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THE ELECTRICAL POWER SYSTEM IN THE  
QUEEN ELIZABETH 2 - DESIGN AND  
OPERATIONAL EXPERIENCE

M. J. A. Bolton, A.C.T. (Liverpool) C.Eng., F.I.E.E., M.I.Mar.E.*
T his pap er covers th e  p rincipal p rob lem s encountered  in  arranging  fo r th e  genera

tion  an d  d is tribu tion  o f e lectrical pow er in  the m ost com plex and  sophisticated  
passenger liner afloat. It goes on to  describe th e  unconven tional so lu tions w hich resulted, 
som e afte r considerab le  research  and  developm ent. D uring  testing and  com m issioning, 
a  num ber o f unsual failures occu rred  an d  one  o f  these h ighlighted  the need for 
specially  designed system  p ro tec tion  devices. T he  paper concludes by review ing the 
electrical pow er system s, in  th e  ligh t o f o p era tiona l experience.

PART I—SYSTEM DESIGN
GENERATION VOLTAGE

D uring  th e  early  design stages, it  w as decided fo r 
econom ic an d  o p e ra tiona l reasons, to  restric t th e  num ber of 
m ain  genera to rs to  th ree. T w o o f them  had  to  be capable  
o f carry ing  th e  peak  electrical load, and  th e  m ach ine  size fo r 
this d u ty  w orked  ou t a t 5-5 M W . A t this pow er, generation  
h ad  au tom atica lly  to  be a t high voltage, because, a t m edium  
voltage, c ircu it-b reakers o f the requ ired  cu rren t ra ting  and 
short-c ircu it p e rfo rm an ce  d id  n o t exist. T h e  availab le  standard  
voltage o f 3-3 kV  w as th e  obvious choice.

Several p rob lem s a ro s e :
1) safe ty  o f personnel;
2) trea tm en t o f  th e  n eu tra l point;
3) in sta lla tion  an d  p ro tec tion  o f high voltage cables and 

tran sfo rm ers in  accom m odation  spaces;
4) ad ap ta tio n  o f h igh voltage sw itchgear to  m arine  use.
T h e  advantages w ere :
a) th e  electrical pow er netw ork  cou ld , th ro u g h  tra n s

form ers, com prise  a  num ber o f electrically  separate  
system s, in stead  of one system  connected  to  com m on 
b u sb a rs : th is m ean t th a t the vo ltage and  the tre a t
m en t o f th e  n eu tra l po in t cou ld  be ap p ro p ria te  to  the 
requ irem ents o f each system;

b) generators, sw itchgear, large m o to rs  and  cables could  
all be  sm aller, ligh ter and  less costly to  purchase and 
install;

c) sw itchgear p e rfo rm ance  u nder system  fau lt conditions 
w ould  be w ith in  recognized du ty  categories: in all 
previous large passenger liners, sw itchgear designed 
and  bu ilt specially to  su it m arin e  requirem ents had  to 
be used;

d) u n d er short-c ircu it fau lt conditions, the prospective 
cu rren ts w ould be relatively  sm all com pared  w ith 
those ob tained  in m edium  voltage system s, and  the 
po ten tia l dam age a t th e  seat o f the fau lt appreciably  
less.

FREQUENCY
M ost ships’ elec trical system s use a frequency  of 60 H z, 

fo r well know n reasons. Tn this ship, it was no t an au tom atic
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choice because the voltage selected fo r the m edium  voltage 
netw orks w as 415 V , usually  associated  w ith  50 H z. F o r 
reasons o f electrical s tan dard iza tion , th e  low er frequency  was 
seriously considered , b u t it  w as overru led  on  th e  g rounds of 
standard iza tion  o f the speed o f m arine auxiliaries, the higher 
pow er to w eight ra tio  and  overall cost.

TH E H IG H  VOLTAGE SYSTEM
M uch in fo rm ation  already  existed upon  th e  various ways 

o f trea ting  the  n eu tra l po in t. I t seem ed sim pler to  fo llow  
conventional m arin e  p rac tice  o f insu lating  it, e lim inating  the 
need fo r earth  fau lt p ro tection  and  its com plications, and 
allow ing an essential service w ith  an ea rth  fa u lt up o n  one 
phase, to  con tinue  to  func tion  un til i t  cou ld  be iso lated . T he  
draw back  then  w as th a t arcing earth  fau lts  cou ld  p roduce 
induced over-voltages w hich cou ld  over-stress th e  in su la tion  
to  earth , and  so req u ire  it  to  have  a  considerab ly  h igher 
dielectric streng th  th an  w ou ld  o therw ise be  needed.

In dustria l users w ere consu lted  and  it  w as fo u n d  th a t 
such over-voltages h a d  occasionally  caused  th e  fa ilu re  of 
g roups of large electrical m achines. I t was finally  decided to 
ad o p t a resistance earthed  n eu tra l system  p rov ided  th a t it 
could  be m ad e  sim ple and  easy to  operate .

C onven tional n eu tra l earth ing  p rac tice  a t  th e  tim e was 
to  connect th e  a lte rn a to r neu tra ls to  earth ing  resistors, 
th rough  neu tra l earth ing  c ircu it-b reakers, bu t in a  ship ca rry 
ing only a re latively  sm all num ber o f electrical officers, this 
was though t to  be unaccep tab ly  com plex.

T h e  m an u fac tu re rs  w ere  th ere fo re  asked to  p roduce  
m achines w ith chorded  w indings, to allow  all three a lte rn a to r 
neu tra ls and  their earth ing  resisto rs to  be perm anen tly  com- 
m oned  before  earth ing . T he  resulting  th ird  ha rm o n ic  c ircu 
lating  cu rren ts w ere thus restric ted  to  a  few  am peres, w hich 
w as considered to  be accep tab le . N o  earth ing  circu it-b reakers 
w ere needed an d  the sh ip’s staff could , fro m  an  opera tional 
view point, ignore the neu tra l earth ing  requ irem ent.

B ecause the em ergency a lte rn a to rs  cou ld  also be  used  to  
supply pow er to  th e  high vo ltage system , th ro u g h  tw o o f the 
m achinery  space supply tran sfo rm ers , resistance neu tra l e a rth 
ing, using sm aller resistors, w as also app lied  to  th e  tw o tra n s 
form ers. F ig . 1 shows th e  arrangem ent. T o  elim inate m a in 
tenance  o f th e  earth ing  resistors, they  w ere to ta lly  enclosed
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F ig . 1— Pow er system  arrangem ent

in unven tila ted  steel cases. T h e  hea t p roduced  under p ara lle l
ing and  fau lt conditions w as calcu lated  to  be well w ith in  the 
n a tu ra l cooling cycle o f the units.

THE M ED IU M  VOLTAGE SYSTEM S 
T he conventional so lu tion  fo r the m edium  voltage side 

w ould have been to  install insulated  neu tral netw orks for both 
m achinery  and  hotel services. T his w ould  have been accep t
able fo r pow er appara tu s, bu t fo r lighting and  sim ilar low 
voltage equipm ent m any m ore  transfo rm ers w ould have been 
needed. T here  was no real reason  why, fo r each sub-netw ork, 
th e  system  should  no t be ap p ro p ria te  to  its use, particu larly  
as there  w ould be several o ther advantages in so doing. T he 
solu tions finally adop ted  an d  the reasoning behind them  will 
now  be discussed.

Selec ted  V oltage 415 V
440 V is conventional fo r ships, bu t the phase to  neu tral 

vo ltage fo r this, is 254 V, w hich is too  high fo r standardized 
and generally  availab le  fluorescent lighting appara tus, dom estic 
equipm ent etc. A  line voltage o f 415 V results in a phase 
voltage of 240 V, a recognized standard . F o r  m arine  ro tating  
p lan t 440 V is usual, bu t 415 V  can be accom m odated  w ith 
ou t difficulty even a t 60 H z.

Because o f th e  exceptionally  heavy lighting and dom estic 
load , therefo re , 415 V was selected as the m edium  voltage.

M achinery Space System s
F o r  the m achinery  spaces and  fo r deck m achinery , there 

was no advan tage  in  earth ing  th e  neu tra l po in t, and  conven
tional th ree-phase, three-w ire  netw orks, w ith earth  leakage 
indicating equipm ent w ere used. M achinery  space lighting 
was pow ered by fo u r th ree-phase 415 /415  V  transfo rm ers, 
th e  secondary  sides having their neu tra ls earthed  to  provide 
240 V .

H otel N e tw o rks
H ere, there  w ere several reasons fo r using the three- 

phase, four-w ire, solidly earthed  n eu tra l system  so com m on 
ashore in the U n ited  K ingdom :

i) every zone w ould  be supplied  th ro u g h  trip le  pole and 
neutral d istribu tion  fuseboards, so th a t th e  trip le  pole, 
trip le  pole and  neu tra l, o r single po le  and  neu tral 
loads, w ould receive ap p ro p ria te  electrical pow er 
w ithout any need fo r low  voltage tra n s fo rm e rs : 
copper used in  cables, sw itches etc. w ou ld  be a t  a 
m in im um : there  w ould  be no restric tion  on the  use 
o f standard  trip le  pole and  neu tra l o r single pole and 
n eu tra l hotel and  laund ry  equipm ent;

ii) single phase circuits w ould  all be single po le  and 
neu tral, thus allow ing single pole fusing and  sw itching 
th ro u g h o u t: stan d ard  BS 1363, 13 A sockets and 
fused plugs w ould be used to  fu ll advantage;

iii) earth  fau lt finding w ould  be greatly  sim plified: an 
earth  fau lt w ould cause a  fuse to  blow  or a c ircuit 
b reaker to trip , so th a t m ost fau lts w ould  be self- 
locating: this is in con trast to  insulated system s in 
w hich each earth  fau lt w ould  have to  be traced  pains
takingly  by iso lating  circuits in  tu rn : elim ination  of 
this chore was la te r found  to  be the greatest o f all 
labour-saving advantages to  th e  electrical staff;

iv) “ghosting” o f sw itched-off fluorescent lighting w ould 
be elim inated.

C oncerning earth  leakage cu rren ts in  particu la r, it is 
true  th a t a general low ering of the insulation  of the netw ork 
could  occur, due fo r exam ple to  dam pness in a particu lar 
area, and  this could cause an earth  leakage cu rren t, o f p e r
haps several am peres. T o  cover this possibility, a cu rren t 
transfo rm er-opera ted , earth -leakage am m eter was connected 
in th e  earth ing  connexion of each tran sfo rm er neu tral. W hen 
the leakage cu rren t in  a ne tw ork  rose  to  m ore  th an  a  nom inal 
value, a larm  contac ts on  th e  in s trum en t w ou ld  close and  an 
identifying alarm  p rin t-ou t w ould be given on the d a ta  logger. 
F o r general checking purposes th e  earth  leakage instrum ents 
w ere installed in the m ain  console.

T h e  fire risk aspect o f ea rth  leakage cu rren ts d id  no t 
escape atten tion  and, in passenger areas, w hich h a rb o u r the 
greatest risk, every sub-circuit w as p ro tected  by a fuse o f a 
rating  no t exceeding 15 A.

THE LOW VOLTAGE SU PPLY  SY STEM S
Because a large p ro p o rtio n  of th e  passengers to be 

carried  a re  A m erican it w as decided to  provide, in  add ition  
to  standard  BS 1363 sockets, 115 V, three-pin  U .S. type socket 
outlets in all passenger cabins, to  supply personal tape players, 
ha ir dryers, d ictaphones etc. T h e  advantages of these sockets 
to  the passengers w ere obvious; they  also elim inated  the need 
fo r converter units to  be carried  on bo ard , and  fo r th e  sh ip ’s 
staff to  d is tribu te  and  m ain ta in  them .

110 V  (55 V to  earth ) supplies w ere p rov ided  in all 
m achinery  spaces w here p o rtab le  electric tools m ight be 
needed.

E x tra  low voltage pow er fo r ta lk -back  system s, lo u d 
speaking telephones, sprinkler and  m an u a l fire a larm s etc., 
was supplied a t 50 V  d.c. from  tw o groups o f tran sfo rm er 
rectifiers, each of w hich, under loss o f m ain  pow er conditions, 
w ould  be au tom atically  rep laced  by  a  ba ttery  supply.

Supplies fo r em ergency lighting w ere from  a 240 V tra n s
fo rm er rectifier under norm al conditions and  fro m  the em er
gency battery  under a  m ains fa ilu re  condition .

A .C. opera tion  w as considered  bo th  fo r no rm al and  em er
gency use, b u t inverters w ere fo u n d  to  be too  costly. A nd 
because an appreciab le  num ber o f em ergency lights w ere re 
qu ired  to  be fluorescent, d.c. supplies w ere necessary fo r both  
opera tion  m odes.

POW ER NETW ORK LAYOUT AND OPERATION
T he essence of any  electrical pow er netw ork  on board  

ship is sim plicity, bo th  fo r ease o f opera tion  and  m ain tenance.
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A ll p rinc ipal electrical pow er centres a re  divided in to  p o rt 
an d  s ta rb o ard  sw itchboards, each supplied  th rough  a tra n s
fo rm er from  the app ro p ria te  side o f the m ain  sw itchboard . 
A lthough  the p o rt and  s ta rb o a rd  sections o f the  415 V sw itch
boards will no rm ally  be electrically  separate , p rovision 
was m ade fo r connecting  them  in  paralle l by m eans of 
special copper links in th e  busbars (see F ig . 1). T hese links 
a re  only  ob ta inab le  from  the  ends o f the busbars w here they 
fo rm  the connexions to  the  tran sfo rm ers , o r to  the tran s
fo rm er cables. T hey  will only  be used  if it is necessary to  take 
ou t o f service fo r an extended  period, a m ain  tran sfo rm er or 
its cable o r the circu it-b reaker feeding it. T he  links fo r any  
pair o f sw itchboards a re  non -in terchangeab le  w ith those fo r 
any o ther p a ir  o f sw itchboards. T h is ensures th a t the  m ain  
genera to rs can  only  be para lle led  a t the m ain  sw itchboard  
and  a t no o ther po in t in  th e  netw ork.

T h e  sam e general ph ilosophy  was applied  to  the em er
gency sw itchboard , w hich w as also divided in to  p o rt and  s ta r 
b oard  sections; and  h ere  th e  p lace o f links w as taken  by a 
su itab ly  in terlocked  c ircu it-b reaker.

F o r  pow er supplies to  hotel services, each tran sfo rm er 
feeds tw o sw itchboards. T h e  feeders w ere staggered in the 
m an n er show n (Fig. 1), because the  electrical load  in the 
cen tre  o f the  ship w ould  obviously  be g rea ter th an  th a t a t the 
ends; th e  standard ized  tran sfo rm er size w as kep t to  a m in i
m um  by arrang ing  th a t each tran sfo rm er fed  one heavily  
loaded  sw itchboard  and  one lightly  loaded  sw itchboard .

F o r  the  purpose o f ra ising  steam  from  the “dead-ship” 
condition , all necessary electrical supplies can  be ob tained  
from  one 415 V  em ergency a lte rn a to r. T he  high voltage 
supply  fo r the low  speed w inding o f a  bo iler fan  can  be 
ob ta ined  by back-feeding to  th e  m ain  sw itchboard  th rough  
either o f tw o o f th e  fo u r m ach inery  space tran sfo rm er groups.

In the unlikely  event o f a m ain  pow er failu re , both  
em ergency a lte rn a to rs  au tom atica lly  s ta rt u p  and  a re  con 
nected to  the ir respective halves o f th e  em ergency sw itch
board . In add ition  to  m aking pow er availab le  fo r the s ta tu to ry  
em ergency services, supplies are  im m ediately  connected  to  the 
passenger lifts (to enable  them  to be hom ed  au tom atically ) 
and  to  the engine room  lift.

M AIN TURBO-ALTERNATORS
T he th ree m ain  high vo ltage tu rb o -a lte rn a to rs  are  each 

con tinuous m axim um  ra ted  a t  5'5 M W , 6-6 M V A  (Fig. 2). 
T hus the ra ted  pow er fac to r is 0-833 instead  o f the conven
tiona l 0 8 . T he  h igher figure m ore  nearly  m atched  the 
expected average system  pow er fac to r and  thus saved over 
800 kV A  of genera to r capacity .

F ig . 2— O ne o f  the 5-5 M W  3300 V  brushless m ain  
alternators

V oltage D ip
F o r  h ighest reliability , and  low est m ain tenance  req u ire 

m ents, to tally-enclosed, closed air-circu it, w ater-cooled , 
brushless m achines w ere chosen, the relatively  large kV A  
ra ting  m aking  it unnecessary  to  reso rt to  th e  high response 
characteristics o f sta tic  excita tion  fo r starting  large m otors.

T he  largest m o to rs  w ere 1000 hp  fo r th e  bow  th rusters, an d  
d irect on-line starting  of these fro m  tw o a lte rn a to rs  in 
para lle l was estim ated  to  resu lt in a tran sien t vo ltage d ip  o f
11 per cent, recovering in  h a lf  a  second. T echnically  such a 
d ip was q u ite  accep tab le , bu t it w as possible th a t lighting 
flicker could  p rove annoying to  passengers. A n ticipating  this 
p rob lem , exhaustive p rac tica l tests, w ith  bo th  fluorescent and 
tungsten  lighting h ad  been carried  o u t a t  th e  A E I lighting 
lab o ra to ry . G ro u p s o f laym en w ere asked to ra te  th e  severity 
of flicker as various ran d o m  values o f  dip w ere selected. 
U sing these results, su itab ly  de-ra ted  because th e  test g roups 
w ere actually  looking fo r flicker, it w as estim ated  th a t no 
rea l annoyance  to  passengers w ould  be caused  by the 
occasional s ta rt o f a  bow  th ru ste r (11 per cent dip) o r the 
relatively  frequen t change o f a tw o-speed bo iler fan  from  low 
to  high speed (6 per cen t dip). T h e  vo ltage d ro p  estim ates 
w ere dependent upon a specified sub-transien t reac tance  of 
16-5 per cent w hich w as subject to  a m an u fac tu rin g  to lerance  
o f ± 2 0  per cent.

A u to m a tic  V oltage R egula tion
T h e  decision to  use brushless a lte rn a to rs  w as partly  

influenced by the requ irem en ts o f  au tom atic  vo ltage regu la to r 
equipm ent. S tatic  excita tion  w ou ld  have involved very large 
excita tion  un its  an d  also sliprings an d  brushes. B rushless 
excitation  avo ided  sliprings an d  drastica lly  reduced  the  size 
(but n o t the com plexity) o f the excita tion  equipm ent. I t  w as 
relatively easy to  p rovide a spare  A V R , w ired perm anen tly  to  
term inals, an d  change-over links associated  w ith each service 
A V R  to  enable an  em ergency change-over to  be perfo rm ed  
quickly. In  add ition , each a lte rn a to r w as p rov ided  w ith  a 
change-over sw itch an d  an  em ergency m an u a l vo ltage  co n tro l, 
to  enab le  voltage regu lation  to  be sw itched fro m  “a u to ” to 
“h a n d ” u nder runn ing  conditions.

A lterna to r C ooling
C losed a ir-circu it w ate r cooling  w as specified, p rim arily  

to  keep th e  w indings free  from  ex ternal co n tam in a tio n , bu t 
also to  prevent d issipation  o f  th e  considerab le  hea t loss in to  
the m ach inery  space. B o ttom  m o u n ted  coolers w ere chosen 
to  allow  free  access to  th e  a lte rn a to rs  w hen  requ ired  an d  so 
th a t, in  the  even t o f coo ler leakage, salt w ate r w ou ld  n o t ru n  
in to  th e  m achine.

