
THE DEVELOPMENT OF 
A UNIVERSAL MACHINE TOOL 

In  1943 i l  hccanic ;ibut1cla11lly clear that  l l i e  inereohcc1 ec l~ l ip l i ien t  ancl 
a n i e ~ ~ i t i e \  10 he insl;l l lctl ill comh:~t ; lnt  \ I i i p i  01 '  i h c  I l o y a l  N;ivy, \vou l i l  licces- 
sit:lle ;I rc\ ihct l  a l loca l ion  (11' sp:lce t o  tl iose services allcl anrcnit ics ;ill-catl) 
exisl ing. 

I.'o[. ;I l o n g  1i111e it li;ttl heell \ ~ ~ g g e h l c d  in some C~LI~I-1e1.s 1li;11 eel-tain m;rchinc 
toolh. ;11tIio11gI: IICCCUS:II~~ I'oI- ~ i i a i ~ i t ~ i : ~ ~ i c ~ , ,  WCI-C 110t ~ ~ I e ~ i s i v c l y  used il l s l i ip i .  
~ i v i n g  111c i ~ ~ i p i e ' i s i ~ ~ i  III;I~ they c o ~ ~ l t l  be i l i spc~ iset l  \v i lh  an i l  the m ; ~ c l i i n c  sl iops 
c o l ~ s c c l ~ ~ e t i t l y  rct lucct l  ili si/e. O n  i h c  o t l i e r  hand  Llie v i i \ v  l iel t i  at t l ic  A( l rn i l - :~I l )  
W l i l l  is, I Ii:11 ;tII III:IC/I~IIC\ Ii;~\.c ;111 ~I~SLII.;LI~CC' V;!!IIC' ;111d l l l ~  prcl i l i11ti i  
c ill S ~ ; I C C  i s  s ~ i i ~ l l ,  1 L C ~ S C I  l e l l -main1; l inc t l  I 1 l ~ i g l i  c l e g ~ ~ e  01' 
~ ~ r c ~ ~ ; ~ r c c I ~ i c s s  w i t l i  l l i c  occ:!hioli;~l :~ssi<l;~ticc oI' i l icse ~ i i ; ~ c l i i ~ ~ c s .  

W i t h  il iese c ~ ~ ~ i l l i c l i ~ i g  vicw5, tlicl-cfi)l-c, i l  scemcd very desil-ablc t o  c;lrry O L I ~  

a survey ol' l l i c  11sc a c l ~ ~ a l l y  m;itic o f  the mncl i incs allcl, wh i le  ;~dmi t tcc l ly  \ 'cry 
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rough, this survey showed that ,  cons ider ing t h e  la the  as 100, the  usage factors 
o f  v a r i o i ~ s  types o f  ni;tcliines were :-- 

D r i l l  . . . . X0 
T o o l  Gr inders  . . 20 
0nivc1-sal G r i n d c r  . . 10 
Univcrs:tl M i l l e r  . .  60 

C'onsidcr;~tiotl was t l i e ~ i  given t o  the poss ib i l i t y  of o m i t t i n g  certa in items, 
but i t  was I 'oLI~I~, ~ p : ~ r t i c ~ ~ l ; ~ r I y  ill t l i c  I a ~ ~ c r  typzs c ~ f v e s ~ c l s  iIi:~t, w i t h  t l ie  var ious 
scll ' l-eli l policies, this pl-cscntccl :I gl-eatcl- r isk t1i:ln c o i ~ l d  reasonably be accepted, 
p ~ ~ - i c ~ t l : ~ r l :  I v ~ r t i ~ i i e .  I n  ; ~ d d i t i o n ,  i l icsc larger vessels are cxp:cted It, lend 
;~s\ is lancc l o  s ~ ~ l a l l c r  escort craf t  as o p p o r t u n i t y  arises 01- as ticccssily in war  
t lemands. 

