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M a n y  o f  t l ~ c  elrects o f  ship mot ion on a ship's transmission syslenl are well 
known.  However, recent tt-ials i n  H.M.S. M'lri11)j~ ~revealcd facts wl l ic l l  had not  
hi therto been flt l ly apprcci;~tcJ. The ol)ject o f  this at-ticlc i s  to  p[-csenl a few 
of these facts. t o  indicate how they all'ect t l ~ c  Y.100 mac1iine1-y automatic 
cruising turbine clutch and to show why a complete re-design o f  the clutch liar 
been necessary. 

Backgrountl 
The  concept o f  the Y.lOO mxchincl-y I-equires a clutch t o  disengage the 

cruising turbine automatically on  incr-e;~sitig above 29 per cent power (20 knots) 
and re-engage the cruisinz turbine a~ tomat i ca l l y  on reducing power t h r o u g l ~  
the same point. 1-his entails a c1iangcovc1- point ;l1 ;~pproxinlatcly 8.000 r.p.m. 
of the cruising t ~ ~ r b i n c  (147 sliaft r.p.rn.). 1-he 01-iginal design t o  mecl t h i s  
I -eq~~ircmct i t  was a non-locking fl-iction scrvo dog clutch. 

The prototype macliinery trials at i'ametrad;~ indicated that w i t h  minor  
n~odi f icat ions the clutcl i  wc)uld hc sntis(':tctory. hi11 the (i l-st sea trials soon 
revealed sllol-tcornings in  tlic tiesipll. leading at times to impact torques o f  
damaging v a l ~ ~ c  t o  the gearing. The most disastrous b l o w  occurred dur ing 
mantcuvring fl-om astern 111 ahead \\.lien a violcnr shuttl iny action arose. 

Invcstis:1tion slio\vcti ilia1 the inco~- l )o l . i~ t i~m 01' ;I ' lock i n '  Se;~ture would  
overcome tl ic major i ty o f  the tlcl'ccis iticlucling. o f  cnu~-sc, the rnanceuvring 
condit inn ~.cfcrl.cd to aho\c. l ' i~rt l icr. i t  \\,as I-caclily apparent that the data 
rcql1irc1.1 t o  carry out a I-c-ilcsiyn with conlidencc \virs not complete. 

l ' h e  sea t1-i;ils. ~ \ ~ l i i c l l  I'ol-m tlic basis ol ' this article. \vet-c \pccilically designed 
t o  obtain tliis c i ;~ta i h c  origi l ial de\iyn of non-locking clutch LV;IS i ~ s c d  i n  
c o n j ~ ~ n c t i o n  \\it11 :I sal'cty I'LIK in  11ie l ~ o ~ - n i  01' :I t o r c l ~ ~ e  l in i i t iny dc\,icc. 

In  the l iphi  o f  data ohi;rinetl l'rom tile l i r i t  sea t r i l s  the use o f  alternative 
designs OS c l i ~ t c l i  (c.9. Criction-liydr;1i[lic) \\;is in\cstit._ntcd. l ' l i c  stndics showed 
that no  desipn. other th i~ r i  tl ie ar~lorn:l l ic inccl~anical type wit11 a ' l ock  i n  ' 
lirntul.c. was l ikely to  hc succes~l't~l wit l iout 1011: tcrm dc\.elopmcnt. Invcstig;ltio~l 
; t I s ( ~  showed tI1;1i i t  may hc to  ;~cI\:~ntagc to l i t  tl ic clutcl i  at ;I point in  the sy.;teni 
other t l ian r l ~ c  c r ~ ~ i s i n g  11-ain. Ho\rc\,c~-.  tli is \ ? . o ~ ~ l t i  ent;~il a m;~jor- re-desig~i o f  
thc gcarilig. 

T l i e  oh\'ious line o f  attack. tl~cl-cl'orc. \\;IS l l ~ c  I-c-design ol'cr mcchanic;~l 01)e 
c l u t c l ~  l i ~ r  the c r ~ ~ i s i l ~ g  train. A l l  c l l i>rt  i\ nowr hcinz directcd towards th i \  cnti 
21nci it i s  intcndcd i o  cc~nlinc i l l is : l~- i ic lc 10 \ i l i i i l a~-  lines. 'I '\vo intIcpcn(lent 
~ i c ~ i y r s  ;\re no\\; in [land a n d  i t  i. ititcndcil to  m;\~inf: \ct l~rc 1v.o p r o t o t y p c ~  11, 
each dc\i,gn I21r sett c \ ;~ lu ;~ t ion .  