W ith  closed air-c ircu it cooling, th ere  w as th e  risk  th a t 
cooler fa ilu re  could  severely re s tric t th e  m ach ine  o u tp u t and  
em ergency doors w ere specified, to  allow  fu ll o u tp u t to  be 
ob ta ined  w ith th e  m ach ine  ru nn ing  open ven tila ted .

T erm ina l B oxes
A t the tim e w hen th e  specification w as being p repared , 

the C .E .G .B . and  several m an u fac tu rin g  firm s w ere conc lud 
ing investigations in to  a series o f explosions w hich had  
occurred  in  high vo ltage te rm ina l boxes. M ost had  n o t in 
volved personnel, as the  m achines w ere s itua ted  in a reas to 
w hich people d id  n o t no rm ally  have  access (a lthough  there 
w ere a few  cases o f in jury , one o f them  fa ta l). T h e  risk  from  
such explosions w as qu ite  unaccep tab le  a b o a rd  ship an d  it 
w as decided to  ad o p t a  phase segregated design o f te rm inal 
box w hich had  been fu lly  tested  an d  approved  u nder sim u
la ted  fau lt conditions.

EMERGENCY ALTERNATORS
By basic specification, th e  em ergency a lte rn a to rs  w ere 

sim ilar to  the m ain  genera to rs fo r b ro ad ly  the sam e reasons, 
bu t because their ru nn ing  hou rs  a re  sh o rt an d  because they 
w ere relatively  sm all in  size an d  h ad , fo r the ir pu rpose , to  be 
as sim ple as possible, they  w ere enclosed-ventilated , drip- 
p ro o f and  cooled  by a ir ducted  to  the com partm en t.

T hey  differed in  vo ltage  d ip  requ irem en ts fo r tw o 
reasons. T hey  d id  n o t supply the passenger lighting system  and  
so lighting flicker d id  no t m a tte r , an d  they  w ere  relatively  
sm all com pared  w ith som e o f the m oto rs w hich w ere to  be 
started  from  them . A ny  such m o to r could  be sta rted  from  one
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a lte rn a to r direct-on-line, w ith one exception, the 150 hp  fire 
and  w ashdeck pum p, fo r w hich it w as necessary to  ad o p t 
au to -tran sfo rm er starting  to  keep the voltage d rop  w ith in  
lim its w hich w ould  no t affect th e  perfo rm ance  o f loads already 
connected  to  the busbars. T he biggest theo re tica l voltage dip 
was of the o rder o f 25 per cent and , fo r this reason, special 
co n tac to r coils w ere selected fo r those starters w hich could  be 
in opera tion  a t the tim e.

T o  ca te r fo r lighting-up and  test conditions, the a lte rn 
a to rs  w ere designed to  ru n  in paralle l w ith the m ain  a lte rn 
a to rs fo r sh o rt periods. B oth m achines w ere a rranged  for 
au tom atic  sta rt-up  on  loss o f  m ain  pow er.

SW ITCHOEAR
T he m ain  3'3 kV  sw itchboard  com prised  air-b reak  sw itch

gear and  sw itchfuses.

H igh V oltage C ircuit-Breakers
Based on a  m ain  a lte rn a to r sub transien t reactance of 

165 per cent, the prospective fau lt level was calcu lated  a t over 
150 M V A  and  so 250 M V A  circuit-b reakers w ere specified. 
T he largest feeders, i.e. those fo r the bow thrusters and  the 
m achinery  space pow er tran sfo rm ers , w ere con tro lled  by 
circu it-b reakers backed-up by H B C  fuses (Fig. 3). T h e  incor-

F ig . 3— 3300 V  back-up fuses fitted  to type A H  circuit-breaker

po ra tion  o f fuses w as a special requ irem en t to take advantage 
o f “cut-off” under short-circu it conditions. I t was considered 
im p o rtan t, fo r several reasons, to  restrict poten tia l fau lt 
dam age to  an  absolute m inim um .

H igh V oltage Sw itch-F uses
P artly  as a result o f  the electrical specification fo r the 

ship, the W hipp  and  B ourne type A F  high voltage sw itch-fuse 
was developed. D evices of this type w ere no t availab le  a t the 
tim e the specification w as w ritten , bu t the advantages o f sim 
plicity, sm all size and  weight, econom y and  reduced m a in ten 
ance, w ere w orth  pursu ing  an d  the equipm ent was developed 
and  m ade availab le  in  tim e. H ad  the sw itchboard  been com 
posed solely o f circuit-breakers, it w ould  have been alm ost 
tw ice its p resent size.

Segregation o f  C ircuits
In  the early  design stages, i t  w as p roposed  to  divide the 

m ain  sw itchboard  in to  sections installed  in separa te  co m p a rt
m ents, so th a t a m ain  busbar short-circu it fau lt could no t put

all o f th e  m ain  sw itchgear ou t o f service. T he  space requ ired  
w as considerab le  and  investigations w ere p u t in  h an d  to  e s tab 
lish w hether th is p recau tion  w as rea lly  essential. Sw itchgear test 
and  service d a ta  w ere checked an d  it  w as concluded th a t a 
busbar fau lt in a  sw itchgear cubicle w ou ld  be unlikely  to 
affect m ore  th an  one cubicle on  each side. T h e  com prom ise 
finally adop ted  was th a t o f dividing th e  sw itchboard  in to  
th ree sections connected  by  bus-section c ircu it-b reakers, the 
a lte rn a to r circu it-b reakers being separa ted  by several cubicles.

Sw itch ing  C ontro l
A ll o f  the h igh-voltage circu it-b reakers an d  sw itch fuses 

w ere a rranged  fo r e lectrical closing and  tripp ing , th e  supply 
being 240 V  d.c. from  a special b a tte ry  fitted  in  a  co m p a rt
m en t ad join ing the con tro l room . 240 V d.c. w as selected to  
coincide w ith the sh ip ’s em ergency lighting supply  system , 
so th a t the la tte r cou ld  prov ide  an  em ergency supply in the 
event o f fa ilu re  of th e  c lo s in g /trip p in g  b a tte ry  o r its charger.

A rrangem ents w ere m ade  fo r all n o rm al sw itching to be 
carried  ou t a t the m ain  electrical con tro l console, w here the 
con tro l sw itches an d  instrum ents w ere la id  ou t in m im ic 
form ; b u t local con tro l w as also  p rov ided  a t each c ircu it in 
the sw itchboard . M eans o f closing all circuits by hand  was 
provided, fo r em ergency o r off-load m ain tenance  use only.

Sa fe ty  and  M ain tenance Procedures
T o  ensure th a t all h igh vo ltage sw itching and  m ain ten 

ance w ould  be carried  ou t in  good  env ironm enta l conditions 
and  u nder th e  supervision o f a senior officer, all h igh voltage 
sw itchgear was confined to  th e  m ain  con tro l room . Access to 
a h igh voltage tran sfo rm er cou ld  only  be ob ta ined  by iso la t
ing and  earth ing  dow n the circuit, an  ac tion  w hich released  a 
C astell key to  enab le  the  tran sfo rm er ro o m  do o r to  be 
opened. T he  doo r having been opened, th e  key w as then 
trap p ed  in  the lock. S im ilar safety  m easures w ere applied  to 
h igh-voltage m oto rs, th e  only difference being th a t the officer 
responsible fo r supervision o f th e  w ork  on  the m o to r w ould 
re ta in  the C astell key un til th e  w ork  w as com plete.

H igh  voltage sw itch-fuses w ere o f the d raw -ou t type and  
could  be locked in th e  w ithd raw n  position  fo r m ain tenance. 
W hen necessary they cou ld  be rem oved  from  th e  cubicles by 
m eans of a special truck . F o r  the w ithd raw al o f a high voltage 
c ircu it-b reaker, a  special m ain tenance  rack  could  be bo lted  to  
th e  deck, and  the circu it-b reaker was racked  ou t on to  it. C ir- 
cu it-b reakers and  sw itches o f sim ilar ra tings w ere all in te r
changeable.

F o r  m ain tenance  o f h igh-voltage equipm ent, a  “perm it- 
to -w ork” system , sim ilar to th a t in force in industry , was 
considered, bu t because it w as possible to  concen tra te  all high 
voltage sw itchgear in one position  and  because the n u m b er of 
electrical officers on  b oard  num bered  only  eight, th is was 
fo u n d  to  be unnecessary . S tanding  instructions w hich listed 
personnel having au tho rity  to  carry  o u t sw itching w ere draw n 
up  stating  th a t m ain tenance  up o n  any  item  o f high voltage 
appara tu s m ust be u nder the d irect supervision o f the  first 
electrical engineer, u nder au tho rity  from  the chief engineer. 
T his w as less a rduous th an  it appeared  since all high-voltage 
m oto rs w ere to  be to ta lly  enclosed and  the tran sfo rm ers in 
their a ir-conditioned room s w ould  require  cleaning only once 
a year.

M edium  Voltage C ircuit-Breakers and  Fuse-Sw itches
T he fau lt cu rren t lim iting effect o f  tran sfo rm ers enabled 

standard  31 M V A , 415 V sw itchgear and  fusegear to  be used 
th roughou t the m edium  voltage system , except fo r circuits 
w hich cou ld  be para lle led  w ith the  em ergency a lternato rs. 
H ere, based  on estim ated  reactances a t th e  design stage, it was 
found  necessary to  use 37 M V A  equipm ent, special short- 
circu it tests being necessary fo r sta rte r sw itchboards co n 
nected  to  these circuits.

Electrical Protection
F ro m  th e  m ain  tu rb o -a lte rn a to r c ircu it-b reakers down-
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w ards, over-cu rren t and  earth  fau lt p ro tec tive  devices w ere 
selected to  discrim inate, so th a t only  a  fau lty  circu it w ould  
be isolated. W ith  one exception, w hich w as specially developed 
fo llow ing sea tria ls, all p ro tective gear w as entirely  s tandard , 
and  sim plified as fa r  as possib le (alm ost a ll relays etc. had  
been proved  in  service in  earlier vessels). F ig . 4 show s typical 
circu its and  th e  pro tec tion  w hich w as used.

5-5 M W  3 3 0 0 V  
ALTERNATOR 
Overheat a larm ,
Biased d if fe re n tia l re lay ,;
I  D M T e /f  relay,
S tandby e /f re  la  y,
Inst, o/c re la y  with fixe d  delay. 
Overvoltage p ro tec tion , 
Undervoltage p rotection ,
O /v a n d  u /v  a larm s,
Overload alarm,
F ie ld  fa ilu re  re lay.
Reverse power re lay,
Contact w attm eter/p re f. tr ip

M ain sw itchboard

Bus section C.B., 
O/c and  e /f 
I  D M T re la ys

------ (p—x —q)—

H.V. C.B.,
H.B.C. fuses,
O/c and  e /f 
I  D M T  re lays

1500kVA 
TRANSFORMER

Overheat alarm

M achinery

TX  O/c p ro  tec tion  

O j

H.V.switch-fuse, x H.V. switch-fuse, 
H.B.C. fuses, 6 H.B.C. fuses, 

f  P rim ary inst. e /f, S  P rim a ry  inst.e/f. 
J Secondary inst. e /f.,^1

A- -v U/v protection  /y v x
)8 0 0 k V A  \L ± ) 3 5 0 k V A

T R A N S F O R M E R S * TRANSFORMER

Overheat alarm , x 
E / l  ind ica to r 

I H ote l

Overheat a larm  

| Deck machinery

S ub -sw itchboa rd  415V

X
J  O/c protection, 
'T 'U /v  protection

A _________

3 5 0  kW  415 V 
EMERGENCY ALTERNA TOR 
O/c p ro tec tion ,
Reverse power re lay ;
U/v p ro tec tion

O/c p ro te c tion

t

—(p-X-^5)-----
Bus section C.B 
[normally open)

Transformer/
re c tifie r  

emergency lighting

F ig . 4— System  pro tec tion— typical circuits

TRANSFORM ERS
Estim ates o f e lectrical lo ad  ind ica ted  th a t three-phase 

3-3 k V /4 1 5 V  transfo rm ers  o f up  to  1500kV A  in ra ting  
w ould  be requ ired . T hey  w ou ld  be by fa r  the largest tra n s
fo rm ers ever installed  on b o ard  ship fo r auxiliary  purposes 
and  several new  problem s w ere posed. (See Fig. 5.)

T he  installed tran sfo rm er capacity  is large indeed (Fig. 
1), especially w hen com pared  w ith  the installed  load . T here  
w ere several reasons fo r th i s :

1) because o f their size, th e  tran sfo rm ers  needed to  be 
installed relatively  low  dow n in the ship, and  so had  
to be o rdered  a t a  very  early  stage in  o rd e r to  ob ta in  
delivery to  suit the build ing p ro g ram m e: a t this tim e 
only the pre lim inary  load ing  estim ates w ere available, 
and  the estim ated ra tin g  needed to  be conservatively 
high;

2) a tran sfo rm er once installed , w ould  fo rm  a “b lock” 
in th e  netw ork  such th a t the lo ad  in  its a rea  could 
no t be increased  above th e  u n it ra tin g : it w as th e re 
fo re  necessary to  allow  a m arg in  fo r developm ent o f 
load during  building, and  fo r the add ition  o f u n fo re 
seen loads la te r in  th e  sh ip ’s life;

3) tran sfo rm ers w ould  be cheaper and  delivery w ould 
be shortened  if they  w ere bough t in q u an tity : three 
sizes o f tran sfo rm er w ere th e re fo re  selected— one fo r 
m ach inery  spaces, one fo r accom m odation  and  galley,

F ig . 5— A  3300 V 1 415 pow er transform er in  its cell

and  one  fo r deck m achinery . T hus, in  each group , 
only one tran sfo rm er ap p ro ach ed  op tim um  size and  
the o thers w ere all la rger than  the ir loads required;

4) w ith one exception, it w as decided to  carry  no  spare 
tran sfo rm ers on b o a rd  because o f the ir need to be 
accom m odated  and  kep t d ry  an d  w arm . I t w as co n 
sidered p re fe rab le  to  inco rpo ra te  spare  capacity  in to  
th e  tran sfo rm ers  installed , an d , in  th e  even t o f a 
fa ilu re , to  feed th e  affected a rea  fro m  ad jacen t sec
tio n s: u nder certa in  conditions, this cou ld  m ean  
overload ing  a tran sfo rm er u p  to  120 per cent o f its 
ra ted  o u tp u t: this w as considered  accep tab le  fo r a 
sh o rt period , because a lm ost certa in ly  the am bien t 
tem p era tu re  w ould  be  below  the m ax im um  allow able, 
besides w hich  a class “C ” tran sfo rm er cou ld  stand  a 
degree o f over-loading fo r a sho rt p e riod  w ithou t any 
appreciab le  loss o f effective life.

Follow ing  conven tional m arine  practice, all tran sfo rm ers 
w ere a ir insu lated , bu t the high voltage un its w ere unco n v en 
tional in th a t they  w ere n o t enclosed in ven tila ted  sheet steel 
housings. Because o f their large size, it w as decided to  install 
core  and  coils in  special cells, w hich, in m ost cases, fo rm ed  
p a rt o f the sh ip ’s struc tu re . T h is gave several advantages:

a) the tran sfo rm ers w ere as sm all as possible, thus saving 
on  in itial cost and  w e ig h t:

b) easy access w as ob ta ined  all ro u n d  each u n it in its 
cell, fo r inspection and  m a in tenance : general inspec
tion  could  be carried  ou t a t any  tim e th rough  glass 
ports in the cell bulkheads;

c) no cable boxes w ere requ ired  and  cable cores w ere 
m ade  off directly  to  term inals;

d) enclosure v ib ra tion  noise w as elim inated .
C lass “C ” insu la tion  w as chosen, ra th e r  th an  th e  usual 

class “B” , because o f its h igher tem p era tu re  rise (w hich m ade  
fo r m inim um  dim ensions) and  its non-flam m ability .
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1500 kV A  w as the ra ting  requ ired  fo r each of the fou r 
m achinery  space transfo rm ers. T hree-phase  un its  w ould have 
been unaccep tab ly  large, especially w ith  built-in  spare cap a 
city, so each u n it com prised  a g roup  o f th ree  single-phase 
tran sfo rm ers connected  s ta r /d e lta  th ree-phase. O ne single
phase tran sfo rm er w as then  supplied as spare  and  installed  in 
one o f the cells.

A lm ost all the  h igh-voltage tran sfo rm ers w ere installed  
ad jacen t to , o r below , accom m odation  areas and  close a tten 
tion  w as paid  to  th e  reduction  o f noise by resilien t m ountings, 
special co re  m ateria ls , etc.

T h e  h ighest noise level em itted  from  any  tran sfo rm er was 
56 dbA , fu r th e r reduced  w here necessary by acoustic cladding.

T o  allow  fo r regu la tion  according to  th e  average load  in 
each area, th e  high voltage tran sfo rm er p rim ary  windings 
w ere p rov ided  w ith  tappings a t — 2 j  per cent.

M ach inery  space tran sfo rm ers h ad  fu rth e r tappings of 
—7y per cen t and  —10 per cen t so th a t if, a t som e fu tu re  
tim e, a  440 V  shore supply  w ere requ ired , com pensation  could 
be m ade  to  p roduce  the co rrec t voltages in  th e  sh ip’s systems.

MOTORS
G enera lly , electric m oto rs w ere continuous-m axim um - 

ra ted , in su lated  to  class “B ” and  fo r m axim um  pro tection  
against single-phasing, all w indings w ere star-connected . 
E xcep t fo r a few  large, w ell-situated  auxiliaries, all m edium - 
voltage m oto rs w ere to tally-enclosed fan-cooled; fo r m ost o f 
th e  h igh-voltage m achines, w ater cooling w as em ployed.

Special phase-segregated  o r vented  term inal boxes w ere 
no t considered necessary fo r th e  h igh-voltage m otors, as the 
prospective fau lt energy o f each circuit w as lim ited below 
explosion risk level by H B C  fuses.

Follow ing now  established prac tice  in ships bu ilt earlier, 
bearing grease nipples w ere rep laced  by plugs, to  avoid  indis
crim inate  over-greasing. A ll ho rizon ta l m oto rs w ere fitted w ith 
p re-loaded  bearings to  avoid  brinelling trouble .

CABLES
Pow er cables w ere bu ty l insulated , p.c.p. sheathing being

used in  accom m odation  areas and  c.s.p. sheath ing  in the 
higher am bien t tem pera tu res o f the  m ach inery  spaces. It had 
been in tended  to  use c.s.p. sheath ing  th ro u g h o u t; th is p roved  
uneconom ic w ith the  cable prices ob ta in ing  a t th a t tim e.

R egarding high voltage cables in  p a rticu la r, th e  classifi
cation  rules requ ired  th a t if th e  cables w ere to  be carried  on 
open tra y  p lating , then  m etallic  sheath ing  o r a rm ouring  had 
to  be provided. A lternatively , th e  m eta llic  sheath  o r  a rm our 
cou ld  be om itted , p rov ided  th a t th e  cables w ere installed  in 
continuous earthed  m eta l ducting . N either o f these p recau 
tions w as regarded  w ith  fav o u r, because o f an tic ipa ted  p e r
fo rm ance u nder fau lt conditions and  also because o f the 
add itiona l space, cost, w eight an d  lab o u r en tailed . B ut these 
p recau tionary  considerations w ere p a rticu la rly  im p o rtan t in 
passenger accom m odation .

