plem ent is geared to un-m anned m achinery com 
partm ents visited regularly by a patro lling  troub le-shooter, and the 
w atchkeeping skills are no d ifferent to  those needed in any m odern 
ship. The m ain tenance o f  the contro l system is dependent upon on 
b oard  diagnosis, backed up by skilled personnel in the short support 
team . T he electrical ratings recently transferred  to the Engine Room

B ranch, who already possessed a background  o f  electronic 
know ledge, have proved quite equal to  th e  task  with a  m inim um  o f 
system fam iliarisation.

C dr C o o p er’s question  regarding oil carry-over a t slow speed is 
m ost relevant and  this has been a  ra ther vexing problem  with the 
auxiliary engine in particu lar. In these vessels, how ever, the  problem  is 
lim ited to  the length o f  exhaust piping below  the scrubbers, and 
special scoop-type drains have been fitted to  STF and  Brecon, but 
evaluation  is not yet com plete. In answ er to  the second po in t regar
ding a simple plug o f  grp, un fo rtu n a te ly , this will lack the physical 
strength  o f  the original s tructu re due to  the  d iscon tinu ity  o f  the  glass 
fibres. The best repair is to  cut back successive layers in a  stepped 
configuration  and  scarf back each layer o f  the  repair to  a w ider and 
wider radius. Thus the d iscon tinu ity  po in ts are  prevented  from  
coinciding in successive layers o f  the  repair.

In reply to  M r A ttw ood I w ould like to  say th a t the  num ber o f  
faults experienced during  the setting-to-w ork o f  the STF was by far 
the w orst, and that this has never been approached  since, th an k s to  the 
lessons learned there. The vast m ajo rity  o f  ea rth  faults have been due 
to  physical dam age to  som ew hat fragile and  exposed com ponents . 
This dam age is usually associated with ob ta in ing  access to  som e other 
equipm ent, o r in the wake o f  m aintenance. T he rate  o f  developm ent 
o f  such faults has now dropped  to below  one a w eek, b u t even this is 
too  high fo r good system reliability.

T he auxiliary engine can be opera ted  in tw o distinct m odes: 
pum ping (for hydraulic supply to  slow-speed drive, bow  th ru st or 
winches); o r pulsing. In reply to  M r Russell, let m e em phasize th a t the 
pulsing speed is indeed fixed by the g enera to r characteristics and  
canno t be varied. W hen switched to  pum ping m ode, how ever, the 
engine speed is quite d ifferent and it is this speed which had to  be 
reduced to  accom m odate the hydraulic pum p capabilities. T he latest 
idea is tha t hydraulic perform ance will best be resto red  by ad justing  
the sw ash angles on the various m o to rs and  pum ps to  o b ta in  optim um  
perform ance, and  not by raising the  pum ping  speed.

In response to  M r B oddie’s poin ts 1 would say that hull 
resistance, m arine grow th and docking periods are  not significantly  
d ifferen t to  those o f  a steel ship, since conventional anti-fouling paints 
are used. P ropulsion  losses due to the fitting  o f  a bow  th ru ste r system 
are  no t though t to  be significant since, externally , the th rusters simply 
present a  num ber o f  conventional apertu res to  sea, sim ilar to  norm al 
round  section inlet pipes. In the  event o f  fire, the  m ain  visible effect is 
dense black acrid  sm oke as in a  norm al w arship . This is dealt w ith by 
crash stoppage o f  ventilation and rou tine  fire iso lation  p recau tions. 
A lso mcmvs are  generously provided w ith b rea th ing  ap p ara tu s.

On the topic o f  choice o f  prim e m over there is no  d o u b t th a t the 
diesel engine has d raw backs — prim arily  those o f  slow-speed running 
as well as noise — but it is the  best from  the  m agnetic signa tu re  aspect, 
and  its o th er lim itations ju st have to  be accepted. It w ould have been 
virtually  im possible and  prohibitively expensive to  have reduced the 
m agnetic signature o f  any o ther prim e m over to  acceptable  levels; 
an d , o f  course, very few diesel engines are  suitable.

F inally, on the topic o f  pollu tion , th is has been fully covered in 
the design o f  Brecon  as indeed it is in every w arship now adays. R efuse 
is collected in sacks and stored  fo r landing and  disposal in harb o u r, 
sewage is handled  by a low -m agnetic version o f  the  stan d ard  Bio-gest 
p lan t, and lubricating  oil waste is stored  in a sullage tank  fo r discharge 
and reclam ation  on retu rn  to  harbour.
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