Mecl~anics 
'l'lic ~>rob lcm i s  bcsi illust~.ntcd l out l in ing tlic mecl~:~nics involvecl ; ~ n d  

ind ica t i~ ic  t l lc signilicancc 01' Llic v;~rious S:~ctors. 
Thc transmission system 111:iy bc s l ~ o \ r n  ill s i ~ i l c  c I i : ~ g r ; ~ ~ ~ l i i c  I'orm ;I, 

l l .  I .  



CRUISING TURBINE PINION TO PKOPCLLFR SHAFT L I A R  K A l l O  1 4 6  1 - n 

T h e  impac t  torclue ( 'F) o n  engagement, o f  th is type of c l u t c h  is :i f unc t ion  
of  : 

(i) T h e  iner t ia  of the  cru is ing tu rb ine  a n d  d r i ve  up t o  the  c l u t c h  (I,) 
(ii)  T h e  iner t ia  or the gearing. m a i n  t ~ ~ r b i n e .  s l iaf t ing.  ~ v o p e l l e r .  ekc.  

referred t o  the c ru i s ing  p i n i o n  (I,) 

( i i i )  T h e  rcle\,ant n a t ~ ~ r a l  frequency o f  to rs iona l  oscil1:ttioti o f  t l ic  w l ~ o l c  
t ransmission system (f) ( i n  a ship's tr;insmission S l i  i l l  ill 
general. h e  the second node mode)  

( i v )  'I'lic dill'crcnti;il speccl o f  t l ie  engaging c lu tch  members  at t l ic  moment  
of impac t  (W) 

i.e. T - l: (l,. 12. f. (0).  

Consider ing these factors i n  t u r n  : 

( i )  ;Incl ( i i )  I,  rid I: arc. o f  course. a lmost  entir-ely t l ictated h y  pliysict11 
considerat ions o t l l c~ .  tIi;tti CIIIICII design. c.3. t ~ ~ r b i n e  11ic1-tno-dynamir 
ancl strength aspects. gc; ir ins dcsisn. ctc. 

( i i i )  T h e  nat11ra1 fr.cqucncy o f  torsion:tl osci l la t ion.  be ing a func l i t in  01' 
l , .  I, i ~ n d  t o r ~ i o n : ~ I  still'ness o l ' t l i c  iys te t i i  ( S )  i s  l i l rpely detcr~ i i incc l  h\ .  
con i i t Ic r ;~ t io t is  such 21s shaft sires required ill the gearing. In \~est iya t io t ls  
i n t o  \ .ary ing t l ic  tor-sional sti l l ' t lcis o f  con lponcnts  i n  order  t o  c;~sc l l i c  
c l t ~ t c h  in1p;rct tc)rcloe. \vi t I iout prejitclice to other  consicler;~t iot i \ .  sl io\\  
t l i ;~t  t l i c  f r c q ~ ~ c n e ~  C;II~ he var ied \\,it l i in ccrtair i  l im i ts .  

i I ' h c  tlill 'crcntial speccl ( < , I )  of ' t l ie  eiiy;1giti:1 c lu tc l i  t i ienihers :I[ t l iC  I i i i ) lnc l t l  
o f i ~ i i l l a c t  i s  a f ~ ~ n c t i o n  o f t l i e  g c o ~ n c t r y  o f t h c  c lu tc l i  :tntl t l ic t l i l l l ~ r c ~ i t i ; t l  
;tccclc~-;trio11 o f  ( l ie  cr igayiny ineml,crs t l ~ ~ l - i n y  l l i e  per iot l  t ~ l ' e n ~ a g c ~ n c n t .  

I t  i s  ;~pp:~rcr i t  t l i : ~ t  o f t l i e  S:icti>t-S ; t f l ~cc t i~ ig  1'. l, i11ic1 1:: :ire ~ i o t  r ra i l i l >  \ ; I I .~ ; I I~ I<~  
l i l t t i u l t l  hc rcclt~cccl t o  t l ie  m i n i r n ~ ~ m  pr-;~ctic;~ hlc. ancl r . >  i i i ~ l i t  hc \~ii.It 1I1;tt 1 
5l ial l  he of acceptable \.aluc. 