It w as there fo re  decided, if it could  be show n th a t there  
w ere no h aza rd  to  personnel from  capac ita tive  cu rren ts 
betw een a m a n ’s h an d  on  a  cab le  sheath  an d  the conducto r, 
then  the m a tte r cou ld  perhaps be  reconsidered . A ccordingly, 
th e  th ree  m ajo r cable com panies w ere asked to  p roduce  su p 
porting  evidence.

As a safety  criterion , one m illiam p w as decided upon  as 
the m axim um  cu rren t w hich cou ld  be allow ed to  flow through  
the body o f a  person standing on  earthed  m eta l and  grasping 
the cab le  sheath.

By calcu lation  an d  by test, it w as p roved  th a t prov ided  
the longitud inal cab le  sheath  resistance w as n o t less th an  20 
m egohm s / f t ,  this fau lt cu rren t figure w ou ld  n o t be exceeded.

U p o n  receip t o f this in fo rm atio n , th e  classification 
au thorities agreed th a t unscreened, u n a rm o u red  bu ty l ru bber 
insulated , p.c.p. o r c.s.p. sheathed  3'3 kV  cab le , cou ld  be used 
on open tray  p la te  inside ceiling spaces in accom m odation  and 
m achinery  spaces, p rov ided  th a t single-core cables w ere run  
in tre fo il and  the cable w as secured by earthed  m etallic  clips 
a t a  p rescribed  spacing.

I t  should  be reco rded  th a t w hilst th e  d ispensation  was 
given, the 3-3 kV  cable runs in  passenger accom m odation  
ceilings w ere, in  fact, add itionally  p ro tec ted  by  light tray  
p late, bo lted  to  th e  sides o f th e  tray  bearing  the cable.

PART II—OPERATIONAL EXPERIENCE

TURBO-ALTERNATOR FEATURES
I t is w orth  com m enting  upon  the perfo rm ance  o f the 

follow ing fea tu res on  tria ls an d  in  service.

D esign Pow er F actor
T he saving in kV A  by specifying a  pow er fac to r of

0-833 has been m ore  th an  justified. T he  average system  pow er 
fac to r has been in  excess o f 0'85, and  at the sam e tim e there 
have been no m o to r starting  or voltage dip difficulties to  
justify  a low er figure. In  fu tu re  tonnage of a sim ilar type, a 
fac to r o f 0'85 w ould  appear appropria te .

E m ergency V oltage R egula tion  A rrangem ents
I t  is becom ing m ore  usual to  find em ergency change-over 

arrangem ents and  standby  m anua l voltage regu lators in 
m odern  ships, and  there  w as noth ing  exceptional in their 
being fitted  fo r these particu la r m achines. W h a t is w orth  
noting  is th a t they  w ere used on several occasions w hen fau lts 
arose and  th a t they  kep t the a lte rna to rs  in service. A t the 
tim es w hen a fau lty  au tom atic  vo ltage regu la to r was sus
pected, the change to  th e  spare  regu la to r, using the special 
change-over links w as achieved sm oothly  and  quickly  and 
w ith no d is tu rbance to  w iring.

R eactance and V oltage D ip
Perm issible m axim um  voltage dips depended upon  the 

tran sien t reac tance  w hich w as related  to  the design su b 
transien t reac tance  o f 16’5 per cent ± 2 0  per cent. I t  was a 
m a tte r fo r concern , therefo re , w hen th e  w orks tests revealed 
an  increase of 33 per cent on the design figure. T he  voltage 
dips p roduced  w hen starting  large m oto rs w ere in  excess o f 
those estim ated  as a m ax im um  during th e  tests a t the A E I

L ighting  L ab o ra to ry , bu t p rac tica l experience o n  b o a rd  has 
show n that, except fo r persons w ith  an  engineering back
g round , the lighting flicker goes unno ticed  and  has never been 
cause fo r com plain t o r adverse com m ent.

O ne bonus is th a t c ircu it-b reaker b reak ing  capacities are 
well w ith in  their ra tings. F o r  th e  high voltage sw itchgear the 
p rospective fau lt level w as reduced  below  150 M V A , so th a t 
th e  ex tra  expense in prov id ing  250 M V A  equipm ent was 
w asted, a lthough  this could  n o t possib ly  have been foreseen 
a t the tim e o f ordering .

P reference Tripping
T he tu rb ines used fo r driving th e  a lte rn a to rs  w ere co n 

tinuous m axim um  ra ted  and  thus w ere m ore  susceptible to  
sudden overloading than  w ere th e  a lte rn a to rs , i.e., they  w ould 
tend  to  stall under the app lication  o f heavy  k ilow att over
loading, w hereas the a lte rna to rs  had  a certa in  therm al cap a 
city  w hich w ould enable them  to  absorb  short-tim e overloads 
w ithou t dam age.

T he stan d ard  operating  p rocedu re  on board , a t tim es of 
m axim um  load , w as to  be th a t tw o  o f  the  th ree  tu rb o 
a lte rna to rs  w ould  be runn ing , the theore tica l peak lo ad  being 
80 per cent o f th e  nom inal ra ting  fo r bo th  m achines. T here  
was, then , the possibility th a t one a lte rn a to r m ight trip , leav
ing the o ther to  carry  th e  lo ad  un til p reference  tripp ing  could  
operate . T he  tripp ing  stages w ere set as low  as w as reasonable  
a t th ree, five and  seven seconds.

I t  w as decided th a t the sudden app lication  of an  extra 
80 per cen t load  on  a tu rb o -a lte rn a to r a lready  carry ing 80 
per cent ra ted  load , w as sufficiently unusual to  justify  a  full 
tr ia l on b oard— in p a rticu la r to  p rove  the preference tr ip  tim e 
settings. T he  results a re  given here.
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A lterna to r and  O verload Trial
T he p o rt a lte rn a to r was selected fo r the test. T h e  load  

w as bu ilt up  to  8'4 M W  on the p o rt an d  cen tre  m achines, as 
fo llo w s:

E lectric  m o to rs  5-3 M W
L ighting  and  galley ranges 1-2 M W
T est tanks 1-9 M W

i-4MW

(8-4 M W  represen ted  152-5 per cen t o f one a lte rn a to r fu ll load  
and  although  this w as n o t th e  theore tica l m ax im um  peak  load , 
it was the m ax im um  availab le  a t th e  tim e and  sufficient to  
give an  ind ication  o f perfo rm ance.)

T he  cen tre  m ach ine  w as tr ip p ed  and  the en tire  load  was 
th row n o n to  the  p o rt m ach ine . T h e  follow ing read ings w ere 
observed and  a fte r approx im ate ly  22 seconds the load  w as 
reduced  below  n o rm al m ach ine  fu ll lo ad  by m an u a l tr ip p in g : 
In s tru m en t O bservation
kW  H a rd  on th e  p reference tr ip  con tac t a t 5-5 M W

th ro u g h o u t test.
A m peres H a rd  over, d ropping  finally  to  1100 A.
V olts In itia lly  3300 V, d ropp ing  to  3050 V, recover

ing to  3225 V.
F requency  In itia lly  at 59-8 H z , d ropping  to 57 H z, recover

ing to  60 H z, an d  settling a t 59 H z.
P reference  T h e  re lay  tr ip p ed  0-6 M W  of galley lo ad  a fter 
relay  th ree  seconds bu t it d id  n o t opera te  the  stages

at five and  seven seconds (the defect w as la ter 
fo u n d  to  be due to  d irty  contacts).

T he  results show  th a t th e  in e rtia  o f th e  ro ta tin g  load  
th ro u g h o u t th e  ship helped to  m ain ta in  the  frequency  w ithin 
acceptab le  lim its un til th e  excess load  w as tripped . T hey  are  
on th e  pessim istic side, as nearly  a q u a rte r  o f the  load  was 
from  test tanks and , there fo re , non-ro ta ting .

TURBO-ALTERNATOR TROUBLES
A t the  design stage, close a tten tio n  w as p a id  to  the m ain

h.v. a lte rna to rs , to  m ake  them  as sim ple and  as troub le-free  
as possible. I t  w as, then , particu la rly  vexing to  find th a t they  
w ere a  constan t source o f troub le  during  the  first year o f 
service.

M ain  E xc iter Failure
D uring  the com m issioning period  it w as noticed th a t fo r 

one m achine th e  exciter field cu rren t an d  vo ltage w ere n o t in 
accordance w ith  the w orks test figures. T he  exciter ro to r  was 
re tu rn ed  to  the  m ak e r’s w orks w here it w as fo u n d  th a t foreign  
m etallic m atte r h ad  en tered  the w indings du ring  m anufac tu re  
and  h ad  finally  caused a short-c ircu it betw een tu rns.

C losed A ir-circu it C on tam ina tion
A fter com m issioning, dust deposits w ere no ticed  a t 

several jo in ts and  cover edges on  all th ree a lte rn a to r casings, 
and  it w as ev ident th a t a considerab le  volum e o f  d irty  
am bien t a ir w as being d raw n  in to  th e  closed air-circuits. 
T he  jo in ts w ere re-sealed  an d  the covers re-jo in ted .

A fte r trials, th e  cooling  air-c ircu its w ere opened  u p  fo r 
inspection and  in  tw o a lte rn a to rs  the  end  w indings w ere 
found  to  be covered  w ith  a  heavy  oil a n d  d ir t deposit. I t  w as 
found  in  each case th a t oil h ad  m ig ra ted  from  the a lte rn a to r/ 
exciter pedestal bearing , ru n  u p  a  tap e r in  th e  shaft and  been 
d raw n  in to  the m achine by the in te rio r cooling  fan .

P reventing th e  oil m ig ra ting  u p  th e  shaft taper w as 
difficult because of space restric tion  an d  it w as difficult to  fit 
a th row er ring  to  d ivert any  fu tu re  leakages. A  com prom ise 
was effected by fitting felts to the laby rin th  and  by m aking the 
shaft g u a rd  o f  expanded  m eta l instead  o f steel p late , to  reduce 
the tunnel effect. A ir h ad  obviously  been d raw n  in  a t  the 
base p la te  w ater d rains, an d  so th e  dra ins w ere re-located  
to enable w ater m anom eters to  be fitted. T hese inciden tally  
show ed a difference in  pressure betw een inner casing an d  the 
m achinery  space o f  2 in . w.g.

C ooler Failures
S horty  a fte r  com m issioning, exam ination  o f  the a lu 

m inium  brass cooler tubes revealed  severe p itting , and  it w as 
necessary fo r the tubes in a ll th ree m achines to  be replaced . 
I t  w as though t th a t th e  p itting  w as due to  con tam ina ted  
cooling w ater taken  fro m  the C lyde during  the com m issioning 
period.

S ubsequent to  this, the  connexions to  the coolers inside 
the baseplates o f tw o o f  th e  m achines failed, due to  the use 
o f a  sho rt length o f m ild  steel p ip ing  ad jacen t to  a  cu p ro 
nickel fitting. L eakage w ater h ad  escaped th rough  the  drains, 
b u t since these w ere one inch  above the basep late , there  was 
w ater to  this depth  inside each m achine. I t  w as fo rtu n a te  th a t 
bo ttom -m oun ted  coolers h a d  been specified, an tic ipating  the 
possibility  o f  such leakage and  no electrical dam age w as 
caused. F ollow ing rep lacem en t o f the fau lty  p ipe sections, 
inspection  w indow s w ere fitted  to  th e  base to enab le  any  
fu r th e r leakage to  be seen, and  the d rains w ere re-located  to 
ensure p ro p er d rainage.

A V R  Failure to  O ver-V oltage
D uring  sea trials, a t a  tim e w hen the vessel w as stopped , 

the system  voltage suddenly  rose from  the nom inal 3300 V  to 
m ore th an  5000 V. T h e  ac tu a l vo ltage  cou ld  n o t be observed, 
as the con tro l room  vo ltm eters w ere h a rd  against their stops. 
T w o m ain  a lte rn a to rs  w ere ru nn ing  an d  their am m eters w ere 
seen to  be read ing  off-scale. A fte r ap p rox im ate ly  ten  seconds, 
the s ta rb o ard  bus-section b reaker tripped , fo llow ed by  the 
s ta rb o ard  a lte rn a to r b reaker an d  field sw itch. Supplies to  the 
p o rt busbars w ere m ain ta ined  by th e  p o rt a lte rn a to r an d  the 
bus-section circu it-b reaker w as re-closed  to  res to re  pow er to 
th e  w hole installa tion .

T he s ta rb o ard  a lte rn a to r (still runn ing) w as re-excited  
and  found  to  genera te  over 5000 V  a t all reg u la to r settings. 
T he  au to m atic  vo ltage reg u la to r w as then  rep laced  by the 
spare, by changing  over th e  em ergency links a n d  u p o n  re 
excita tion  the a lte rn a to r w as fo u n d  to  opera te  norm ally .

A  check of equ ipm ent th ro u g h o u t th e  sh ip  revealed  ex
tensive dam age to  rad io  com m un ica tion  ap p a ra tu s  a n d  slight 
dam age to  the sound  rep ro d u c tio n  system . F o rtu n a te ly  m ost 
nav igation  aids etc., w ere sw itched off a t  the tim e.

E xam ina tion  o f the fau lty  A V R  show ed u p  an  open- 
circuited  diode, w hich had  caused  th e  field bu ild -up  re lay  to 
d rop  ou t, thus sim ulating  a  low  field cond ition . T h e  reg u la to r 
responded  by giving fu ll field-forcing, w hich caused  the over
voltage.

In  la ter discussions it w as estab lished  th a t fa ilu re  o f 
several o ther com ponen ts cou ld  rep ro d u ce  a  sim ilar fau lt 
bu t re-design o f the reg u la to r to  take  th is in to  accoun t w as 
o u t o f the question . T h e  fitting o f  over-vo ltage p ro tec tio n  w as 
the only  solu tion .

O ver-voltage p ro tec tion  is ra re ly  fitted  in  ships, p rin c i
pally  because over-voltage fau lts  a re  ra re , an d  w hen they  do 
occur, do n o t no rm ally  cause dam age. W hen first review ing 
pro tective requ irem ents fo r the ship, over-voltage p ro tec tion  
w as seriously considered , bu t th e  com plex ity  o f sufficiently 
reliab le  “fa il safe” equ ipm ent w as th o u g h t a t  the tim e to  be 
m ore  h azard o u s th an  p ro tective, a n d  thus on ly  over-voltage 
a la rm  w as in co rpo ra ted . H ow ever, faced  w ith  p rac tica l evi
dence th a t over-voltages cou ld  n o t be to le ra ted , there  w as no 
alternative  an d  effective p ro tec tion  h ad  to  be fitted  before  
the ship could  con tinue  her trials.

A n over-voltage re lay  w hich cou ld  sim ply tr ip  the a lte rn 
a to r c ircu it-b reakers w ou ld  have  been easy to fit, b u t to  do 
th is w ould  co u rt b lackouts, w hich could  occur a t an y  tim e. 
T h e  only  rea l so lu tion  w as to  iso late the  c ircu it causing the 
troub le  and  rep lace it by som ething sim ilar.

A shore the p rob lem  is som etim es solved by fitting each 
a lte rn a to r w ith  tw o A V R s a n d  au to m atic  change-over a rran g e 
m ents, b u t this w as qu ite  im practicab le , because o f the 
lengthy delivery tim e, quite a p a rt from  the h igh  cost entailed  
and  the com plex ity  resulting.

I t  w as decided to  p roceed  w ith p ro tec tion  in  tw o fo rm s:
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(i) relays to  detect the fau lt an d  iso late  the fau lty  
equipm ent in sufficient tim e to  p reven t dam aging 
over-voltages occurring;

(ii) m eans to  tr ip  rad io  com m unication  and  navigation  
aids pow er supplies up o n  in itia tion  of the fau lt and  
isolate them  before the voltage could rise to a 
dam aging value, the a lte rn a to r tim e constan t being 
ab o u t 400 ms.

F o r detec tion  of an  over-voltage condition , over-voltage 
relays w ere p rov ided  fo r each a lte rna to r. A lone, these w ere 
no t sufficient, since norm ally , w ith  tw o or three a lte rna to rs  
in  paralle l, all relays w ould  detec t the sam e voltage and  
w ould  operate . Selection o f  th e  fau lty  circu it w as to  be m ade 
by com bining w ith each over-voltage relay , ano ther re lay  to 
detect heavy field forcing, since only  the fau lty  c ircuit w ould 
exhibit this sym ptom  in add ition  to  over-voltage.

A field over-voltage re lay  w as tried, bu t p roved  too 
sensitive to  the pulsing w ave fo rm  o f the A V R  o u tpu t. Since 
a field over-cu rren t re lay  w ould  be too  slow, it w as finally 
decided to  m on ito r field cu rren t by  m easuring  the voltage 
d ro p  across a  series resistor.

H av ing  ob ta ined  sufficiently fas t and  reliab le  m eans of 
detection  and  selection, the problem  was then to  tr ip  the 
voltage co n tro l from  “a u to ” to  “h a n d ”, sufficiently quickly 
to  a rre s t th e  vo ltage rise. T o  do this the m anual h a n d /a u to  
sw itch was rep laced  by ano ther sw itch w ith h an d — close/ 
e lec trical-trip  fea tu re  and  the operating  speed of this, added  
to the re lay  speed w as estim ated  a t 100 ms.

T h e  hand  vo ltage regu la to r associated  w ith m anua l co n 
tro l w as then fitted w ith a stop, such th a t the voltage under 
m inim um  ship load  conditions could  n o t g reatly  exceed 
3300 V. T h is was essential because there w ould  be little po in t 
in  tripp ing  an  A V R , causing over-voltage, only  to substitu te 
it by a h an d  regu la to r repeating  the condition . T he  stop could 
then  be over-ridden  if  the excitation  w ere fo u n d  to  be low.

T he  w hole set-up w as installed and  tested under average 
load  conditions bv w ithdraw ing the A V R  sensing voltage 
tran sfo rm er fuses to  cause field-forcing. T h e  vo ltage rose 
to  3800 V  (115 per cen t o f nom inal) befo re the voltage 
change-over sw itch tr ipped  to  m anual. T h is  w as m ost satis
fac to ry  and  was considered adequate  to  p ro tec t the electrical 
installa tion . H ow ever, to  give add itiona l back-up  p ro tection  
to the rad io  com m unication  equipm ent an d  navigation  aids, 
the high speed c ircu it-b reaker m entioned  earlier was fitted. 
T he operating-tim e of this w as show n to be 15 m s faster than  
th a t o f the au tom atic  voltage change-over switch.

A u to m a tic  Turbo-a lterna tor R u n -u p  Schem e
E ach  tu rb o -a lte rn a to r w as fitted  w ith an  au tom atic  

schem e o f the re lay  type, to  take the tu rb ine  th rough  all 
p rep ara tio n  stages au tom atically , and  finally to  synchronize 
the a lte rn a to r with the runn ing  m achines and  to  share load. 
C om m issioning o f the equipm ent did no t take place until 
m any  m onths a fter the ship had  en tered  service, and  a fte r a 
considerable num ber o f m odifications had  been m ade. D uring  
the first w inter cruise p rogram m e aw ay from  the U nited  
K ingdom , the au tom atic  synchronizer failed  and  rem ained 
o u t o f service un til the ship re tu rn ed  m onths la ter.

SW ITCHGEAR AND CONTROL GEAR
M ain  Sw itchboard  S h o rt C ircuit F ault

D uring  th e  final com m issioning period  betw een the tech 
nical and  acceptance tria ls, an  inc iden t occurred  in the m ain  
high-voltage sw itchboard  and  caused a  busbar short-circuit 
fau lt.

i t  w as discovered during tests o f the au tom atic  com bus
tion con tro l schem e th a t the H V  sw itch-fuse fo r a boiler fan 
was occasionally  tripp ing  fo r no  ap p aren t reason.