It w ;~s  at this sl;~gc i n  i l i c  encluiry t l i :~t the poss ib i l i t y  of :I c o m h i n n t i o n  
~ ~ i . ~ c I i i ~ i c  c;l~iie ill I'oI- SCI-IOIIS i ~ i v c s t i g ~ ~ t i o ~ i .  I f  :I ~ i i : ~ c l i i ~ l e  c o i l l d  bc  p r o d u c c ~ l  to 
s ivc  1111-cc 01- m o r e  actions a n d ,  a t  the s;\mc t ime  show a reduc t ion  in space, 
s o ~ i i c  recluction i n  t l ie  ;\I-cas o f  the comm! in  m:lcl i inc s l i o p i  c o u l d  h- accepted 
w i t l l o u i  i111y c ~ r r e s ~ ~ o t ~ l i ~ i  rcduct io t i  it1 the stant iard of  m:~ in tcnance m e t h o d  
171-cviously cr l joycd b y  t l ie  I-lcct. 

I l i c r c  Ilave been ni:lliy at temp:^ t o  comb ine  var ious t y p x  of machin::~, b u t  
t l i cy  l1:1~c a l l  l i ~ ~ t l  i l i c  tl isadvatltagc o f  restr ic t in$ t l ie  LISC t o  on ly  t w o  act ions 
a t  21tiy ot ie t inic. t l ie  ~ i i : ~ c l i i n c  was invar iab ly  ;I basic unit t o  wh ich  val-ious 
~ t t i a c l i m c t ~ t s  were scc111-ccl. E x p x i e n c e  has shown that  s ~ l c l i  cxpzdients were 
uhccl o n l y  i n  (lit-c cmergr:licy. I l i c  hasic recl~l i remcnts.  t l lereforc, f o r  such u 
~ i i : ~ c I i i ~ i c  resoIve:I t I i ~ ~ i ~ s c I \ ~ c s  i l l t o  t l i c  f ~ I l ~ \ l ; i t i g  :- 

((I) I'll;~( ill le;~st tlit-cc o l ' t l r e  l-asic p r o d u c t i o n  t i ie thods (say, mill, clrill ancl 
t u rn )  s l io~t l ( !  be p ~ s s i h l c  at a n y  one  t ime. 

( h )  Tli. metliocls hhoul t l  be ~ t r ~ d c r t a k e n  w i t l i  t he  minimum asseli ibly of 
;~cccsso~-ies. 

( )  [ l i e  t1l;lcliille s I i o ~ l l ( l  s:~vc a cotisicterablc sp;~cc over t l ic  indiv ic lual  
r i i :~cI i i  IICS. 

( ( 1 )  T l i e  i i l :~cl i i t ie sI1o~1ld i ~ ~ c o r p ~ r : ~ t e  :IS IULICII ' st : l~ ld :~rd  ' e q ~ ~ i l ) t i i c t i t  :IS 

1?:>ssihle. i l l i s  w o ~ ~ l d  no t  o n l y  I-etluce cost bu t  woulc l  incorporate  ei lu ip-  
wen t  \\it11 \ \ l i ic l i  the users \vo~ l lc l  all-endy h e  fami l i a r .  

11,) 7-11:1t t \vo 51x2s o f  S I I C ~  ~ i i ; ~ c I i i ~ i c s  ~ e r c  r e q ~ ~ i r e c i  and that  t l i c  c;lp:lcily o f  
e:~cIi un i t  incot-pnrated must  he commensurate  w i t h  the o ther  u l i i (s .  

-Taking tl icsc cri teria, a n d  hav ing  t - c ~ a l - d  t o  t i c  itsage i l c t o ~ - s  PI-cviously 
o h t i i i ~ l c d ,  i t  \\as foulicl that  a comb i t i a t i on  o f  the f o l l o w i l l g  machil ies w o u l d  
give the most I ';~vo~tr:tblc u t i l i t y  value, as \+!ell as the greatest saving i n  wcight  
; i ~ ~ t l  \pace : 

1-athc 
1~1- i I l  
.l.ool C~ir i~ ic!c~- 
M i l l c l -  
I l ~ l i v c r s a l  ( ; r i ~ lde~-  