\ s s l ~ m i n y  that  t l ic  c lu tch cngayclnent o l ~ c r a l i o n  commences at , 3 y ~ ~ c l i ~  i l n o l l \  
\pced and  i s  posit ive it1 act ion.  t l ier i  

f.1 I- ( ( l )  

\$,II~I.c 0 i s  t l ie  : I I ~ ~ L I ~ ; I ~  r i ) t :~I i i i r i  rcq~t i recl  t o  ctig;~ge l l i e  cI~1tc11 111etnlx.1.i I ~ ~ C ~ ~ ~ L I I L ~ ~ ~  

I'rotii t l ic  fu l l y  t > t ~ I  t o  the f !~ l lv  c11y:tged p i )s i t ions.  



TURBINE 

b7[? OIL S ~ ~ P P L I  TO CLUTCH 

U 
OIL FLOW METE!! 

PEN RECORDER 

AUUlO CONTINUOUSLY VARIABLE FREQUENCY 



Conditions dui-ing 1ri:ll : Sll;lft r.p.111. 100 
Sea swcll 18 ft 
Wind forcc H, line o n  st;~rhoarcl how 

~ ~- .~ ~ ~ ~- ~.~ ~ -~ 

I'c:~k ;~ccclc~-ations and dccclcr:~tions o f  crilising liinion (r.p.m,scc.) ~-ec(~r<lcd ovcr :I 
period o f  bill- minutes : 

i.e. h lax i rn~~nl  crr~ising pinion nccelcr;~tion irccordcd 228 1~p.m. sccwliicli gives;! 1n;lin 
sl1al.1 accclcralion of 4.2 r.p.m, sec. 

ant i  C;) i s  the d i l fc rcnt ia l  acceleration of tile t\vo cli3:igitig r n c t n b x s  o l > l ; ~ i n i n ~  
d u r i n g  the engagement per iod.  

I n  th i s  par t icu lar  app l ica t ion <,'> is dcpendcnt  oli the Soll<)winz : 

( i )  Accelerat ion o f  the cru is ing turbine.  This i s  a f ~ ~ n c t i o n  of I,. c l - i~ i s ins  
t l ~ r b i n c  w i n d ~ r ~ e  clit~l-acteristics a n d  111: contrL>l  system, w l l i c l i  113s het11 
so dcs ip ied  t o  l i m i t  nccc lc ra l ion  t o  a l o w  value. 

( i i )  I l ccc lc r :~ t ion  o f  the cr l l is inf  1iinio11 due  t o  the reduct ion ol' m:rin 
t ~ ~ r b i t l c  ~o \ \ ,e r .  T h i s  is 3 I ' l i t ictioti o f  1 ,  t i le  inert ia o f  the i .  sllip 
sc\istancc cl iaractcrisl ics. etc. 

( i i i )  Sea clTccts on the cru is ing p in io t i  spccii d ~ t c  1 0  \I i i[> n i o t i o ~ i .  T l i i ~  i\, 
ot' course. dcpendc11t on the s l i ip  m o t i o n  clr;~t~octcristics. 

Sca Tr ia l s  

T l i c  i n s t r ~ t ~ i i c n t ; ~ t i o t i .  as shown i n  PI(;. 2. was l i t tcd  t o  the s l :~ rhoard  c ~ i s i i i ~ ,  
o l ' t l ~ c  s l i ip  ; l t i t i  i ~ l l o \ v s  t i i c ~ ~ s ~ ~ r c t i ~ c t i t  o f  : 

( U )  C ' t - ~ ~ i s i l l g  t i l rb inc  spccd rc.lati\,c l o  ! ino\vn (>sciil;rto~. OLI~~LI I  

( l , )  ( . t .~~is inz p i n i o n  spced I-clativc t o  kno\v11 osci I l ; i to~- o i ~ t p ~ ~ r  

( ( 1  C'rl l i\ it ig t ~ ~ r h i n c  speed I -c lat i \c  t o  cl-uising p i n i o n  ipec i l  

( ( I )  Im17acl l o l - ~ L I C  on c l ~ ~ t c l i  cnga~erne t i t .  