Tests w ere being carried  ou t using the rem ote contro ls to  
establish  the troub le  zone, w hen several sharp  repo rts  w ere 
heard , each being accom panied  by a dip in the in tensity  o f 
th e  sh ip’s lighting, and  the circu it-b reaker associated w ith the 
a lte rn a to r feeding the  s ta rb o a rd  busbars, tripped . F ro m  the

cond ition  o f th e  sw itch-fuse panel, a  b u sb a r short-c ircu it had  
obviously occurred  and  so supplies to  th e  s ta rb o a rd  h a lf  of 
the ship w ere tem porarily  lost. T h e  em ergency links in  the 
sw itchboard  pairs th ro u g h o u t th e  vessel, w ere then  rem oved 
from  the s ta rb o ard  ends of the busbars and  used to  connect 
all sw itchboards to  the p o rt feeders; all p o r t use supplies w ere 
then  restored .

T he  dam aged  circu it was investigated  an d  th e  dam age 
was fo u n d  to  be confined to  th e  cubicle, a lth o u g h  som e soot 
h ad  been fo rced  in to  th e  co m partm en t on  e ither side and 
in to  the con tro l room  generally . T h e  sw itch w as stuck  in  the 
closed position  and , on freeing it, i t  cou ld  be  seen th a t all 
th ree  busbar iso lating  plugs an d  tw o  o f th e  phase-fixed and 
m oving contac ts had  been b u rned  aw ay  by a  th ree-phase 
short-circuit.

W ith  so m uch  of th e  evidence destroyed , it  w as difficult 
to  be certa in  ab o u t th e  cause o f fa ilu re , bu t it is the  a u th o r’s 
opinion th a t th e  arcing orig inated  a t the fixed and  m oving 
contac ts and  spread to th e  iso la tion  plugs. T h e  cause o f arcing 
could  have  been connected  w ith  m an u a l opera tion  o f the 
sw itch during com m issioning, an  opera tio n  w hich is no t 
recom m ended  by  the m an u fac tu re rs  fo r a  sw itch w hich is 
designed to  be electrically  closed. A ll rem ain ing  sw itches 
w ere inspected, then  and  a t regu la r in tervals fo r a  year, bu t 
no undue  con tac t erosion appeared .

I t  w as reassuring  to  find th a t a fu ll th ree-phase short- 
c ircu it was effectively confined to  one cubicle.

G roup  S tarter Sw itchboard  Short-circu it F au lt
A lso during  th e  com m issioning period , sm oke w as seen 

to  be com ing fro m  one of the  tu rb in e  co n tro l ro o m  415 V 
g roup  sta rte r sw itchboards and  th e  feeding c ircu it-b reaker 
tripped . Investigation  show ed th a t a th ree-phase short-circu it 
had  occurred  in th e  busbar cham ber. T he  cause o f the fau lt 
w as an  unused  length of m eta l angle w hich h a d  been taped  to 
the inside o f the cham ber, h ad  finally becom e loosened and 
h ad  fallen on  to the busbars. In  view  of the rap id  clearance 
tim e o f the c ircu it-b reaker, th e  fau lt dam age w as n o t severe 
an d  the dam aged  sections of busbar w ere soon replaced.

T his w as a fu r th e r lesson in th e  ca re  w hich is necessary 
in com m issioning electrical equipm ent.

T his and the previous inc iden t d id  serve to  reassure the 
sh ip’s staff th a t the ship w as provided  w ith effective d iscrim in
ative pro tective equipm ent.

Sw itchgear B attery-charger Failure
Follow ing com m issioning, a tran sfo rm er w inding failed 

in the tripp ing  and  closing battery -charger, causing the battery  
voltage to  d rop  to  a  level a t w hich the low  voltage  alarm  
opera ted . T he  closing an d  tripp ing  supply  source  w as changed 
over to  th e  em ergency supply from  th e  sh ip ’s m ain  em ergency 
battery , and  all sh ip’s services con tinued  w ithou t b reak . I t was 
fo r tu n a te  th a t the em ergency supply arrangem ents had  been 
fitted, because several days elapsed befo re  a rep lacem ent 
tran sfo rm er was available.

T  ransform ers
Service a t sea has no t show n u p  any  p rac tica l argum ents 

against th e  specification o f th e  tran sfo rm ers o r th e  w ay in 
w hich they  w ere installed . T h ere  have been no com plain ts 
fro m  passengers o r crew  in com partm en ts ad jacen t to  the 
units, ab o u t noise o r excess heat.

T h e  free standing a rrangem ent in  cells has m ade  cleaning 
during the annua l overhau l periods particu la rly  sim ple and 
rap id .

T he  prac tice  o f solidly earth ing  the n eu tra l o f all pow er 
tran sfo rm ers , excepting those fo r m ach inery  supplies, has 
p roved  to  be w ell w orthw hile. A lm ost all o f th e  earth  faults 
w hich have arisen in th e  circuits have been self-identifying 
th rough  the blow ing of a  fuse, and  th is has reduced  tim e 
spent on fault-finding to  a frac tio n  o f w hat it  w ould  o th e r
wise have been.

T he  re liab ility  o f the tran sfo rm ers  them selves w as, h ow 
ever, a t first open to  question . T his was an tic ipated  at the
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design stage in  1966 w hen, because industry  h ad  experienced 
a num ber o f failures in h igh-voltage a ir in su lated  tra n s
form ers, the E lectrical R esearch  A ssociation  w as consulted. 
T he  A ssociation  w as able to  advise, fro m  its records o f 
failu res, th a t the m ajo rity  w ere due to  in su la tion  fa ilu re  
follow ing m oto r-s tarting  o r sw itching surges. T hese problem s 
w ere discussed in detail w ith  prospective m an u fac tu re rs , w ho 
confidently  expected th a t w ith  th e  experience o f the failures 
beh ind  them , no fu rth e r tro u b le  should  occur.

I t  was. then, d istu rb ing , w hen during  rou tine  shop tests 
o f tw o of the tran sfo rm ers , they  w ere fo u n d  to  have 
developed short-circuits betw een tu rn s on  the secondary  side 
on  one phase. Follow ing  repa ir, all the tran sfo rm ers w ere 
oven heated  to  220°C  an d  induced  vo ltage tests a t  tw ice 
norm al volts a t 200 H z  fo r 30s w ere carried  o u t to  test 
th e  in te r-tu rn  insu lation . H igh  vo ltage tests w ere then  m ade 
a t 8000 V  betw een H .T . an d  L .T . w indings to  earth , and  at

2500 V betw een L .T . and  H .T . w indings to  earth . I t was 
hoped  th a t the failu res h ad  been elim inated  bu t, a fte r in s ta ll
a tion  p rio r to  sea tria ls , a  fu r th e r sim ilar fau lt m ade  its 
appearance  on  a th ird  un it. T h e  tran sfo rm er w as re tu rn ed  to 
th e  w orks fo r rep a ir and  w as reinstalled .

W ith  a reco rd  o f th ree sim ilar fa ilu res w ithin a sho rt tim e 
from  m an u fac tu re , it w as no  longer considered wise to adhere 
to  the  policy o f no t p roviding spares fo r the units outside the 
m ach inery  space and  accord ing ly  a  com plete  set o f three- 
phase coils w as m an u fac tu red  and  p laced  in  sto re  a t the 
m ak er’s w orks to  m inim ize rep a ir tim e shou ld  any  fu rth e r 
fa ilu re  occur.
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Discussion
M r . D. G r a y , B.Sc., M .I.M ar.E ., said th a t it was interesting 

to  no te  th a t high voltage generation was necessary because o f  a 
decision m ade fo r econom ic an d  operational reasons, i.e. th a t 
the num ber o f generating sets was to  be restricted to  three. I t was 
because the generating p lant h ad  to  be restricted to  three units 
tha t high voltage generation  becam e necessary. T his was an  
interesting difference between this ship and  o ther passenger ships 
built in the last tw enty years.

M r. G ray  though t it curious th a t whenever high voltage 
generation had  been used in  previous years, it was nearly always 
an  econom ic or operational reason w hich d ictated  the choice. 
F o r instance, there were som e com paratively sm all tankers 
building a t the present tim e in w hich electrically driven cargo 
pum ps were to  be fitted. It was also a requirem ent th a t the tim e 
o f  load ing /un load ing  had  to  be w ithin the period o f  one tide,
i.e. 12 hours. The requirem ent o f the fast tu rn  ro u n d  time, 
coupled w ith the preference fo r electric cargo pum ps, required  
large m otors. M otors o f  this size rendered  3 kV app rop ria te  for 
the system  voltage, because m edium  voltage m oto rs o f this 
ra ting  w ould be uneconom ic.

A nother facet o f the question  occurred when large generating 
sets were proposed fo r a ship. The physical difficulty o f  installing 
440 V generator cables frequently  swayed the balance in favour 
o f high voltage generation.

M r. G ray though t it was open to  question w hether 60 H z 
w ould have been chosen in 1971. E lectrical m anufacturers 
th roughou t the w orld were m erging in to  larger units. T his had  
produced and  w ould produce, problem s w ith  the placing o f 
orders fo r non-standard  eq u ip m en t; in E urope 60 H z h ad  to  be 
regarded as non-standard  and  if  this were no t true  today, then it 
certainly w ould be in 1975. T he au th o r had  m entioned the 
reasons for th is choice o f 60 H z as: the speed o f auxiliaries, the 
higher pow er to  w eight ra tio  and  the overall cost. These were the 
deciding factors in 1964/5. H e though t th is had  now  to  be 
equated  w ith the cost o f  spares (if they were ob tainable) needed 
during the life o f the ship. Perhaps the au th o r w ould care to  give 
som e present-day com m ents on this question.

R egarding the num ber o f generating sets, it w ould appear 
tha t it was because the num ber o f  these was restricted to  three, 
all located in one generator room , th a t high voltage generation 
was necessary. Fig. 6 show ed the electrical system s for som e of 
the passenger ships built betw een 1954 and  1963.

M r. G ray  said th a t Q E2  had  one generating room  contain ing 
three generating sets. H e was n o t criticizing the w isdom  o f  this 
choice but the system s show n in Fig. 6 illustrated  the views of 
o ther m arine electrical engineers. O f the ships illu s tra ted ; one 
had  three generator room s, o thers tw o generator room s and 
som e only one generator room . The advantage o f m ore than  one 
generator room  did n o t require am plification.

As regards the num ber o f  generating sets, Q E2  needed tw o

to supply pow er for the norm al sh ip’s load  so th a t there was one 
set standby. W ith  one u n it defective the ship could  still be fully 
opera tional; tw o un its defective and  all services could no  longer 
be supplied.

A  one fault philosophy such as th is was perfectly norm al 
and acceptable fo r a  com m ercial sh ip ; it was doubtfu l fo r a 
w arship because a w arship h ad  to  rem ain  opera tional even after 
dam age had  occurred. Q E2  was n o t a w arship, b u t it was 
debatab le  w hether it should  be considered an  ord inary  com 
m ercial ship. She had  2000 passengers on  board , an d  was a 
‘prestige’ ship.

C onsiderably m ore redundancy h ad  been bu ilt in to  the 
systems show n in Fig. 6 than  existed in  QE2, an d  th is ex tra  
redundancy expressed the philosophy o f the m arine engineers 
responsible for the design o f these passenger ships.

M r. G ray  w ould  m ake th e  sam e com m ents viz-a-viz au to 
m atic voltage regulators. T hree large generating  sets had  one 
spare A V R  fo r all th ree sets. T h a t spare A V R  had , in fact, 
a lready been called in to  service as described in  the paper. T here 
could  well be a case fo r having tw o A V R s per m achine in a  ship 
o f  this type.

H e though t th a t they w ere stuck w ith the problem  o f  over 
voltages as a  result o f A V R  failure. T here was no  easy answ er. 
Field forcing was always necessary to  a greater o r lesser extent. 
I f  one h ad  to o  m uch field forcing in  the design one w ould get 
overvoltage problem s and  dam age such as th a t described by the 
a u th o r; to o  little field forcing and  the generato r voltage w ould 
n o t recover fast enough after a  sudden load  change, w ith the risk 
o f m oto rs overheating.

T he au th o r h ad  m entioned the failure o f  fuses in  a  voltage 
sensing circuit. I f  one attem pted  to  p ro tect such a  circuit 
accurately then  this m eant a  low ra ting  fuse w ith the problem  o f 
possible inadverten t opera tion  w ith the a tten d an t dangers o f 
overvoltage on  the system. T here w ere m any m arine engineers 
w ho held the view, which was shared personally  by M r. G ray, 
th a t if  fuse p ro tection  was to  be fitted in  such a  circuit the 
protective elem ent should  be o f  such ra ting  th a t inadvertent 
operation  was unlikely.

T his m eant th a t close pro tec tion  o f the circuit m ight no t be 
afforded; p ro tec tion  against full sho rt circuits only and  the 
hazard  o f fire w ould be provided.

T his ship had  a  very large electrical installation . I t had  also 
m any signal and  contro l circuits, an d  M r. G ray  asked M r. B olton 
w hether there were any problem s connected w ith noise pick-up 
from  the pow er system  in to  the contro l, signal and  com m unica
tion  circuits, and  w hat steps were taken  a t the design stage to  
try  to  m inim ize this interference.

T ransient over-voltage had  been m entioned w ith particu lar 
reference to  the all-insulated system. I t h ad  been m easured in 
ships o f  the US N avy and  m ore recently a  num ber o f com m ercial
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F ig . 6— E xam ples o f  system  layou t in passenger ships 1954-63.

Fig. D ate of 
build

Country 
of build

Country of 
ownership

a 1954 Italy Italy
b 1957 Italy Sweden
c 1959 Holland Holland
d 1960 Italy Italy
e 1961 Britain Britain
f 1961 Britain Britain
g 1961 France France
h 1963 Italy Italy
J 1963 Italy Italy
k 1963 France Israel

All ratings shown are given in kilowatts. Emergency generators are not shown. 
In all cases the system is 440V, 60c/s.

ships h ad  reported  it, yet to  the best o f  his know ledge M r. G ray 
had  never heard  o f  any failure o f  pow er equipm ent w hich could 
be directly a ttribu ted  to  transien t over-voltage, by w hich he 
m eant an  over-voltage w ith a  d u ra tion  o f  milli-seconds. The 
au th o r h ad  referred to  failures a ttribu ted  by industrial users to  
this. H e w ould  like to  know  m ore ab o u t th is if  the au th o r had 
any details because the only p lan t he knew ashore w hich had

used an insulated system on  this so rt o f  voltage was T he Steel 
C om pany o f  W ales, and  th is h ad  been several years ago. I f  there 
was any evidence o f failure o f  pow er equipm ent he w ould be 
very grateful to  hear o f  it.

Finally  M r. G ray  asked w hether the ship staff dealt w ith 
m aintenance o f th e  high voltage sw itchgear o r w hether a 
m aintenance contract h ad  been arranged  w ith the sw itchgear 
m anufacturers. This, he thought, w ould be o f  considerable 
in terest to  all m arine engineers w ho m ight have to  ad o p t HV 
systems.

M r . C r ic k  asked the au th o r to  com m ent on  w hether, in 
the early stages o f design, any consideration  h ad  been given to  
using a split busbar system, w hich m ight have perm itted  a 
m edium  voltage installation. I f  so, w hat were the over-riding 
disadvantages o f  im plem enting this system  a t th a t tim e (o r the 
advantages o f the high voltage system) and  h ad  this reasoning 
been substan tia ted  in practice ?

The choice in  passenger liners, betw een using 60 H z and 
50 H z was n o t an  obvious one. F o r  a  vessel p rim arily  in tended to 
operate from  A m erican ports carry ing A m erican passengers, the 
case for 60 Hz, how ever, was substantial. But fo r vessels intended 
fo r U K , A ustralian , E uropean  and  South  A frican trades, etc., 
the argum ents m ight n o t be so valid. S tandard  hotel equipm ent 
and  appliances and  lighting chokes, etc., w ould  be 50 H z; thus 
on 50 Hz frequency new and  replacem ent equipm ent, as well as 
spares, w ould be cheaper an d  easier to  p rocure, and  few 
difficulties w ould be encountered  w ith shore connexions.

W ith regard  to  the adop tion  o f  three-phase, four-wire 
systems to  take full advantage o f 13 am p standard  fused outlets 
(am ong others), could the au th o r indicate any param eters which 
decided the num ber o f  outlets per circuit and  w hether any 
restrictions were im posed— cable sizes, spurs, o r area covered by 
each circuit fo r exam ple ?

The au thor, said  M r. C rick, had  m ade a  good  argum ent for 
a  three-phase, four-w ire system fo r the hotel netw ork but 
where m ore essential circuits such as navigation  an d  com 
m unications were involved, the disabilities associated w ith such 
systems were in troduced and  it w ould seem pruden t to  consider 
providing a separate insulated system  in such cases.

The adoption  o f 110 V supplies fo r po rtab le  tools and  
handlam ps to  be used in areas o f  high shock risk  should  be m ore 
w idespread in  ships th an  a t present is the case. Portab le  tools 
for m achinery spaces and  even for deck use m ight even m ore 
preferably be com pressed a ir operated , and  handlam ps supplied 
from  a 24 V circuit.

The concept o f to tally  enclosed m otors an d  generators was 
fully endorsed by the speaker on the grounds o f increased 
reliability and  reduced m aintenance. R egarding w ater-cooled 
m achines, the speaker felt the tendency should  be tow ards using 
double tube coolers and  effective leakage alarm s, thus allowing 
app rop ria te  action  to  be taken  before w ater entered  the windings.

The provision o f  over-voltage pro tec tion  was becom ing 
increasingly im portan t, bu t m anufacturers seem ed re luctan t to 
endorse th is view because o f  the difficulties involved. Protection  
to  susceptible equipm ent should  be coupled w ith security o f 
supply, an d  consideration  should  be given to  parallel and  single 
operation  o f generators. O n sm aller installations care had  to  be 
taken  not to  im pair the perform ance o f the voltage regulations 
w ith the in troduction  o f over-voltage protection . C onsideration  
m ight also be given to  incorporating  no-voltage protection  in 
equipm ents likely to  be dam aged by over-voltage. F inally  it was 
vitally im portan t to  ensure th a t the provision o f  any protective 
device did no t in troduce otherw ise non-existent hazards to  the 
system  security.

T he au th o r’s rem arks on  system  pow er factors confirm ed 
the speaker’s own experience. The best pow er factor was usually 
obtained  a t peak-load conditions as a  result o f h igh non-inductive 
galley loads, bu t in deciding the pow er fac to r ra ting  o f  generators 
som e though t had  to  be given as to  w hether the selection o f say 
0-85 instead o f 0-8 w ould, under low -load conditions, result in 
runn ing  one m ore generator than  w ould  otherw ise be necessary.

F inally, as m ade apparen t by the paper, increased am ounts 
o f electrical equipm ent resulted in increasingly com plex problem s.

278 Trans.l.M ar.E ., 1971. Vol. S3



Discussion

A  successful ship, econom ically and  operationally , had to  depend 
on  full co-ord ination  and  understanding between the m echanical 
engineer, the electrical engineer an d  the naval arch itec t; an d  in 
any design the problem s to  be m et by the operating , m aintenance 
and  repa ir personnel h ad  to  be very m uch taken  in to  
consideration.