I l i c s c  tiiaclii~ic.\ ;!re : l 1 1  hasically dill'el-cnt, e;~cll ~ - e c l u i r i ~ r ~  i t \  owl1 p :~ r t i cu l ;~ r  
n i a n u i ~ c t ~ ~ r i n :  t c c l i ~ i i q c ~ e ~  ai l t l ,  as was t o  he expected, Ihc rc  was t i o lh ing  in the 
cot i~ l i ierc i : l l  splicrc ~ : l i i c I i  e i ~ ~ i i c  ; ~ ~ i y \ v I i e ~ - e  tie;~r meet i t ly  the r c q ~ ~ i r c ~ i i c t i L s .  I t  
was ther-cl'ot-c necessary 1'0s t l ie  A d m i r ; ~ l t y  t o  design ;I suitable machine o r  ;it 
le;lst t o  set o u l  ;I hasic dcsigti f o r  the gu ic la~ lce o f  the f i rms  w h o  m igh t  develop 
ir unt lcr  coi l t ract .  



I h c  prqjeclct l  dcsign was r c k r r c d  io ~ i l a l i ~ l l i ~ c ~ u l e t - s  but, becatlsc ol' 1.1111 01- (1 -1 -  
hooks, o ~ i l y  I\vo f i r tns slio\\,ed their  \ v i l l i n : ~ ~ ~ c s ~  t o  ccr-ol7cr;1tc i t 1  t l ic pt-oducl ion 
o f  these in l r res l i ng  m:rchine loo ls .  T ' l~csc  wel-c h l c i ~ l - S .  T l i omas  Rytlet- 01. 
I l ( i l l on  ancl Messrs. A d c o c k  M Shipley of' I-eiceslcr-. T l i i s  proved a d i \ t i t i c t  
; :dv:~t~tagc because o l l c  desigl i  c n ~ ~ l d  he ;rl loc;~tcd t o  each lit-m, thus c n ~ ~ l r i ~ i g  



tli:tt the rn:~chirlch wuulcl be clc\,eloped a l o n g  i r idepcr~cleni  l ines. 'The coll(r;tcts 
were pl;~cetl  ear-ly i t 1  1944 ancl h0111 firms tcpplietl a l l  i h c i r  knowledge and cxycr -  
iettcc t o  t l i c  task, l l i c  rcs~r l t  ol' wh ich  l i ;~s bee11 t w o  extretncly f ine  m:rchines of 
h i g h  clonlity, f inish a n d  ;tccuracy. 

I ' l i c  development o f  the large machine w:rs a l located t o  Mcssrs. 'T l io l~ i : \s  
I ty t ler ,  r r l r n c r -  Hrir lgc Works,  I+ol lon, crntl 17r:ivicici I ~ u r  csscntial rnacltincs it1 

 tic u n i l  ~\,ilIi I l le  l 'ol lo\+~ir ig c:tp;rcitics : 

[ (e ight  o f  cctitrch (1; i n .  Sw ing  ovcl- s;t<ldlc X j i n .  
Swing-it1 g : ~ r  i n  f r c~n t  of lircc p l ; ~ l c ~ -  22 it1 d i : ~ ~ i i e t c r  ; t~trI  S 111 l c r i g t l ~ ,  
Dis lar tcc bcl\vccri CCIII~CC 30  ill ( t o  he i~icre:rse(l i t 1  p roduct io l r  r i i (~ t lc ls ) .  
Spi l l i l lc  sy,ceds, n u ~ i i h c r  0 ,  r :~ t igc  21 t o  531  per minute .  
[ iates ol' lectl, i ~ u ~ i i h c r  12, s l id ing .0051:04 inches pc r  r e v o l u l i o n  surl ircir ig 

.00251.02 inches per- r c \~u lu t i o t t .  
T1irc:rtls a \ ' ;~ i l ;~b lc  i l i r ~ r ~ g l i  gc:~r box X, 4, S, 0, 7, X,  10, 12. 14, 16. 20. 

74, w i t h  cIi:r~igc \1,11reI~, 1:; t o  72 1 p . i  .S 10 c) m . m  pi tch .  

Wor-k ing s~rrl 'acc of t;~hle . . . . . . 4 0 i r i  < I 0  111. 