V a l l ~ c \  o f  ( ( 1 ) .  ( h )  a n d  (( , )  \\;et-e obtainct l  o n  a pen ~ - c c v r d c ~ -  [I-ace 1'1-(1111 \vI,icll 
iiiIli.scntj;ll >l\eeci\ ancl n c c c l e r a t i o n ~  c o ~ l l d  he d c t c l - m i ~ i c d .  ' l-he impact  torclnc 
!\;I\ ~sccordeil b) liigli \pccci p l i o los rap l i )  01' t he s t~ - :~ i t i  yai lgc o s c i l I o ~ ~ - ~ t p l i  t r ~ ~ c c .  

Il.i:ll\. 0 1 1  I-eduction o f  power  t11rough t l lc  c l i ; ~ t ~ g ~ t ) \ ' c r  p o i ~ i t .  \ I i o \ \ cd  (l l; lt : 

( i l  I<? cosl-cct a c i ~ i l s t ~ i l e l l l  o f l l l c  c0n l rOl  s);hlCn! tl1c cl- l l is ing I L I I -~~ I~C aL,cclcl-. 
a t i o ~ i  c i> i i l i l  be cont l -o l led t o  :I r n a ~ i l i i ~ ~ n i  o f  50 r . (>.n i .  per \cc. 

( i i )  l h e  111;1\i1lintn dcclcrat i< in U S  the cl-uisi t is p i n i o i ~ .  due t o  t r c i l ~ ~ ~ t i o , ~  ,,l 
1 i i~1 i11  t111-17itic po\ \e~. .  \v0111(i he 80  1-.1p.111. [p:r \cc. 

Sca e l l c t \  \\cl-e t l i c i i  detct-mined hy ~ ~ i i  t11c 1 I \at.iolls c ~ ~ l ~ - ~ ~  
I.C);II i \  c 10 t l ic 'tc:~ iilid t i ~ l . ~ i i l i g  1111cJer tlilTct-enl tlegl-ccs ol' hc l t i i  i l l \ L I ~ ~ O L I ,  ,c:[ 
concl i t ions. Exat i ip lc\  o f d a t ; ~  o h t : ~ i ~ i c t l  arc @vcn  i n  Frc;s. 3 ; ~ n t l  4 ;ltlcl I ~ I ~ I I  1 

l'ull ;~ l i a l ys i \  sho\ \s that uccclcrat ions and t iecclcr :~t ion\  21-c I I s:lnlc 
order.  arc coni l>lctely r a n d o m  i t1  naluri. at id. t o  co\,el- a l l  sea c o l ~ d i ~ i o n h  l i kc l?  
r i )  be c ~ i c o u ~ ~ t c s c d .  :I dilt i.~.cntial i ~ccc lc ra t i on  of' ! 400 r.1l.m. pet- sec. must h~ 
; ~ l l o u e d  l'or o n  thih account :rlotic. 



PINION ACC IN R P M SEC 

l .  3 L I I I S - I S I O  I S H A I ~  R.I'.M. ASD CKGISI\II I'INION 
!\~.~I.LII<\~I(!K I~CKIV I  TIIKNIYCI 

Ships spccd 187 r.l,.nl. - 27 Kllots 
LVcnrl~cr conditions -- Flai calm 

I~ l i r i -u i i~cnt :~ t io~~ cnrrici! 0111 nn Starboarcl shaft only 



STARED. 
SHAFT R.P.M. 

MAX. ACC. OF CRUISING 
PINION R.P.M./SEC 

94 110 

SEA 

WIND FORCE C S W E L L  I 0  FT 70 116 

TURNING CIRCLE 410 YARDS 87 114 

190 

54 61 10 31 l I 37 7 5  
I I 5  

87 117 
I03 111 115 120 115 

310 PS 

214 

l1 

. l l < l f l ~ i ~ , , ~ ~ < ~ :  

Sliip .;ic;lnilng i111o lica<l sea 
3 0  ~lcglccs l ~ c l m  tul-n l<r Sti~rhoaril \liip in bc.1111 sea (<>,~ ~ c v e r i  1 1 1 1 1 1 1 1 1 ~ ~  

30 dcsr-ecs hclrii turn l o  Pi~r-l ship s1c;iiiiing into lie:l<I \C:I 

Sli.~St r.p.rii o11 TcIcgr;~pli~- l l 0  
l liroftle sctl i~ig c01is1.11it c l ~ ~ r i ~ i g  I~~ ; I I~<XLI \  rc 