M r . G. V i c t o r y , M em ber o f  C ouncil I.M ar.E ., said  th a t 
the au th o r had  set ou t very clearly the particu lar problem s 
involved in  designing very high electrical pow ers required  to  
cope w ith propulsion, auxiliaries an d  hotel services in  a  m odern  
passenger liner.

T he solutions the au th o r reached  h ad  resulted  from  the 
problem  being tackled by a som ew hat new m ethod  in m arine 
practice using the analogy o f  land  practice, w hereby the m ain 
m achinery room s an d  generato r room s were trea ted  in effect as 
a  self-contained pow er s ta tio n ; an d  the hotel and  ancillary 
services were trea ted  as d is tribu tion  areas, w ith w hat were in 
effect transform er sub-stations each  w ith  the ir ow n area o f  
d istribu tion  based on the neu tra l earthed  principle, com plete 
even to  the fam iliar 13 am p plug points. T hat it had  been so 
successful was a  po in ter to  the p robable  con tinued  use o f  this 
philosophy in the fu tu re  w here very high electrical pow er was 
needed.

N atu ra lly , w ith QE2  registered in the U nited  K ingdom  it 
was necessary fo r the electrical arrangem ents, as fo r all o ther 
particu lars o f  hull and  m achinery, to  be exam ined, approved  an d  
surveyed during construction  by the M arine D epartm en t o f  the 
B oard  o f T rade  (now  the D epartm en t o f  T rade and  Industry) 
an d  the som ew hat unconventional approach , brought, he could  
vouch, problem s and  headaches to  the D epartm en t. H e com pli
m ented the au th o r on  his choice o f the b lanket phrase, 
“classification au tho rities” , a n d  w ondered if  perhaps by th is he 
had m eant s ta tu to ry  au tho rity  an d  classification society. They 
were in fact tw o different things.

O ne divergence from  lan d  practice w as th a t the sub-station  
did  no t inco rpora te  high voltage sw itchgear which o f  course 
required th a t any necessary iso lation  had  to  be carried  ou t from  
the m ain  sw itchboard . The au th o r h ad  said  th a t the short 
distances involved obviated  the need to  opera te  a  “ perm it-to- 
w ork”  system  in th a t such w ork w ould carry  on under the direct 
au thority  o f  the  ch ief electrical officer. H ow ever, th is d id  n o t 
appear to  cover the w ork on 415 V circuits w here one could be 
killed ju s t as nicely an d  cleanly an d  it w ould  appear th a t in  this 
a rea  the “perm it-to -w ork” system  could  be used to  advantage. 
Perhaps the au th o r could  say w hether in  practice the system  he 
had adop ted  h ad  really  guaran teed  p ro tec tion  to  personnel 
w orking on these systems.

A lthough Q E2  was n o t in fact the first passenger vessel 
using unscreened cables a t 3-3 kV to  be surveyed by the B oard, 
he thought it was the first ship in w hich the 3-3 kV circuits had  
been extended outside the m achinery spaces; and  it was probably  
the first ship in  w hich it  w as n o t in tended  to  screen the cables 
and  in fact n o t enclose them  in  really  strong  ducting. As the 
au th o r had  said, the so lu tion  in respect o f  personnel safety on 
these exposed cables w as to  ob ta in  a  surface resistance o f  
20 m egohm s per foo t on the cable insulation , and  to  nullify the 
possibility th a t cu rren t accum ulated  over a reasonable length 
could  be concentrated  in to  one  po in t, by having fairly closely 
spaced m etallic clips. M r. V ictory though t th is so lu tion  was 
quite effective, but to  m ain ta in  the surface resistance it was 
necessary to  keep the surface undam aged, clean an d  free from  
oil, dust o r pain t, deposits o f  w hich were always likely to  
accum ulate on cables. H e w ondered if the au th o r could  repo rt 
o n  any tests having been carried  o u t to  ensure th a t th e  adequacy 
o f the cable surface resistance had  been m ain tained  in operation , 
and  w hether there were any precautions taken  to  avoid, for exam 
ple, spray pain ting  in these areas.

A nother p roblem  concerning neu tral earth ing  between 
transform ers and  a lternato rs arose w hen the system  was fed back 
from  the em ergency generator. T his could  have been dealt w ith 
by in troducing a  sw itch in to  the neu trals, bu t originally it was 
proposed th a t the transfo rm er neutrals should  be tied to  the 
a lte rna to r neutrals a t the “ h o t”  end  o f  the earth ing  resistors.

H e believed it was the suggestion o f  the B oard o f T rade  w hich 
m ade it obvious th a t there w ould be a circulating current o f som e 
105 am ps in the com m on neu tral and  th a t one so lu tion  w ould be 
the earth ing  dow n o f the feeder to  the transform er by a  neu tral 
earth ing  resistor.

T he operational experience quo ted  by M r. B olton was very 
interesting. The speaker though t it show ed th a t no  m atte r how  
m uch care  an d  consideration  w ent in to  a  large, sophisticated  
installation  such as QE2, the  fact th a t a  m arine system  was 
essentially a  “ one off” jo b  alm ost certainly in troduced problem s 
o f  m anufacturing  defects and  possibly som e degree o f m is
m atching. T he use o f  em ergency changeover arrangem ents to  
keep the alternato rs in service show ed th a t the hum an touch 
could still be the best “ fall back” facility, w hilst a  need to  fit 
over-voltage protection , despite the fact th a t theoretically  such 
pro tection  should  have been unnecessary, rem inded one th a t it 
was a  good precept to  say : “ I f  it can  happen , it will h appen .”

The con tam ination  o f the a lte rn a to r end  w indings indicated 
th a t care needed to  be taken  even in the design o f cooling air 
circuits. A  differential a ir pressure o f  2 in. w.g. appeared  to  
indicate th a t a ir passages were p robably  to o  restricted, w hilst the 
fact th a t d irt an d  oil m igrated in to  the casing, a t least indicated 
tha t this section o f th e  circuit was below th e  am bien t pressure. 
Perhaps the answ er, ap a rt from  ensuring  leak-free jo in ts , w ould 
be to  arrange fo r a  contro lled  inlet o f  dry filtered a ir  a t the po in t 
o f  low est pressure, an d  th is w ould  ensure positive pressure a t all 
o ther points after the fan. H is op in ion  w as th a t m any o f  the 
incidents related  were typical o f those expected in the shake-dow n 
period o f  such a  sophisticated  installa tion , and  one could 
hopefully assum e th a t the bugs were now  ou t o f the system.

M r. R. F . N ic h o l a s  said  th a t his jo b  involved designing 
electrical supply system s fo r the R oyal N avy. A bou t the tim e 
Q E2  was being designed his departm en t were in the process o f 
designing a  new  a ircraft carrier. A nd  it so  happened  th a t they 
cam e to  m uch the sam e so lu tion  (a 3-3 kV system ) for m uch the 
sam e reasons— the am oun t o f pow er w ould have been far too  
great fo r a  440 V system  in term s o f cu rren t and  breaking 
capacity.

T he a ircraft carrier w hich was axed in  a  defence review 
w ould have had  ab o u t the sam e m axim um  load  as Q E2  or 
possibly som ew hat m ore, bu t they were proposing to fit six 3 M W  
generators. Q E2  h ad  in fact fitted the abso lu te  m inim um  o f 
th ree sets. The R oyal N avy’s problem s w ere considerably 
different from  the m erchant service— they h ad  to cater fo r action 
dam age and  the usage o f the ship was very m uch different; 
therefore it was difficult to  d raw  a true  com parison. N evertheless, 
Mr. N icholas shared M r. G ray ’s doub ts w hether econom y in the 
initial installa tion  h a d  been carried  to  th e  ex ten t o f  possibly 
reducing reliability. In  his experience if generators had  to  be run 
in  parallel, the  very w orst arrangem ent was to  run  tw o. T here 
were several reasons fo r this. The m ost obvious o f course was 
really brought ou t in the paper by the sim ulated  failure w hich in 
effect threw  the w hole load  from  one generating set on to  the 
rem aining one. A  failure in prim e m over o r generator w ith only 
tw o sets was the w orst condition . H ad  there  been fou r 4 M W  
sets instead o f  three 5-5 M W  sets (w hich was n o t m uch different 
in to ta l capacity , in  fact slightly less) runn ing  th ree in  parallel, 
on  the m axim um  load  postu la ted  in the paper the loss o f one set 
w ould have left an overload o f 0-8 M W  on the rem aining two, 
w hich was alm ost insignificant, and  probab ly  no  load  shedding 
w ould have been required.

There were always p ro tection  problem s w ith generators 
running  in parallel, som e o f w hich were accen tuated  because the 
tw o sets were in fact m irro r im ages. If som ething w ent w rong 
w ith one, the sam e happened  in  the o ther. T here could  be 
governor o r prim e m over difficulties, an d  in  th is contex t if  one 
set partia lly  lost driving pow er fu rther load  w ould be th row n  on 
the o ther one. T his could  result if all w ent well in load  shedding 
(the quite considerable 3-3 M W  load  shedding in this case) o r if 
the load  shedding d id  no t w ork  as p lanned, b lackout m ight occur.

A  second difficult p roblem  was excitation  failure o r potential 
failure in one m achine. This was m ore difficult to  cope w ith 
because the net result was a  large circulating  cu rren t to  keep up
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the  voltage o f the defective m achine, and  if the only protection  
was overcurrent p ro tection  the generator breakers w ould n o t 
know  w hat to  m ake o f  it. The probability  was th a t they w ould 
bo th  trip  out.

F inally  there was the problem  o f in ternal faults in  the 
g enerato r o r in the cables connecting the generator to  the sw itch
board . M r. N icholas was n o t clear w hether o r no t unit protection  
was fitted, bu t he though t not. H ere again one could  have a 
p rob lem  in ensuring d iscrim ination between the supply breakers 
o f the healthy  m achine and  the faulty one.

In  conclusion, h ad  the au th o r any inform ation on  the 
num ber o f b lackouts o r heavy load  sheddings th a t had  occurred 
and  secondly, if he were starting  again, w ould he go to  four 
sm aller generating sets o r possibly fit som e m ore sophisticated 
p ro tec tion  arrangem ents?

M r. E. M. A dam s  said  th a t he found  it difficult to  accept 
th a t generators, sw itchgear and  large m otors could be smaller, 
lighter and  less costly to  purchase and  install for a 3-3 kV system 
com pared w ith a m edium  voltage system. H is ow n experience of 
pow er up to  1500 hp indicated that 3 -3 kV m achines and  contro l 
gear were b o th  heavier and  larger than  their equivalent on  a 
medium  voltage system. Furtherm ore, the 3-3 kV equipm ent had 
also been between 10 per cent and  25 per cent m ore expensive 
than  m edium  voltage equipm ent. O f course, one had  to  accept 
th a t the m ajor saving in a  3-3 kV installation  was in the cost o f 
copper, particularly  in the cabling and  busbars. H e accepted the 
au th o r’s sta tem ent th a t there was a very strong  technical reason 
for going for 3-3 kV on QE2.

The paper also sta ted  tha t under short-circuit fault conditions 
the prospective currents on a 3-3 kV system w ould be relatively 
sm all com pared w ith those obtained  in the m edium  voltage 
system  and  the poten tia l dam age a t the fault w ould be appreciably 
less. M r. A dam s agreed th a t the prospective currents w ould be 
appreciably  sm aller, bu t if the electrical energy were the sam e for 
the tw o system s, he w ould expect the potential dam age to  be 
the sam e.

He agreed w ith o ther speakers th a t a  frequency o f 60 Hz 
was as equally  acceptable these days as 50, and  th a t the higher 
pow er ou tpu ts expected for the higher frequencies did n o t always 
m aterialize due to  the division o f m oto r ou tpu ts to  fixed fram e 
sizes.

T he likelihood o f induced over-voltages being experienced 
due to  arcing earth  faults on an insulated system was very m uch 
d ictated  by the design and  extent o f the installation, w ith 
particu lar reference to  the capacitance o f the system. M r. A dam s 
believed th a t each individual sh ip’s installation should be 
exam ined to  establish  the extent o f danger from  induced over
voltages before an  insulated system, w ith its obvious advantages, 
was rejected. It should be also borne in m ind tha t a  false sense of 
security could  be developed w ith any o ther form  o f earth ing 
system, since over-voltages could also be experienced on  these 
systems.

O n the selection o f m edium  voltage o f 415 V there was an 
agreed standard  in the U K  and  it was referred to  as one reason 
for choosing it for QE2, but no t 240 V a t a frequency o f 60 Hz. 
Presum ably this w ould affect fluorescent lighting contro l gear; 
certainly U K  gear w ould not be standard  for such an installation.

The m erits o f an earthed  240 V system were am ply covered 
in the paper. O ne problem  how ever was to  ensure th a t switches 
were in  the correct line and  th a t all fittings were adequately 
earthed. The ghosting o f sw itched-off fluorescent fittings could 
be overcom e by double pole switching on an  insulated  system, 
possibly at som e slightly extra cost.

The paper clearly indicated the facility, illustrated  also in 
Fig. 1, for feed-back supply from  the 415 V emergency alternators 
on to  the 3-3 kV sw itchboard  in the case o f “ lighting up” 
conditions. He also noted  th a t the emergency a lternators were 
designed to  run  in parallel w ith the m ain  alternators. W as this 
parallel runn ing  condition  stable over the loading o f  the 
machines ?

H igh voltage switch-fuses were referred to  in the paper. 
M r. A dam s presum ed th is m eant “ fused con trac to rs” in his 
term inology.

In  QE2, transform ers w ere a ir insulated, follow ing con
ventional m arine practice. Tw o advantages should  no t be 
overlooked w hen com paring  them  w ith oil insulation— namely 
the reduction  in  w eight and  dim ensions— though  o f  course they 
were m ore costly th an  the ir oil insulated  coun terparts. T he 
m ethod  of installation  in to  individual special cells seem ed very 
attractive but it was likely th a t sh ipyard  costs w ould  offset any 
savings obtained  from  transform er m anufacturers.

M r. A dam s no ted  w ith som e alarm  th a t the sub-transient 
reactance o f the alternato rs w as o f the o rder o f 33 per cent 
greater than  the original design figure, an d  he was equally 
alarm ed to  discover recently th a t 2-5 M W  a lte rna to rs  fo r som e 
ships at present building had  an actual sub-transien t reactance o f  
som e forty per cent low er than  the design figure. He realized this 
m ight well cause difficulties depending on  the safety factors used, 
but these instances did indicate the necessity for extrem e care, so 
far as the design o f the installation  was concerned, with regard to 
prospective fault levels. They also highlighted the need for 
m anufacturers to  tighten  up the ir m anufacturing  tolerances— to  
cover the tw enty per cent to lerance they were allowed.

T he paper sta ted  th a t cooler tubes were m anufactured  from  
alum inium -brass— from  experience o f cooler failure perhaps they 
should consider the use o f cupro-nickel tubes. M r. Crick had also 
m entioned double welded tubes which Mr. A dam s though t a 
good idea.

Over-voltage p ro tection  was rarely  fitted in ships because 
over-voltage faults were ra re  b u t had  probab ly  becom e m ore 
apparen t w ith the use o f brushless a lternato rs and  field-forcing 
AVRs.

In  conclusion, the au th o r’s experience w ith the run-up 
system confirm ed M r. A dam s’s own view th a t the au to 
synchronizer was no t justified in view o f the greater degree o f 
com plexity involved which, in  itself, d id  no t give any  direct 
saving in m anpow er.

M r . H. D u  V. A sh c r o ft  said th a t the paper show ed th a t a 
project o f such com plexity as the Q E2 's electrical system s was 
no t ju s t a  collection o f details w hich could be designed in 
isolation. The w hole concept had  had  to  be built up in logical 
steps, and  any m ajo r change w ould have m eant starting  again 
from  scratch.

W hen confronted  w ith 3-3 kV  generation  the B oard  o f T rade 
did n o t th ink  there was really  any choice— the high voltage 
system w ould therefore have to be earthed . The choice involved 
was how  to e a r th ; and  the designers had  decided to  earth  th rough  
a  com paratively high earth ing resistor.

A  resistor to  pass the full load  cu rren t o f  one generator 
w ould be norm al, bu t in  this case the resistor passed only
23 per cent o f full load. This was quite acceptable as long as the 
earth  fault relays were sufficiently sensitive, bu t it d id  m ean tha t 
the sam e grade o f cable w ould have to  be used as for an  insulated 
system. Having put one earth ing  resistor in each a lte rn a to r in a 
position  where it w ould reduce the circulating current, it was no t 
clearly seen why special precautions were necessary to  cut down 
the th ird  harm onics.

In  choosing the m edium  voltage it was show n th a t had  440 V 
been adopted  the line-to-neutral voltage w ould  have been 254 
which is 4 V higher than the desired m axim um  o f 250. Mr. 
A shcroft w ondered why 440 V was accepted as the m arine 
standard  and  w hy so few ships were bu ilt for 415.

H e also thought tha t som etim es m arine engineers called for 
alternators w ith unnatu rally  low sub-transien t reactances and 
som ething like ten per cent seem ed to  be expected. In  this case 
a reactance o f 16-5 per cent was called fo r an d  th is was 
approaching the values expected from  sim ilar m achines on land. 
The British S tandard  tolerance on reactance was plus or m inus 
30 per c e n t; the builders specified plus o r m inus 20 per cent and 
the actual m achine finished up w ith plus 33 per cent giving a 
sub-transient o f 22 per cent. I t w ould  appear th a t M r. Bolton 
had  been sold sho rt w eight because the size o f an a lte rna to r was 
inversely p ropo rtional to  its sub-transien t reactance.

There was a  m ove in som e standard iz ing  circles to  calculate 
the system  fau lt capacity  to  the last m illi-am p, the form ulae 
being collected from  textbooks on advanced design. The wide
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range o f a lte rna to r reactances show n indicated  tha t, a t best, 
the  fault calculations could only be approxim ate.

M r. B olton did no t need to  spend sleepless n ights th ink ing  
ab o u t using 250 M V A  sw itchgear w hen 150 M V A  w ould have 
done. The speaker had  spent som e tim e in the design departm ent 
o f a  large steelw orks where they had  tw o rules on the selection o f 
sw itchgear. O ut in the w orks they m ight install circuit-breakers 
w hich were m arginally higher in ra ted  fault capacity  than  the 
system because there was always a back-up breaker in the pow er 
station . In the pow er s ta tio n  they always kep t a  very good 
m argin in hand. If  the design capacity  cam e ou t at 200 M VA 
they w ould no t th ink  o f using 250 M V A  gear bu t w ould go 
straight to 350. The second ru le  was th a t they w ould de-rate the 
fault capacity o f sw itchgear w ith age. N obody  w ould expect a 
breaker, a fter ten  years’ service, to  m eet the sam e short-circuit 
test conditions as when it was new.

M r. A shcroft was in the m ain  contro l room  o f QE2  when 
the over-voltage occurred , and  he had  w ondered w hether th a t 
fault and  the earlier fault on the exciter m ight have been 
diagnosed earlier if pow er factor m eters h ad  been fitted. V oltage 
build-up relays seem ed to  be essential to  self-excitation schemes 
using rectifiers, bu t they were dangerous devices if they d id  no t 
opera te  properly . W here a  sta tion  battery  was available it could 
be used to  in itia te  build-up, and  this basic excitation  w ould no t 
increase w ith rising voltage; if the relay stuck, the contro l 
c ircuit w ould be able to  cope. This incident did prove the w isdom  
o f  p roviding alternative m anual contro l w hich was n o t always 
included in sta tic  excitation  contro l systems. H e said  he was 
interested in the A V R  p ro tection  schem e w hich was sim ple and 
w orked, as well as the fact th a t a  reasonable average setting for 
the hand  field regu la to r could  be pre-determ ined. H e had  
installed m ore sophisticated  p roprie ta ry  A V R  protection  equ ip
m ent which was n o t reliable an d  had  had to  be taken  out o f 
service.