ILongitut l i t iaI Iced . . . . . . . . 23 i l l .  
C ross  lravcrsc . . . . . . . . 7 i n .  
Vcr-lical t ra \  erbe . . . . . . . . 13 ill. 
Specils ol' l i t ~ r i / o t ~ l ; r l  spit?ille. n l r t i lhcr  9. r;ittgc 2 1 t o  533 pzr' rn i t i r~ le .  
I.i~ngilu:litr:il Ikcds, ! iut i ihcr  4. rangc t o  10 i n c l ~ c s  per n i inu tc .  
-l':thlc. sivivcl\  47 c i t l i c r  i ic le ~ ~ l ' c c t r t r - c  l ine. 

l(,) . S ~ ' / f . ~ i / i t ~ ( ~  l) / . i / / i !~y , b ! t ~ I i i / 1 1 ~  

I \ . l ;~xini i tr i i  si/c l i ( ~ l c  clri l lctl i r r  r i i i l t l  steel . . l 111. 

S t roke (11' \ p i~ i c l l c  . . . . . . . . (1 i t i .  
~1is1:rticc 1'1-0ri i  hpit~cl lc t o  co l i r t i ~ t i  . . . . 12: i t i .  
M ; iu in i~ t !n  di\ tnlrce i 'roni l:rhlc io spi lrdlc i iosc . . 31 in .  
Spirlt l le \pcctl\, t t~ t t t ihcr  0, I-;III~C X 5  t o  1,220 per- m i t i u t c .  
Spint l lc  ; t i t lot i iai ic k c t i \ .  r ictt i~her 4. range ,0055 t o  ,0162 i r i c l ~ e \  11~1. 

t i i i ~ i t t t c .  
Silt ti l ' t:rl~!e 20 111 .: IS i n .  

(11) l ~ l f i t ~ i ~ ~ ~ s ~ ! l  (;/~i/llIi/f~ ~ \ I f ! ( ~ / l i / l ~ ~  

b l a x i t ~ l u r n  s\$iri: over- iablc. . . . . . . I 0  ill cli;t~nctcr. 
,. ?I-i~iclirig l e ~ i ~ t l ~  . . . . . . 74 in.  
. . w i d l l l  i>f  s i ~ r l i ~ c c  g t - i ~ i ~ j  . . . . X i r i .  

Vc r l i ca l  mobcmcn l  o l  \vlicel l i c i l ~ l  . . . . 14 i n .  
Wor-k spectls Numbet -  4, mrigc S4 t o  350 per n i i ~ i ~ ~ ~ c .  
1';lhle s p e e d  N i t r i i bc r  4, r a n y  0.5 t o  09 i t icl ics l i c r  r i i i r iutc. 
W l i cc l  11e;ld lixx! . . . . .OOO 1 t o  .001 
M a x i m u m  angle tahle swivels 5 either side o l ' cent rc  l ine. 
Sire oi'cxtcrn:tl g r i r i t l i n ~  \vliccl I0 in ,, I i t ? .  

Mot -c  g c ~ ~ e r a l  f e a l ~ ~ r c \  ol' the rn;1cIiit1e 21-c : 

(0) T h e  lathe, d r i l l  and  n i i l l i ng  un i t  c:ln he opcl-;rted i~ i t l cpent le t i t l y  or  
simultanc(>usly. W l i c t i  oper:tting thc  uni\,ersnl g r inder  the 1:1tIie and  
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tlrill cal lno(,  t i l 'coursc. be cisctl hur the n i i l l i l ~ g  uni t  m a y  be, p r o v i d i n g  i ts  
o p e ~ - i ~ l i o n  c;) uses no apprecin b lc  v i  hrat ion.  