50 

1 69 

l 
56 

C' lutch cngaj ic l i icnt  11-inls uc l - c  car r icd  0111 ~ I I I ~ ~ I -  ic1ct~tic:iI c t ~ l l c I i ~ i o ~ ~ \  i1.<1111 

r l ic  o p c r a l o r  ;~spcct h111 irr ldcr clill'cscnl u c a l h c r  cont l i l io r i \ .  0 1 1  :111~1Iyhis. i t s  (~JIIC 

\ v o t ~ l d  exl>cct. a cl :~mpctl  oscil l: i l ion. 21s t i le  c l u t c l ~  rebo l~ r ids  O L I ~  o i  c~ lyxgcrner i l .  
1s rc ;~d i ly  ;~pparc l i t .  h u l  note  tile si:rnit ical~cc 01'  t l ie  sca clli.ct i n  the resul t ing 
clilli.rcnli:~l speed nncl hencc i rnp :~c i  lot.qtle. Sec ~'I(;s. 5 ( ( I ) .  5 ( 1 1 )  ~IIICI 5 ( c , ) .  

TURNING CIRCLE 420 YARDS 

l l8 

l l 8  

117 

I'hus t hc  p ~ o b l c m  beconics 11ol onl! i h a t  of designing l'or a n  opcratol-. 
r o n i r o l l c d  accc lc ra i ion  o f  130 i . .p.~n.  I ~ C I -  sec., b u i  also 1 Sul-thcr ran t lon l .  
i ~ n j x c d i c ~ ; ~ h l c  and  r t r~con l ro l l ab l c  accclcr : i l io~i  ol' : 1I)O r .p .m.  1pc1 \cc. Ii i, 



ptci S-~ERIUXED iilot, ~ t t l t  
OF SlPICHRONOUI SPEED 

1 t 1 1  SC;I Fit,: ( ' ;~l!~i lh) S c a  I X  f l  S\\cll ( c )  Set!-18 ft S\vell 
Wincl- F n i c e  5 I Y i n d -  Force 5 

l .  5 . 4 y i L Y S i S  0 1  C t l i i ( ' H  ~:NGAGI:MENT TRIAI,S 
.Y,,l,, 

l i l  1-lit: ;11)11ic 1ri:lii i ici-c c:~ri-lciI i t i l l  i l i i i lcl- i i lent~c, i i  c i in i i i l ions f ro l i l  111c opcr; i t<~r 's tispect bill obscrvc t i le ~i~tlifi~:,n~. Of till: seil cfiec[ on tlls 
r i s i  I :  l l i c  L c ~ l i  l ~ c r ~ c c  dili'escnti;ii speed a: cnsagemcni  

l l l i  I l (Ih (l) is I b y  i i l e s c ~ i i l  S . .  l75  



t l ic magnitude o f  the lattcr f i g ~ ~ r e  compared w i th  the former that necessitates 
a cornpletc re-design. 

I t  fol lows that the success o f  the clutch w i l l  largely depend on achieving 
engagcrnent wi th in as small an angul;il- rotat ion as possible. I 'his i s  n o  lncalr 
lxohl:~n w l~e r i  one views tlic pliysical aspcct of overall sp;tcc available (cylinder 
12; in. l o l ~ g  X I I in. diameter) related t o  tllc power to be t r a n s ~ n i ~ t c d  (2.300 1i.p. 
at 7,000 r.p.ln. : l i d  torques 1113 to  4.600 l b  f t )  :ind tllc t l i lk rcnt in l  accclcrations 
conccrncd. Incol-poi.;ltion o f  the ' lock i n  ' I'caturc i s  also a signilicant problem 
i n  itself. Further. Ihc magnitude o f  the sc;i cll'cct comparcd t o  t l ~ c  operator 
controlled acceleration prccludcs the LISC of an anticipatory 01- ' bias in  ' device. 

' fhc fact that i l le worst conditions may arise during a ' r u ~ g e d  lniddlc watch ' 
is also f'rilly apprccialcd and 111- c o ~ l t ~ - o l  systcln has been designed nccordit~gly.  

POSl S~~,.i/ll 
Succcssf~~l  sea e v a l ~ ~ a t i o n  o r  one design has now hecn carried OLI~.  'l'hc two 

clolchcs t o  tl l is d c i g r l  wi l l  he left in  scr\icc fo r  about six rnonllls beforc linally 
acccptitig the dehipn ;is proven. 

Sca cv;~l~iatic:n trials of the scccnd dcoifn arc ~?rogranimed for April, 'May, 
1959. 
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