There did appear to  have been a  disconcerting num ber o f 
w inding failures. I t was now  th irty  years since he had  left the 
design o f electrical m achines and  in  the intervening years 
countless articles on new  and  im proved insulating  m aterials, 
im pregnating  varnishes and  im pregnating  procedures had  been 
w ritten but the num ber o f  insulation  failures on test o r on 
com m issioning seem ed to  be as high as ever.

M r . P. M u r r a y -R o bertso n , B.Sc., S .I.M ar.E ., said  th a t 
his com pany believed th a t one o f the m ain  item s for detailed 
consideration  w hen using a  high voltage system instead  o f  one of 
m edium  voltage was the trea tm en t o f the neu tral po in t.

M r. A shcroft h a d  referred  to  23 per cent line curren t passing 
th rough  the neu tral resistor. M r. M urray-R obertson  was under 
the im pression th a t it was greater on th e  QE2, b u t now adays 
in any case he w ould only propose say, ten  am ps, bo th  because 
there were pro tec tion  devices available and  because it was 
desirable to  m ake the cu rren t as sm all as possible to  reduce fire 
hazards. The reason fo r using a high resistance earth  on the 
system  (or using an  earth  a t all) w as to  reduce the over-voltages 
tha t could otherw ise occur. Som e investigations had  been carried 
ou t by an A m erican firm w ith a  three-w ire system ; they had  
discovered voltages in excess o f fou r and  a h a lf tim es, som e even 
in excess o f seven and  a  h a lf  tim es line voltage, and  the result 
was the failure o f a  large num ber o f m achines, a  situation  which 
was clearly quite in to lerable on a  ship.

The answ er was to  ea rth  the system , th rough  a  resisto r o f a 
value sufficient to  ju s t e lim inate over-voltage w ithout m aking 
fault currents excessive. It had  been calculated  th a t to  achieve 
this the resistance value should  equal the capacitive reactance, 
bu t this resistance value w ould  give fault curren ts o f  less than  
one am p, resulting in problem s w ith the selection o f  adequately  
sensitive earth  leakage p ro tection  devices. A  value o f  1 \  am ps 
was being used fo r a high voltage system a t p resent being built. 
M r. M urray -R obertson  said he w ould  be in terested  to  hear the 
au th o r’s com m ents on these m atters and  M r. B olton’s experience 
w ith the resistance earth ing  as it s tood  on  the system.

H is final p o in t on the resistor was th a t m ore than  one path  
to  earth  th rough  this resisto r was desirable, because in  the event

o f a failure in th is connexion the earth  circuit becam e open 
circuited  and  the system  unearthed.

The sim plicity o f the system  w hich h ad  been described in 
the paper was quite apparen t. H ow ever, it was unusual fo r a 
sea-going electrical engineer to  be confron ted  w ith high voltage, 
and  M r. M urray-R obertson  was in terested to  know  if the au th o r 
knew  o f any problem s w ith m anning, and  w hat criteria  were 
applied  when selecting personnel. The reduction  in cable sizes 
and  equipm ent was also o f  great interest and  bore ou t his own 
com pany’s experience. T he advantage o f electrical drives in place 
o f steam  turb ines fo r instance was also apparen t in the light o f 
reduced m aintenance and  the flexibility o f the system.

M r . A. H . Stobbs , M em ber o f  C ouncil I .M ar.E ., said  th a t 
due to  the m ethods o f earth ing  used on  QE2  he suspected th a t 
stray  currents w ould  be present in the hull to  a greater extent 
th an  in a conventional ship.

T he paper recorded th a t oil had  covered the a lte rna to r and 
windings. W ould  the au th o r agree th a t the design o f a lte rn a to r/ 
pedestal bearings needed som e research ? O ne po in t, fo r exam ple, 
which d id  need som e investigation was th a t the a lte rn a to r drive 
from  a tu rb ine created com pletely different v ibrations to  the 
electric m oto r drive used  during  shop testings; and  therefore 
m uch trouble  was inevitable due to  oil m igration  from  pedestal 
bearings.

Finally, could  the au th o r say w hether corrosion had  
occurred  elsewhere in the ship than  in the coolers?

M r . J. S. M o r to n  said th a t Fig. 7 show ed the discrim ination 
curves for the 3-3 kV system  on  QE2. T he three o u tpu ts  fo r the 
three m achines could be seen an d  also superim posed on  these 
curves were the settings fo r the a lte rn a to r and  bus-section 
circuit-breakers and  also the curves for the  various sw itch fuses 
th a t were used. T he largest size o f  fuse was 350 am ps, w hich 
was the top  curve; its chances o f blow ing w ere fairly rem ote—  
only possible w hen three m achines were connected. T he fault 
level was less than  originally p lanned  and  in  fact overload relay 
pro tec tion  had  to  be in troduced  as well as the fuse characteristic 
to  give d iscrim ination  w hen in the no rm al runn ing  cond ition  o f 
tw o machines.

Fig. 8 show ed the earth  fault characteristic curves. The 
do tted  lines were the settings for the various sw itch fuse circuits. 
T he inverse tim e curves were for the a lternato r, bus-section and  
also the back-up protection . It had  n o t been possible to  m ake the 
a lte rna to r p ro tec tion  settings very low— it w as in  the o rder o f  
abou t 40 o r 50 am ps. T he reason fo r this was th a t the earth  fault 
p ro tection  h ad n ’t to  operate  on the highest circulating  cu rren t 
from  the three m achines, so the m inim um  ea rth  fau lt cu rren t 
setting had  to  be set above this value. This m eant th a t there 
cou ldn’t be very sensitive earth  fau lt p ro tec tion  on  the alternato rs 
them selves, bu t th a t obviously this did n o t apply  to  the  feeder 
circuits. H ad  the au th o r h ad  any experience o f the earth  fault 
p ro tection  operating  on  any o f the 3-3 kV  circuits fo r which 
occurrence there was no  exp lana tion?

In  the ship, circuit breakers could  be pulled ou t in to  the 
fully w ithdraw n position  on racks and  rails, thu s avoiding 
dam age to  the linotiled  floor in fron t o f the sw itchgear o r the 
sw itchboard. A  po rtab le  lifting carriage, m anoeuvred on  steel 
floor plates, enabled  circuit b reakers to  be carried  from  one 
cubicle to  another.

M r . R. L. A mes said th a t he w ould  like to  know  if  any tests 
had  been done on Q E2  to  determ ine the effects o f inrush  currents 
w hen switching on the transform ers. He appreciated  tha t each 
transfo rm er was a fairly sm all item  for the high tension generator, 
bu t from  the low tension side it appeared  as if it m ight be a  large 
item  fo r one o f the sm all em ergency generators.

The au th o r h ad  m entioned th a t he h ad  asked for chorded  
w indings to  reduce the th ird  harm onic w ith parallel generators. 
As the m ain  generators were identical m achines, M r. A m es 
thought th a t the th ird  harm onic curren ts circulating  w ould be 
very sm all anyw ay, and  he was a  little b it surprised  th a t anyone 
w ould m ake generators this size w ithout a chorded  w inding. H e 
him self w ould no t care to  do  so.
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F ig . 7— D iscrim ination  curves fo r  the 3-3 k V  system  on QE2

In view o f tests having been undertaken, w hat insulation 
levels to  ea rth  and  in tertu rn  were decided o n ?  H e appreciated 
th a t L loyds had  a  different approach  to  industrial land-based 
voltage requirem ents inasm uch as they differentiate between an  
earthed  and  unearthed  neutrals, but M r. A m es w ould like to  
know  w hat so rt o f in tertu rn  and  earth  voltage had  been agreed, 
particu larly  as som e tests h ad  been done. These appeared  to  be 
a t a  very low value, because if he were searching for a  possible 
w eakness in in tertu rn  insulation he w ould be very surprised if it

failed a t twice voltage; he w ould expect som ething m ore like 
ten tim es nom inal volts. But it m ight no t have been possible to  
test the in tertu rn  voltage as m any as ten  tim es; was this so, and 
why had a  test at twice voltage been thought satisfactory? W ere 
any tests done on the ship to  determ ine the o rder o f surge voltage 
ob ta ined?  It was too  m uch to  ask  w hether any m onito ring  was 
done during the short circuit fau lts; th a t w ould have been ideal.

M r. Ames could n o t find, in the paper, any m ention of 
w hether the generator term inal boxes were vented or not. A lso,
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F ig . 8— The earth fa u lt characteristic curves
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was any earth  cu rren t noticed o r expected w hen any o f the large 
m achines o r transform ers were sw itched ?

M r . R. E. P rager felt th a t as a  m achine designer he had  
com e under a  certain  am oun t o f criticism , particularly  in  re la tion  
to  the reactances o f  the m achine. W hen designing a  m achine, 
particularly  for m arine applications, he was frequently  faced 
w ith conflicting requirem ents fo r the m achine reactance. In  
o rder to  m inim ize the voltage dip the transien t reactances h ad  to  
be kept as low as possible. O n the o ther h an d  the sub-transient 
reactance had  to  be kep t as h igh as possible in  o rder to  lim it the 
fault level. I t was im portan t, therefore, th a t very early  in  the 
design stage, acceptable values o f  reactance were agreed between 
the custom er, his interm ediaries and  the m anufacturers. This 
unfortunately  d id  n o t always happen. In  th is particu lar case the 
sub-transient reactance was specified to  the designer as being no t 
less than  16} per cent. T he guaranteed tolerance on the reactance 
was agreed w ould  be plus or m inus 15 per cent and  no t plus or 
m inus 20 per cent, and  this o f  course was considerably closer than  
the to lerance o f  plus o r m inus 30 per cent w hich is sta ted  in 
BS 2949. T he m achine, therefore, was designed to  have a 
reactance o f 19} per cent, plus o r m inus 15 per cent w hich gave a 
m inim um  o f 16} per cent and  a m axim um  o f 22-4 per cent. The 
test reactance was 22 per cent, w ith in  the to lerance o f plus or 
m inus 15 per cent. H e though t th a t the suggestion th a t M r. B olton 
o r  his com pany were sold sho rt by the m anufacturers was 
perhaps a little unfair. T he transien t reactance was quo ted  as 
being 30 per cent, again  w ith a  tolerance o f plus o r m inus
15 per cent, and  th a t o n  test w as found  to  be 33 per cent, w hich 
again  was well w ith in  the to lerance guaranteed.

As the au th o r h a d  po in ted  ou t in  his paper, the voltage 
dips ob tained  w ere acceptable and  in fact w ith in  lim its. The 
m atter o f w inding chord ing  had  been raised  by a  few o f the 
speakers. The m achine was n o t chorded  fo r 66f w hich w ould in 
fact have given a  m inim um  th ird  harm onic. They were designed 
perfectly norm ally  w ith  a  com bination  o f chording and  pole 
shaping to  m inim ize th e  th ird  harm onic. T he problem  o f 
circulating  harm onics w as n o t particu larly  great bu t it was felt 
desirable to  keep it to  a  m inim um . The th ird  harm onic was in 
fact ab o u t 2 f  per cent.

L ooking  a t Fig. 2 M r. P rager recognised the term inal box 
as a  phase separated  fault con tain ing  box, and  no t as stated , a 
phase segregated box.

A ir leakage was a  particu larly  difficult problem  for m an u 
facturers. This m achine was a  to tally  enclosed C A C W  m achine 
and  as such to  BS specifications, was n o t an  air-tigh t m achine. 
If  an air-tight m achine was necessary, this had  to  be specified. 
A n air-tight m achine w ould  necessarily be very m uch m ore 
expensive. In  fact there were probably  o ther ways o f gaining the 
sm all additional advantage th a t could  be ob tained  by having an  
a ir-tight machine. A  C A C W  m achine could  be pressurized. 
A lternatively, a ir could  be ducted  in to  the m achine, allowing 
leakage th rough  the m inor openings w hich had  to  exist, so that 
the flow o f a ir was from  the m achine to  the am bien t and  no t in 
the o ther direction.

M r . J. A. W ilson said  th a t he knew  o f  a  large 3 -3 kV tanker 
w hich h ad  been in  service fo r five years in w hich the neu tral 
was earthed  th rough  resistors capable o f carry ing the full load  
generator cu rren t because it w as though t a t th a t tim e th a t this 
was the only way to  guaran tee the earth  fault p ro tec tion ; but he 
w ould suggest th a t M r. M urray -R obertson ’s m ethod  o f  earth ing  
a  neu tral th rough  a relatively sm all resistance was the righ t one 
today. H e certainly w ould  n o t be happy  w ith the unearthed  
neutral w hich o ther speakers h ad  suggested.

A t the tim e th e  tanker was designed, a  survey o f British 
and  A m erican op in ion  was undertaken  on  th e  question  o f  over
voltages generated in  unearthed  neu tral systems, and  there was 
enough evidence and  experience to  cause concern.

O n the subject o f th e  m ain supply system, M r. W ilson said 
th a t m any users w ould  still have a preference fo r a  split system, 
and  it was o f interest to  no te  th a t had  QE2 had  tw o separate 
system s o f generation , m ore generators w ould have been required,

w hich w ould  have roughly halved the prospective short-circu it 
curren t, possibly bringing it dow n to  the po in t w here 440 V 
system s could  be considered.

H e w ould expect a high pow er fac to r fo r Q E2  because o f 
the na tu re  o f the load, bu t he w ondered if any special a tten tion  
was paid  to  the m oto rs in th is respect. H e was o f the opin ion  
th a t the level o f voltage dip m entioned was to lerable, and  even 
higher dips had  occurred  in  som e liners w ithout anyone apparen tly  
noticing them .

So fa r as he knew  there h ad  been very little  troub le  w ith  the 
tankers he h ad  m entioned  earlie r a fter five years’ service—  
certain ly  n o  failure w hich could  be a ttrib u ted  to  the system 
voltage h ad  occurred. A lthough  m ost equ ipm ent installed was 
a lm ost standard , p ro tec tion  relays, etc., w ere selected from  
equipm ent w hich was likely to  give good  service in m arine 
conditions, an d  he understood  they h ad  done so over the period  
o f  service, despite a  relatively high level o f  v ib ra tion  on certain 
parts  o f  the ship.

I t was becom ing m ore  p o p u la r these days fo r design 
o rganizations to  do  a  separate  analysis o f  possible faults to  avoid  
the som etim es d ram atic  tra in  o f  events follow ing a failure. A t 
the sam e tim e there had  been an  upsurge in a tten tion  to  quality  
contro l w hich cou ld  also help to  e lim inate the possibility  o f 
failures.

M r . J. R attenbury said it was w orth  rem em bering tha t at 
the tim e w hen there w as an  over-voltage fault on  one m achine 
tw o generators w ere operating  in  parallel. T he fact th a t there 
were tw o generators operating  in  parallel resulted in a  large 
circulating curren t, w hich m eant th a t the high genera to r voltage 
was n o t quite as high as it w ould otherw ise have been. A ccording 
to  M r. B o lton ’s paper, the first circu it-b reaker to  open  was the 
sta rb o ard  bus coupler breaker. T his m eant tha t the circulating  
curren t lo ad  was lost before the generato r circuit-b reaker tripped. 
This w ould  have produced  a  h igher over-voltage th an  necessary 
on  the s ta rb o a rd  side o f  th e  ship.

C oncerning the m ean  tim e between failure figures, these 
tables always tended  to  be very pessim istic. O ne reason fo r this 
w as th a t m anufacturers o f  com ponents were constan tly  im proving 
the ir devices and  ob tain ing  better figures. As M T B F tables took  
a long tim e to  com pile they were alw ays ou t o f date, and  
up-to -date  figures were alw ays better.

In  ad d ition  som e o f the failures w hich were recorded and  
coun ted  in the M T B F figures were due to  the com ponents going 
outside o f the various tolerances the m anufacturers placed on 
the ir devices. These so rt o f  failures d id  no t necessarily produce 
any harm ful effect on the opera tion  o f  the equipm ent and  so far 
as the equ ipm ent w as concerned they could  be ignored.

M r . R . W . T. Coleman spoke ab o u t the difficulties o f 
satisfying a  purchaser in  supplying a ir coolers. The problem s 
invariably arose over th e  choice o f  m aterials, and  the better the 
cooler the m ore expensive it tended to  be.

T here were generally th ree ways in  w hich a  decision abou t 
m aterials to  be used w as arrived a t:  first, the  m aterials were 
specified by the custom er; secondly, the w ater to  be used was 
sta ted  an d  the analysis given; an d  finally, the decision was left 
to  the m anufacturer. W hich in the au th o r’s opin ion was the m ost 
desirable o f  these three courses ?

M r. C olem an pointed ou t w hat he thought was a  slight 
inaccuracy in the paper. A lum inium -brass tubes w ere in fact 
specified for the particu lar coolers m entioned in the paper. A nd 
the a lte rna to r d id  no t itself suffer leakage— there was a leakage 
on the condenser, and  an exam ination  o f the a lte rn a to r revealed 
erosion o f the tube  ferrules w hich were changed to  alum inium - 
bronze. I t  had  been sta ted  th a t it was though t p itting  was due to  
con tam ination , because considerable am ounts o f  estuary w ater 
had  been used in these coolers.

M r. C olem an felt th a t double coolers resulted in an  expensive 
and  bulky cooler and  th a t the m oney w ould  be better pu t to  use, 
by using higher grade m aterials such as the M inistry  o f D efence 
specify, i.e. cupro-nickel, a lum inium -bronze, etc. T his w ould 
give a  better resu ltan t unit.
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Author’s Reply
M r. B olton thanked  the m em bers p resent fo r supporting  

the read ing  of th e  paper, and  the speakers fo r their m ost 
u sefu l con tribu tions. In his reply, he w ould deal w ith the 
questions by subject w orking from  the generators outw ards.

T h e  sm all num ber o f m ain  generators h ad  obviously 
w orried  several people  b u t the decision to  fit only  th ree  had 
no t been taken  lightly. I t  had  been m ade  against a back
g ro u n d  o f m an y  years’ experience o f tu rbo -genera to r o p e ra 
tion in large passenger ships and  in accordance  w ith the basic 
princip le  th a t th e  ship had  been bu ilt to  carry  passengers at 
a  profit.

T h is had  m ean t m aking m axim um  space available fo r 
accom m odation  and  reducing hardw are  to  a m inim um  co n 
sistent w ith reliability . T he au th o r agreed th a t w ith tw o units 
defective, all services could  no longer be supplied, but, 
nevertheless, th ere  w as still adequate  pow er, especially w ith 
th e  assistance o f  the D iesel generators, to  get the passengers 
hom e in  safety  an d  in reasonab le  com fort.

M r. B olton seconded M r. N icholas’ po in t ab o u t two 
g enera to rs  in  paralle l being the w orst com bination , bu t as 
it could  occur in m ost ships no m atte r how  m any m achines 
w ere fitted, the consequences still had  to  be considered and 
ap p ro p ria te  p ro tec tion  fitted.

M r. C rick  h ad  asked abou t a split bus m edium  voltage 
system . T h is h ad  no t been considered seriously because:

1) la rger m o to rs  w ere too  big fo r m edium  voltage;
2) tw o separa te  system s w ere m ore com plex and  w ould 

requ ire  surveillance separately;
3) sw itchgear w ould  be at its largest and  m ost expensive;
4) a t least six genera to rs required;
5) ex tra  space requ irem ents too  great;
6) la rger staff needed.