111) I ' h e  lathc a n d  m i l l i n g  ~ l i i i r s  :Ire drive11 b y  ;I single 0 h . p .  ~ i i o t o r  bu t  ;ip;lrt 
from this, they are con ip l c l c l y  i i rdcpcndent of each other.  Clutc l ics are 
providecl 011 b o t h  uni ts fo r  :l11 i n s t a i i t : ~ ~ i c o ~ ~ s  stop a n d  I-evcrsc, a n d  t o  the 
li-ctl m c c l i a n i s ~ i i  fol- 131-otcction. A l l  the n o r m a l  i ~ i ( c ~ - l o c l t s  are prouiclcd. 
AI, in ic rcs t ing 1'e;ltlire of tlrc m i l l i n g  [ ini t  i s  the s t rong  box cast ing 01' the 
o v c r ~ r i ,  w l i i c l i  i ~ ~ c o r p o ~ - : ~ ~ c s  a bu i l t - i l l  ver i ical  m i l l i n g  spi l idle ; ~ n d  thus 
proviclcs considcr:rhlc cleptlr hel\vccn tlrc vert ical spindle and  table, a 
lbalul-c i i ~ i o b t a i n a b l c  in t l ic  s t :~nt l :~~-d  moc l r i~ i cs  w l i i c l i  use t l ~ c  I ~ o r i ~ o l ~ l a l  
I ~ i e  l t i e  v e ~ t i c ~ l  ~ t c l i i i e ~ t .  . I I ie  ve~-( ie;~I  s p i ~ i d l c  1'. ( I r i v e i ~  f r o m  i h c  
m a i n  Ihol- i /o~rtal sl?indlc t l i r o ~ ~ g l ~  ;I gcal- clraiir. A salirty covcl- i s  lprovitletl 
11i- the l i o r i / o ~ ~ t ; ~ l  s ~ ? i l ~ c l l e  when t l ~ c  vert ical at tachment i s  in i ~ s c .  

I(.) ' I ' l ~ c  d l - i l l ing un i t  i s  gear d r i ven  h? :III i ~ i d e p : ~ ~ c l c r ~ t  moro r .  'IIi,; seal- 
changes ;\I-c b y  levers ancl sp:ccls can be selectctl i n s t a l ~ t l y  1.1-on1 tlrc 
1 1 1 s .  1-lie :ILI~O-feccl a n d  s~.nsitive cut- ins :ire a l l  i~ l ,cr :~ted 1'1-om i l i e  <anlc 
Ie\;e~-s ancl ;II.C cs t l -e~ne ly  sensitive. ' 

((1) 1-lie i~ l r ivcrsa l  g l - int l ing (Init h;~s i t s  own indepzncle~l t ly  r cc ip~ -c~c ;~ t i l i g  
[ab le  wh ich  gives th is un i t  I he  c o l l t i n l ~ e t l  accuracy i lsl lal ly associ;lted 
\\:it11 t l ic  st;lndarcl typi. o f  m ; ~ c l i i ~ i c .  I-or i l i c  gl-incling op-rl-ation, ( l ie  \ v l~ec l  
head i s  moclnted oil a speci ;~ l  cl-oss s l idc wl,icli i.; a l lac l led  l o  the hc i l  of' 
t l ic  I~r t l le .  T l i i s  cross sliclc i s  a c e ~ ~ r ~ r t c l y  pos i t io l icd  ovei- a ~ c r t i c i r l  clrivc 
f r o m  t l ic  f r o n l  0 1 '  the g l - inc l i~ ig  unit.  t h i - o ~ ~ g l i  \vl i ich t l l c  wlrecll iead lbccl 
i s  ohtainccl. f l ~ c  change oLcr f r o m  lat l ic  t o  g r i l ~ d e r  rakes ; ~ b o u l  10 
III~IIII~CS. hu t  C;II-C II~LIS~ he I ; \ ~ ~ C I I  11111 t o  t l ; ~ ~ l i i ~ g e  the I;~t l ie becl or c l - 0 5 ~  
slidc base by  cntrol?i>cd ' ch ip \  '. etc. A p : ~ r t  FI-OIII t l i c  :~sse~i i l? ly 01'  [ l ie  
\ \heel heai l  r l ie  opc l - :~ l i~ )n  ol' t l ie  mac l i inc  ~?~-oci.ecls esactly ;is ;I stal i i lar t l  
l>'pc. r l i e  \\,lice1 lreatl i s  i r ic lepcr~t !e i~t ly  r i iolor- <!I-ivci). :IS i s  t l ie  rcc ipro-  
ca l i i i g  i:ihle m o t i o ~ i  geal- bow. 