A com bined  H V /M V  system  em ploying th ree  generators at 
H V  an d  tw o a t M V  had  a t one stage been considered. T his 
had  the advantages o f flexibility and  the need for a  m inim um  
num ber o f pow er transfo rm ers, bu t it was m ore  com plex and 
costly  th an  the  system  finally adopted .

Pow er equipm ent costs and  sizes had  been questioned  by 
M r. A dam s and  M r. B olton com m ented  th a t his conclusions 
h ad  been co rrec t fo r th e  sm aller ra tings o f m achines, but 
taken  overall, includ ing  cabling, the statem ents in the paper 
w ere co rrec t fo r the p lan t as a  w hole. As fa r  as sw itchgear 
was concerned , the m atte r w as never in doub t, and  the decid
ing fac to r here  had  been the adoption  of the high voltage 
sw itch-fuse. T he  la tte r incidentally , em ployed a sw itch o f the 
finger and cluster pa tte rn  and  was no t a con tac to r.

A lte rn a to r design had  received a tten tion  from  several 
speakers and  there  had  been sufficient difference of opinion 
upon  such m atters as chord ing  to  m ake any fu r th e r co m 
m ent by the au th o r superfluous.

R egard ing  a lte rn a to r sub transien t reactance, M r. P rag e r’s 
co rrec tion  to  th e  to lerance  figure quo ted  in the paper was 
confirm ed as co rrec t. E specially  since the earlier figure led to 
som e ra th e r critical rem arks in the discussion, an apology 
fo r this e rro r was offered by the au thor.

M r. B olton  did, how ever, take M r. P rager to  task about 
th e  m achine enclosure. T he  m ain  a lternato rs w ere specified 
as C A C W  for tw o well know n and  w idely accepted reasons, 
nam ely , to  avoid the libera tion  o f excessive hea t in to  the 
m achinery  space and  to  avoid the need fo r frequen t cleaning. 
W ith  m ost m achines of this type, m ig ra tion  o f bearing oil into 
the m achine w as prevented  by carefu l design, and  em ergency 
cooling doors, rem ovable  casings, etc., w ere fitted  w ith 
effective sealing arrangm ents.

M r. C olem an had  said  th a t alum in ium -brass coolers w ere 
specified and  th a t the a lte rn a to r itself did n o t suffer leakage. 
T he au th o r agreed w ith the fo rm er sta tem ent, b u t no t the 
latter; th e  leakages had  occurred  as described in  the paper 
and they w ere in add ition  to  the condenser leakages.

In  reply  to  M r. A m es’ a lte rn a to r question , the term inal

boxes w ere no t ven ted  bu t w ere o f th e  fau lt co n ta in m en t type. 
E a rth  cu rren t swings o f sm all m ag n itu d e  h a d  occurred  
m om entarily  during synchronizing.

M r. A dam s asked ab o u t p ara lle l ru nn ing  o f  th e  m ain  
w ith the em ergency a lte rna to rs. T h e  answ er to  this w as th a t 
th e  governor and  th e  A V R  characteristics h a d  been selected 
so th a t stab le  runn ing  w as o b ta ined  a t m o d e ra te  em ergency 
a lte rn a to r pow ers, w hich w as all th a t w as requ ired .

T he  A V R  over-voltage tro u b le  h ad  genera ted  w ide in 
terest and  M r. G ray  had  suggested th a t th e re  cou ld  be a case 
fo r tw o A V R s per m achine. In  effect, an  equivalen t facility  
was prov ided , because there  w ere fo u r A V R s fo r w hichever 
p a ir o f a lte rnato rs it w as decided to  run . D uring  changeover 
o f m achines, the h an d  con tro l cou ld  be used, un til the 
changeover links specially fitted  fo r th e  purpose  could  be 
changed over. I t w ould, in  fac t, be no  hard sh ip  fo r th e  ship 
to  be b rough t hom e w ith only  one A V R  opera tional, ad ju s t
m ents to  th e  excita tion  o f th e  hand  con tro lled  m achine being 
m ade  from  tim e to  tim e by th e  w atchkeeper.

In  reply  to  M r. A shcro ft, it w as dou b tfu l if the p rov i
sion of pow er fac to r m eters w ould  have ensured  early  d iag 
nosis o f the A V R  failu res, as th e  com ponen t responsible 
w ould have changed  to the  fa ilu re  s ta te  p rac tica lly  in s tan 
taneously. F o r  exciter fau lts, de tec tion  w ould  in  m an y  cases 
be m ade by ro u tin e  exam ination  o f  th e  exciter field am m eters 
and  voltm eters.

M r. G ra y  h ad  asked ab o u t pow er equ ipm en t fa ilu re  due 
to  induced overvoltage transien ts and  he m en tioned  T h e  Steel 
C om pany  of W ales. I t was, in fac t, T he  Steel C om pany  of 
W ales w hich had  given valuab le  advice to  the au th o r, based 
upon  the know ledge of insu lation  failu res o f several large 
m achines sim ultaneously .

R eferring  to o ther p ro tec tion  problem s, the au th o r 
thanked  M r. M orton  fo r his con tribu tion . T he  350 am p high 
voltage fuses had , o f course, been specified befo re  th e  a lte rn a 
to r test results w ere know n. T he  prospective cu rren ts w ould 
have been m uch g reater if th e  a lte rn a to r reac tance  h ad  tu rned  
ou t to  be a t the low er design to lerance  lim it. In  answ er to 
M r. M o rto n ’s question , the au th o r could  n o t recall any 
spurious ea rth  fau lt p ro tection  tripp ing .

M r. N icholas h ad  re fe rred  to  the danger o f bo th  
m achines being tripped  if one lost its excitation . F ield  fa ilu re  
protection  was fitted to  cope w ith this, and  this was indicated , 
as was biased d ifferential p ro tec tion , in  Fig. 4 o f the paper. 
D iscrim inative overcu rren t p ro tec tion  was fitted  to th e  bus- 
section c ircu it-b reakers betw een pairs o f a lte rn a to rs  and  this 
w ould also g uard  against the tripp ing  o f bo th  m achines in  
the event o f heavy  cu rren t swings due to  excita tion  troub le .

U pon po ten tia l dam age a t the seat o f a fau lt, M r. A dam s 
had  said  th a t he w ould expect it to  be th e  sam e fo r an H V  
system  as fo r an M V  system . T he  au th o r agreed  th a t this 
could be co rrect as fa r  as electrical pow er release w as co n 
cerned, bu t he differed w ith M r. A dam s in  respect o f e lec tro 
m echanical forces. T hese varied  as th e  square o f the fau lt 
cu rren t and  so w ere po ten tia lly  m uch g reater in  a m edium  
voltage system.

In  reply  to  M r. M u rray -R obertson  w ho had  w ished to  
know  how  the earth ing  resistor values h ad  been derived, M r. 
B olton said th a t re liab ility  achieved th rough  the use o f tried  
and  tested robust protective gear, plus m in im ization  o f tr a n 
sient overvoltages had  been the m ain  crite ria . H e had  not, to  
date , received any  adverse repo rts  ab o u t the system .

M r. A m es h ad  enquired  ab o u t the high voltage tran s
form ers and  th e  tests applied. T he  au th o r said th a t as fa r 
as m agnetizing in rush  cu rren ts w ere concerned , th e  only tests 
carried  ou t on b o a rd  had  been o p e ra tiona l and  no readings 
had been taken. T he  peaks w ould  no t be expected to  last fo r 
m ore  than  a few cycles and  on the m edium  voltage side they  
w ould  be a ttenua ted  considerab ly  by the long cable runs 
betw een the tran sfo rm ers and  the em ergency generators. T he
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in te rtu rn  and  high voltage tests agreed fo r the tran sfo rm ers 
w hen new  and  a fte r repa ir w ere generally  in  accordance  w ith 
British S tan d ard  R ecom m endations and  w ere as fo llow :

W hen  A fte r  
new  repair

H V  to LV  and  E fo r 60 seconds 16 0 kV 8 0 kV
L V  to  H V  and  E  fo r 60 seconds 2-5 kV  2-5 kV
Induced  voltage a t F L  tem p era tu re  tw ice n o rm al at

200 H z

M r. A m es h ad  suggested th a t the induced  voltage test fo r 
the in te rtu rn  insu la tion  should  be a t ten  tim es nom inal volts, 
bu t this conflicted w ith  BS 3399 w hich said  th a t induced  and  
high voltage tests on  a repa ired  tran sfo rm er should  be a t 
75 per cen t o f the o rig inal test voltage. I t w ould  certa in ly  
seem un fa ir, said  M r. B olton , to sub ject the high voltage 
w inding to  an induced  voltage of ten tim es no rm al and  i t  was 
doub tfu l if m any  tran sfo rm er m an u fac tu re rs  w ould agree to 
it.

In  answ er to  M r. A dam s on tran sfo rm er costs, M r. 
B olton considered  the cost advan tage  lay w ith the air insulated 
units. O il-filled tran sfo rm ers  w ould  have requ ired  high voltage 
an d  low  voltage term inal boxes p lus costly and  space co n 
sum ing purpose-m ade oil ca tchm en t facilities to ca te r fo r 
tran sfo rm er leakage. T he  m ethod  of installa tion  in cells was 
in fac t cheaper, because, in  m ach inery  spaces, tran sfo rm er 
room s w ould  have been requ ired  anyw ay and  in accom m oda
tion sw itchboard  room s th e  cells sim ply consisted of 
expanded  m eta l barriers.

Several co n tribu to rs  had  been in terested  in  the reasons 
for choosing a  frequency  of 60 H z  an d  a voltage o f 415/240 . 
M r. B olton said  th a t th e  question  o f spares, as ra ised  by 
M r. G ray , had  received p a rticu la r a tten tion , because it was 
hoped th a t th e  ship w ould  rem ain  in  service as long as her 
predecessors. F o r th is reason  a spare  m o to r o f every size had  
been o rdered  fo r im p o rtan t services and  m ost o f them  w ere 
cocooned o n b o ard  read y  fo r im m ediate  service. T his w as n o t 
as expensive as it sounded  because, w ith very few  exceptions, 
all m achines w ere from  the sam e m an u fac tu re r, w ho had  
co-opera ted  very p a tien tly  in reducing the nu m b er o f m achine 
sizes to  a m inim um .

M essrs. C rick  and  A dam s had re fe rred  to  the point of 
standard iza tion  up o n  off-the-shelf lighting con tro l gear. T his 
was very valid  and  it h a d  been one o f the reasons fo r choos
ing 240 V 60 H z since it allow ed th e  use o f re-labelled  s tan 
dard  200 /220  V  50 H z  equipm ent, w hich was expected to  be 
available in E u ro p e  fo r m any  years to  com e.

R eference had  been m ade  by M r. A dam s to  one solu tion  
to fluorescent tube  ghosting— th a t o f using doub le  pole 
switches. In  stra ig h tfo rw ard  installa tions this did p rov ide an

answ er, bu t no t in Q E 2 w here tw o-w ay and  in term ed ia te  
sw itching w as requ ired  in  m ost o f the passenger cabins. 
D ouble pole sw itches m eeting  this need sim ply did no t exist.

F o r  the th ree-phase, fou r-w ire  system , M r. C rick  had  
enquired  ab o u t the p aram eters used in deciding the num ber 
o f 13 am p fused outlets. T h e  basic one was th a t o f safety, 
and  it had  been a rranged  th a t all o f the 13 am p sockets in 
each cabin , norm ally  n o t m ore  th an  four, should  be supplied 
via a 13 am p fused spur unit, th e  fuse o f w hich, au tom atically  
kep t earth  fau lt and  short-c ircu it cu rren ts  to a low fire risk 
value. T he  U .S. socket circuits h ad  been pro tected  in a sim ilar 
m anner. T hus, a fau lt in one cab in  w ould  no t affect ano ther 
and  fu rth e rm o re  it w ou ld  be very easy to  locate  and re-fuse 
after repair.

M r. C rick h ad  also asked ab o u t the supplies to  essential 
circuits on the bridge. T hese w ere exceptional and  w ere o b 
tained  from  separa te  tran sfo rm ers  w ith u n earthed  neu tra l in 
one of the sw itchboard  room s.

In regard  to  stray  cu rren ts, w hich could perhaps be 
present due to  the m ethods o f earth ing  used, M r. B olton 
replied  to M r. S tobbs th a t there  had  been no evidence of c o r
rosion troubles. O n the co n tra ry , w ith  the earthed  neu tral 
system s em ployed, all cu rren ts o f any consequence w ould  be 
in te rru p ted  a t an  early  stage by p ro tective gear o r fuses.

M essrs. V ictory, G ray  and  M urray -R obertson  h ad  show n 
interest in m ain tenance  staff and  safety . T h e  au th o r still re 
m ained  unconv inced  ab o u t th e  p rac tica l app lica tion  o f a 
"perm it-to -w ork” system  on b oard  a ship o f this type. M r. 
V ic to ry ’s rem arks ab o u t being killed nicely an d  cleanly at 
415 V w ere abso lu te ly  righ t, b u t they  w ere also  applicab le  
a t 240 V and  the  m ind  boggled a t the inspection  tim e and  
paper w ork w hich w ould  be involved in the dozens o f sm all 
electrical jobs tack led  every day  by the electrical staff. I t did 
no t seem a practical proposition .

A nsw ering M r. V ic to ry ’s p o in t ab o u t high voltage cable 
m ain tenance, the au th o r said th a t no  cab le  surface resistance 
tests had as yet been carried  ou t. T h ere  should  be no extensive 
need fo r these, as m ost such cables w ere p ro tec ted  from  d irt 
and situated  in areas w hich w ould  no t be pain ted .

A s fo r m ain tenance  of high vo ltage  sw itchgear (M r. 
G ra y ’s poin t) arrangem ents had  in itially  been m ade fo r a  co m 
plete annual inspection and  overhau l including secondary  in 
jection  tests, by th e  m akers. I t  seem ed likely th a t this w ould  
continue.

M r. G ray  h ad  also asked ab o u t noise pick-up from  the 
pow er system  in to  th e  con tro l, signal and  com m unication  
circuits. M r. B olton rep lied  th a t carefu l screening and  e a rth 
ing, w ith suppression local to  the rad io  receiving room , had  
dealt w ith m ost o f it. D uring  trials, ex tra  a tten tion  had  had  
to  be paid  to  the thy risto r con tro lled  fluorescent light d im 
ming.
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Polyphase Shaft Generator w ith  Line-commutated Invertor

A n accoun t is given o f th e  operating  principles o f Siem ens 
shaft-genera to r system s inco rpo ra ting  an  a .c ./d .c ./a .c . static 
conversion  schem e. I t is show n th a t reac tive  pow er m ust be 
fed  to  the inverto r; it  is d raw n  from  the sh ip ’s generators 
w hen declu tched  from  their engines and  running as syn
ch ronous idlers, o r from  a  special m achine. T h e  arrangem ents 
for m ain ta in ing  constan t voltage and  frequency a re  noted.

A  sho rt descrip tion  is given o f th e  1250 kW  p lan ts o f this 
k ind  installed  in  th e  refrigera ted  ships o f the Polar E cuador 
class. E x tensive tes t d a ta  an d  experience have been acquired 
w ith  these  p lan ts, from  a p ro to type  assem bled in  the  w orks 
and  fro m  th e  ships a t  sea. T h e  m ost significant results are 
illu stra ted  by typ ical oscillogram s w ith exp lana to ry  text; 
these re la te  to  th e  behav iour o f the system  as affected by 
load  surges, rap id ly  changing re v /m in  and  short-circuits 
(w hich w ere system atically  studied on th e  prototype). T he 
n o rm al voltage w aveform  ob ta ined  from  th e  inverter (with 
characteristic  com m utation  dips), and  m easurem ents (a t the 
inverter o u tpu t) o f rad io -frequency  in terfe rence potentials, 
a re  also show n. In  all these respects, the system  appears to be 
sa tisfactory . I t is no ted  th a t, in the Polar E cuador, shaft- 
genera to r opera tion  w as carried  on during  a  F o rce  10 gale.—  
M einhard t, W N e u b a u t e n  (N ew  Ships), January 1970, V o l. 
15, pp. 6-9; Journal o f  A bstracts, The British Sh ip  Research  
A ssocia tion , M a y  1970, V o l. 25, A bstract no . 29 351.

Latest French Research Ship

T he Triton  represents a new concept in the oceanological 
field by com bining exp lo ra tion  and  research  w ith deep diving 
and  subm arine  rescue.

She is no t large, being only 243 ft long and  draw ing 12 ft. 
She displaces 1490 tons and  carries a crew  of fo u r officers and 
44 m en plus five officer-divers and  12 ra ting  divers.

H er propulsion  consists o f tw o V oith  Schneider cycloidal 
p ropulsion  units, one m oun ted  a ft and  the o th e r righ t fo r
w ard . T h e  a fte r one is driven by tw o 660 kW  D iesel engines 
and  the fo rw ard  one  by tw o 400 kW  electric m otors. H er 
m axim um  speed is 13 kno ts and  she h as a  ran g e  o f 4000 n 
miles.

She is fitted  fo r dynam ic positioning w hich functions 
by low ering a  sinker on a w ire on to  the  bo ttom  and  then 
m easuring the angle w hich the w ire subtends to  the vertical. 
W hen the angle is zero the ship is directly  over th e  sinker.

T o  opera te  th e  positioning m echanism  there  is a joystick 
on  th e  bridge and  all th e  o p e ra to r has to  do is to  look in to  
a display, ra th e r like a ra d a r  P P I, w hich shows the position 
of the sinker a t its centre, w ith a sm all c ircu lar m ark er show 
ing th e  position  o f the ship. By operating  the joystick, and 
thus the p ropulsion  units, the  o p e ra to r can  m ove the ship 
fo rw ards or sideways until the ship m arker coincides w ith the 
sinker m arker. A lternatively  the w hole system  can be com 
p u te r contro lled .

F o r deep diving w ork Triton  carries a subm ersible diving 
cham ber (SD C) capab le  of hold ing th ree m en and  fitted w ith 
th e  no rm al fo rm  o f diver lock-out.— H ydrospace, A pril 1971, 
V ol. 4, p . 50.

Electrical Transmission Systems for Arctic Tankers

T he 1968 discovery of oil on  the n o rth  slope o f A laska, 
P rudhoe Bay area , brings th e  problem  o f  how  to  get this 
estim ated 40 billion barrels o f oil to  the foreign and  dom estic 
m arkets.

O ne of several possible w ays is the  use o f ice-breaking 
tankers to  sail d irect from  the  n o rth  slope th rough  the arctic

ice to  these E ast C oast m arkets. L ast su m m er’s h is to ric  voyage 
of th e  120 000 dw t tan k e r M anha ttan  th rough  th e  N orthw est 
Passage to  P ru d h o e  Bay has p roved  the  feasib ility  o f such a 
task.

Schem atic  o f  a.c. rectified d.c. system  w ith triple-arm ature  
m otors fe d  through rectifiers fro m  a co m m o n  a.c. bus line

A  propulsion  p lan t fo r this app lica tion  m u s t have charac
teristics n o t no rm ally  requ ired  fo r la rge  cargo  ships and 
tankers.

F o u r different electric transm ission  system s w ere con
sidered fo r th is app lication . T hese transm ission  system s a re :

1) a.c.— rectified d.c.;
2) a.c.— variab le  frequency;
3) a.c.— cycloconverter;
4) d.c.— acyclic.

A .c .— rectified d.c.
T his system  com prises one  or m ore  high-speed a lte rn a to r 

sets, a  silicon rectifier, an d  a  d.c. m o to r, directly  connected  to  
the p ropeller shaft. T h e  vo ltage  supplied  to  th e  d.c. m o to r 
m ust be com patib le  w ith good  m ach ine  design and  ranges 
from  500 fo r the low er horsepow er ra tings to  1200 V a t the 
h ighest horsepow ers. H ow ever, p resen t ABS ru les lim it the 
d.c. voltage to  earth  to  1000 V . T h e  a.c. genera to rs, depending 
upon  size, can  supply pow er d irectly  to  the  silicon rectifiers, 
o r th e  a.c. vo ltage can  be tran sfo rm ed  dow n to the correct 
level fo r the d.c. m achine. T ran sfo rm ers  are  usually  requ ired  
fo r  p lan ts w here th e  ra tin g  per g enera to r is above 10 000 hp. 
T he  rectifier can  be either six-phase o r 12-phase. T he  12-phase 
is p referred  fo r la rger m o to r ra tings, because o f th e  low er
d.c. ripple.

I t  w as decided th a t a t this tim e only  th e  a.c.-rectified d.c. 
and  the  variab le  frequency  a.c. system s w ould  be proposed 
fo r th is application . T h is w as n o t because o f any shortcom ing 
in th e  theoretical p e rfo rm ance  o f th e  acyclic o r  cycloconverter, 
bu t because o f th e  developm ental n a tu re  o f these p lan ts, in 
th e  field o f ship propulsion .

T h e  system  illu stra ted  in th e  d iag ram  is a tw in -shaft gas 
or steam  tu rb in e  p lan t ra ted  36 000 h p  per sh a ft in  open  w ater 
(80°F  w ater) and  40 000 hp  per sh a ft fo r ice opera tion  (40°F  
w ater). E ach  p ropeller is driven by a 40 000 hp , d irect con 
nected, trip le  a rm a tu re  d.c. m o to r. C u rren t is supplied  by 
a lte rn a to rs  and  converted  to  d.c. by transfo rm er-rec tifie r units. 
E ach  transfo rm er-rec tifie r un it supplies pow er to  one d.c. 
m o to r a rm a tu re . T h e  tw o sh a ft system s a re  in terconnected  so 
th a t one pow er source can  be used  to  supply pow er to  both 
shafts, and  sw itchgear is prov ided  so th a t any  transfo rm er- 
rectifier un it can be rem oved  o r added  to  th e  system  w ithout 
reducing pow er.
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T h e  transform er-rectifier units and  d.c. m o to r arm atu res 
a re  connected  in series so th a t the m ost desirab le  speed- 
to rq u e  characteristics a re  ob ta ined  an d  th e  m ax im um  d.c. 
fau lt cu rren t is lim ited  by th e  resistance o f th e  d.c. loop. Since 
th e  prim e m overs opera te  a t constan t speed, they  a re  also used 
to p rov ide th e  sh ip  service pow er. A  4000 kV A  sh ip’s service 
genera to r is driven by each p ropu lsion  tu rb ine-genera to r set. 
T hese generators p rov ide aux iliary  pow er fo r m anoeuvring  in  
ice, plus pow er fo r th e  p ropu lsion  auxiliaries an d  sh ip’s 
hotel loads. T he  only o th er pow er generating  equ ipm ent r e 
q u ired  is a  p o rt o r aux iliary  set ra ted  ab o u t 1500 kW  and  an 
em ergency set ra ted  ab o u t 150 kW .— K o ch , R . L„ M arine  
E ngineer and  N a va l A rch itec t, O ctober 1970, V o l. 93, pp. 
451^*57.

First Ship w ith  Jungner All-electric Engine/c.p. Propeller Control

T he 7150 dw t M aria  G orthon , first o f fo u r au tom ated  
ships designed fo r un it cargoes such as cellulose, fru it, and  
con tainers, has been com pleted  by th e  R au m a  sh ipyard  of 
H ollm ing  O Y . B uilt fo r  G o rth o n  L ines M aria  G orthon  is 
pow ered  by a  B and  W  10U 45H U  m edium -speed engine and  
is c laim ed to  be the w o rld ’s first ship fitted w ith all-electric 
bridge co n tro l fo r th e  engine and  c.p. p ropeller m echanism .

P rincipal particu lars a re  :
L ength , o .a. 103'5 m
L ength , b.p. 102-5 m
B readth, m oulded 16-7 m
D epth  to  shelterdeck 10-5 m
D epth  to  ’tw eendeck 6-0 m
D rau g h t (closed shelterdeck) 7-9 m
Service speed 15 knots
A ccom m odation  ... 29 persons
A  flexible coupling an d  reduction  gear connect the 6000

bhp B and  W  10U 43H U  m ain  engine to  a L iaaen  c.p. p ro 
peller, th e  p ropeller sh a ft tu rn ing  a t 177 re v /m in  w ith  an  
engine speed o f 450 re v /m in . A  g enera to r is driven  a t 1200 
re v /m in  from  th e  gearbox  to  provide m ain  electrical supplies.

U n m an n ed  opera tion  in th e  engine-room  fo r u p  to  16 
h /d a y  is perm itted , th e  m ain  engine and  p ropeller being c o n 
tro lled  by a  Ju n g n er F A M P -2  system . T h is all-electric equ ip 
m en t offers rem ote  co n tro l from  th e  bridge th rough  a fixed 
p rogram m e giving op tim um  revolu tions and p itch  adjustm ent.

T he  Jungner F A M P -2  concep t fea tu res inductive servo 
com ponents th ro u g h o u t th e  system , th e  hea rt o f w hich is a 
cen tra l con tro l u n it w ith  all-electronic logic circuits inco r
p ora ting  m icro-electronics. A m ong o ther things th is central 
u n it features a “p rogram m ed  elec tron ic  co m b ina tion” fo r 
com puting  the best com bination  o f revolu tions and  pitch. 
M o d u la r construction  allows flexibility fo r ow ners’ requ ire 
m ents.— The M o to r  Ship , M a y  1971, V o l. 42, pp . 53-54 .

Electric Disc Brakes

In th e  past five years, m arin e  designers have  begun to 
realize  th a t they h ave  availab le  to  th em  elec tric  disc brakes 
th a t a re  sm aller, m ore  com pact, easier to  m o u n t and  have a 
low er W K 1 o f ro ta tin g  parts.

W K : (the flywheel effect) is the m om ent o f inertia  o f a  
ro ta ting  solid body : th e  w eight o f th e  body m ultip lied  by the 
rad ius o f gy ra tion  squared . W K ! is u sually  expressed in 
pounds-feet squared.

A n im p o rtan t fa c to r is th a t disc brakes com e com pletely 
enclosed in th e ir ow n housing and  can m o u n t directly  to the 
C-ffange end bell o f  an elec tric  m o to r. T hey  can  also be 
adap ted  fo r bu lkhead  o r  deck m oun ting  separa te  from  the 
m o to r if this is requ ired . In  all cases, they  can  be com pletely  
enclosed so th a t sea w ater and  m oistu re  will no t c rea te  p ro b 
lems. T hey  com e equipped  w ith  heaters, d ra in  plugs and 
corrosion-resistan t m ateria l, all o f w hich red u ce  m ain tenance  
problem s and  offer g rea ter lengths o f service betw een m a in 
tenance  jobs.

T h e  unitized  construc tion  o f the  m odern  disc b rake  c o n 
tains the en tire  opera ting  m echanism  on a  suppo rt p la te  so

th a t m ain tenance  can  be p e rfo rm ed  in  a  m atte r o f a  few  
m inutes. A  com plete  disassem bly o f th e  b rake to  rep lace  any 
p a rt, including th e  fric tion  elem ents, c an  be accom plished 
th ro u g h  th e  use o f  a screw driver, no rm ally  in  no  m ore  than  
ten  m inutes.

D isc b rakes are availab le  fo r bo th  a lternating  and  d irect 
cu rren t o pera tion , utilizing a  so leno id  in  th e  release m ech 
anism  th a t lim its th e  nu m b er o f lead  w ires to  tw o. T h e  a.c. 
b rakes a re  availab le  in  to rq u e  ra tings o f u p  to  1000 lb / f t  
to rque , an d  special d .c. disc brakes can  be m ad e  fo r to rq u e  
ra tings up  to  150 000 lb  / f t .

T oday , disc brakes a re  being fu rn ished  fo r all sh ipboard  
applications, including cargo  w inches, a t-sea provisioning 
w inches and  w arp ing  capstans.— M iller, R . M ., M arine  E ng i
neering I Log, June 1970, V ol. 75, pp . 40^11.

Integrated Marine a .c ./d .c . Electric-power System

This is a  discussion o f  the application  o f  an  integrated 
a.c./d .c. electric-pow er system as a m eans o f  com bining the 
advantages o f  a lternating  current fo r the general sh ipboard  
electric-pow er system, and  direct curren t fo r electric-m otor 
supply. T he advantages o f  this system are particularly  evident 
in cases where m axim um  pow er consum ptions fo r the above 
needs are n o t coincident in time.

T he possibility o f  electric-pow er red istribu tion  m akes 
feasible a  reduction  in the overall installed pow er o f  generators 
a t the initial to ta l installed-pow er level o f  consum ers and  an 
im provem ent in the econom y o f  a ship’s pow er p lant. However, 
the setting up o f an  a.c./d.c. system on the basis o f  conventional 
synchronous generators and  static rectifiers is seen as posing a 
problem . In  this respect, am ple opportun ities are opened up by 
the em ploym ent o f paired synchronous generators, w hich were 
first used on the British tanker Auris.

T he use o f  paired  synchronous generators in conjunction 
w ith uncontro lled  rectifying facilities connected in parallel is 
first considered. R egulation o f the ro ta tional speed o f  the 
propulsion  m o to r in this case is effected th rough  an  a lteration  in 
the voltage o f  the second generator. This con tro l m ethod  is said 
to  be unacceptable on  ships fitted w ith m ultiple propulsion  units 
and  o ther heavy consum ers m aking increased dem ands on contro l 
characteristics. Borisov A . L., Sudostroenie, December, 1970, 
Vol. 12, pp. 38-40; Journal o f  A bstracts , B S R A , Vol. 29, M ay  
1971, Abstract N o. 30,882 (in Russian).

The Influence of Thyristor Converters on Supply Networks

A thyristo r converter, when connected to  an  electrical 
netw ork, loads this in a m anner th a t differs from  conventional 
loads such as m otors and  lighting circuits. This difference is 
prim arily associated w ith the follow ing tw o characteristics o f 
such converte rs:

1) high reactive pow er consum ption  in conjunction  with a 
low direct voltage ou tpu t, w hich results in, fo r example, 
voltage drops a t the feeding p o in t;

2) harm onic curren ts arising ow ing to  the non-linear 
characteristic o f  the converter.

This article briefly describes these characteristics. Some 
m ethods o f  reducing their influence on the supply netw ork  and 
sensitive loads connected to  th is are also discussed. Ivner S., 
A S E A  Journal, 1971, Vol. 44, No. 2, pp. 37-40,

Japanese Switchgear

The very large crude oil-carrying tanker an d  the high-speed 
container ship bo th  involve propelling m achinery o f  exceptionally 
high un it powers. As an  extension o f  this trend  the Japanese 
M inistry o f  T ranspo rta tion  is sponsoring an  investigation o f  the 
pow er p lan t for a  500 000 dw t tanker w hich w ould  be propelled 
by two 33 000 shp steam  turbines and  boilers w ith a to ta l 
evaporation  o f 2 x 100 t/h . T his ship w ould  have com m ensurate 
auxiliaries including tw o 3200 kW  tu rbo -a lte rna to rs and  
1650/900 kW  forced-draught fans.

F o r  such an  installation  incorporating  alternato rs exceeding
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2500 kVA an d  a.c. m otors o f over 350 kW  ou tpu t, N ishishiba 
D enki recom m end the em ploym ent o f a  high voltage pow er 
supply system.

By em ploying high voltage pow er supply to  otherwise costly 
and  heavy ro ta ting  m achines they can be designed m ore econ
omically and  w ithout the need to  use m ultiple cable connexions 
and  abnorm ally  large term inal boxes.

N ishishiba D enki, have extensive experience in the use o f 
high-voltage pow er supply systems in the m arine environm ent. 
These have been installed in tankers and  bulk-carriers as well as 
on  dredgers an d  o ther vessels w hich operate under conditions 
m ore severe th an  those o f  norm al m erchant ships. F o r  such 
applications N ishishiba have developed vacuum  circuit breakers 
and  vacuum  contac tors fo r use instead o f  the conventional 
oil-im m ersed, m agneblast and air circuit breakers.

Panels in service
Ship O wner Type A pplication

Suzuka  M aru Taikyo 150 000 dwt Vacuum
T anker Co. m oto r circuit-

tanker breakers

N itta  M aru T erukuni 56 000 dwt Vacuum
K aiun bulk-carrier contactors

Typical data for vacuum contact-breaker panel
Oct. 1969 Sept. 1970

1. T em perature, °C 30 30
2. R elative hum idity , per cent 75 60
3. T o ta l hou rs in service 0 4121
4. T o ta l sw itching operations 0 631
5. Insu la tion  resistance, m egohm s 1000 2000
N o te : The tem perature  range, recorded autom atically , was from  
18°C to  48°C an d  the hum idity was from  40 per cent to  85 per 
cent R H . M arine Engineer and Naval Architect, June 1971, 
Vol. 94, pp. 240-241.

Determination of the Optimum Output of a Marine Electric 
Power Plant

A  m odern  ship has a large num ber o f  electric-pow er con
sum ers w hose operating  tim e and  pow er requirem ents depend 
on  m any factors. T o set up a m arine electric pow er p lan t (M EPP) 
th a t satisfies any peak loadings is clearly n o t always expedient.

This paper is p roposed to  discuss the alternative pow er 
shortage probability  problem . A n econom ic analysis o f  this 
problem  is associated w ith the determ ination o f optim um  M EPP 
ou tpu t (a definition o f  w hat is m eant by ‘op tim um ’ is given). 
M ore specifically, the paper seeks to  investigate, using as an 
exam ple a large stern freezer traw ler, the relationship  between 
relative ship first costs and  the pow er o f  M E PP com posed o f 
D G R  200/500-2 Diesel generators (D G ). C alculation is perform ed 
fo r fou r M E PP variants consisting respectively o f three, four, 
five, and  six D G . The pow er p robability  density function is 
determ ined using a statistical test m ethod  (shown graphically) 
realised on a  R azdan-2 electronic digital com puter.

A  form ula is given fo r calculating the reduction  in  annual 
productivity due to  a pow er shortage, discussion subsequently 
focusing on the p robability  o f  good D G  w orking order (the 
possibility o f forecasting gradual un it failure) and  the tim e 
required to  effect preventive m aintenance. This is show n in a 
table. This productivity  d rop  is fu rther seen to  entail an  increase 
in relative ship first costs.

A lso considered are construction , repair, and m aintenance 
costs, fuel and  lubrication  econom y, and  weight. Expressions are 
given for determ ining the influence o f  construction  costs and  
repair costs on relative first costs. There are fu rther form ulae 
fo r calculating the m ean hourly fuel consum ption and  oil 
consum ption. Apollinariyev V. /., Dorovskikh R. S . and others. 
Sudostroenie, January, 1971, pp. 40-41 {in Russian). Journal o f  
Abstracts, B S R A , June, 1971, Vol. 26, Abstract No. 30 972.

Fluctuations in the Generator Units of Marine Electric-power 
Plants

D uring  the putting  in to  service o f  new m arine Diesel 
a lternators, there occurs in som e cases the periodic oscillation 
o f  ro tors. A t a constan t loading, the generator’s ro to r  fails to  
keep its synchronous position, as a  result o f  which there occurs 
exchange electric-power fluctuations during the parallel operation  
o f  units. As experience shows, fluctuations o f  speed o f  ro ta tion  
and frequency account fo r a round  0-5-0-8 per cent, and  o f 
voltage 1-1-5 per cent. Tests show  th a t exchange pow er fluctu
ations increase when there is a  decrease in loading. W hen 
operating  conditions are close to  idling, their value becom es 
com m ensurate with the pow er usefully generated. T his leads to  
increased losses and  the reduced efficiency o f  the unit.

T he au thors adduce three reasons fo r the occurrence o f  these 
fluctuations: (a) non-uniform ity  o f  prim ary-engine to rque ;
(b) an  irrational relationship betw een the param eters o f  the 
engine, alternator, and  their speed and  voltage regu lators; and
(c) the presence o f  dead zones in regulators, backlashes, arresting  
devices in the m echanical transm ission, and  o ther non-linearities. 
Kukharenko N . and M eleshkin G., M orskoi Flot, December 1970, 
Vol. 12, p . 34; (in Russian), Journal o f  Abstracts, B S R A , M arch 
1971, Vol. 26, Abstract N o. 30 715.

Determination of the Installed Power of a Marine Electric Power 
Plant on the Basis of a Power Balance

As a result o f  a  study o f a num ber o f  electric pow er plants 
installed in various ships, it was found  feasible to  calculate 
(using statistical m ethods) som e param eters essential to  the 
determ ination o f  a ship’s electric-pow er balance. A m ong these 
were to ta l electrification coefficient, partia l electrification 
coefficient, pow er coefficient, and  load  coefficient. U sing these 
factors, a  m ethod o f  calculating the overall installed pow er o f  a  
ship’s p lan t is presented.

The paper is divided into the follow ing principal sections:
1) choice o f  current type and  voltage;
2) structure o f  m arine electric-pow er p lan t loading;
3) ship electric-pow er balance;
4) com pilation o f  electric-pow er balance.
There is a  table show ing the loadings o f  electric-pow er plants 

in tankers (with deadw eights ranging between 19 300 and  
79 600 tons and  having propulsive pow ers betw een 7000 and
24 100 hp) according to  groups o f  consum ers. Cisic M ., Brodc- 
gradnja, No. 7, 1970, Vol. 21, pp. 416-425 (in Serbo-Croat). 
Journal o f  Abstracts, B S R A , June 1971, Vol. 26, A bstract No. 
30 973.

Problems of Investment Economics in Marine Power Plants

V arious extents o f  decentralized d is tribu tion  o f  electric 
energy onboard  ships are analyzed and  com pared to  centralized 
distribution. T he relations are determ ined betw een the com 
ponents o f  the to ta l price o f  a sw itchboard. I t  is dem onstrated  
th a t savings due to  optim um  distribution  o f  electric energy were 
obtained w ithout w orsening the operational properties o f  the 
ship’s pow er p lant. F u rth e r investm ents aim ing a t an  optim um  
distribution  o f  electric energy o n board  ships are suggested. 
Szczerba S ., Kramarz W. and Bialek R ., Polish Technical and 
Economic Abstracts, No. 1, 1971, p . 82. Budownictwo Okretowe, 
No. 9, 1970, pp. 291-294 (in Polish).

Automatic Control Onboard Ships

Some thoughts on the necessity for au tom ation  onboard  
ships are  follow ed by a  description o f  the D P  260 m onitoring, 
logging and  contro l system, as used by Brown Boveri fo r some 
considerable time. Experience has confirm ed the reliability o f 
this system as well as m eans o f  expanding it for fu ture  develop
m ents. Wunderlin V., Brown Boveri Review, A pril/M ay 1971, 
Vol. 58, pp. 184-189.
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