) 1 \ 4 0  i l l i ie~3cnt~c i r t  coolant  systemb :ii-c provicietl, one fo r  the lathe, mi l le r  
ant1 dri l l ,  and t l ie  o ther  fo r  the g r i ! i ( i i ~ i g  ~ ~ i r i t .  13otIr ~ i i i i t h  ; i~-e l ?~~ i l l  i r i to  
the C~hr i ca tcd  base ol '  t l i c  macl l inc.  81-c f l u i c l  t ight  i n  :I se;~\\;i), t111il 81-c 
c:rp;~blc o f  hei i ig  c l c a i ~ c d .  

( 1 )  I l ~ c r c  are se\ol i  mo to rs  littccl on i h c  l i i ;~chine.  c a i h    ill^ i l s  O\VII  ! , I I \~  
1111ttoii s \ \ i tc l i  co111roI ;11ic1 ~ O I I ~ ; I C ~ ~ I -  COIILI-~I ge;~r. .l ' l ic c o ~ ~ t i - i i l  g e t ~ r  1 5  

l i l t cd  011 ;In indepcntlent u i i i t  outsiclc the m;rcIiine. 

.Tl~ll,: L'Kl\'l,;l<S;\l. h l A ( ' F l I N l ~ ~  'SOOI.  ( S h l A l 2 I . )  

'l.lie de\.clopnient 11f t l ie smal l  mac l i inc  \\as allocatecl t o  Mc\ \ i -> .  A d c ~ ~ k  c! 

Sl~iplcq.  o l ' s l i  Sti-cet, 1-eiceste~-, a n d  171-o\,itlcs similal- uni ts t o  i l i o \ c  o i l  1lie l ;~ rgc  
m a c l i i ~ i c  hut o f  smaller capaci l ic \ ,  cl cl ail^ 01' \v l i ich arc : 

((1) S~II:/[I(,~~ .Y l i ( / i~~g ,S'('I.~II, ('r111i11g / ~ ~ . ~ , c ~ i s i ~ ! ~ i  1.01/11~ 

S\\ i ~ r g  o\ 'er het\ . . . . S in .  
1)ist;tnce bet\vecil cc11t1-c5 . . IS in .  
Sl>inclli. \pcccIs . . . .  N ~ ~ ~ n l > e i -  S. I I  5 X  I 1.010 pcl- 

l i i i l l ~ ~ r c .  
f< ;~ le i  0 1 '  l'ecil . . . . N ~ i m h c r  S, 1-;11iyc ,005 i n  t c i  .OIL) iii per  

I-CV. per minr i tc .  
Sei.eu ck1tti11g . . . . 3 1.p.i. t o  100 [ . p i .  a l i t l  cc{uiv:tlcnl ill 

m n i .  pitchcs. 



Hot-i /ont: l l  slpintllc 5p:ccih 
Ver!icirl spinclle hi?:ccls 
S l ~ i t i t l l c  cc11L1-c t o  i ; lhlc 
Sp in t l l c  centre t o  o\er;\rl11 

( 1 , )  / ) i ~ ; l l ; i l ~  , S l ~ ~ ~ / ; o i l  

M a x i m ~ l m  s i re 01' li111i: t l r i l lcci  
S;-iticllc t r ;~vcrhe . . . . 

D is tance i p i t i i l l c  t o  c o l u l n i i  l i ~ c c  
M:rxirnr1111 d i s t i t l ~cc  s p i ~ t i l l c  t o  

1:lhlc . .  . . . . 
S1i:'cti o l d l - i l l  s l ~ i n t l l c  . . 

w 0 i 1  1 I 1 c  l t i l l  . . 

18 ill , 7 ill 
I 0  i n .  

S!, ill. 
10-in. 

~11' s p i t ~ i l i c .  
N a m h e r  S, [range 4S t o  970 r e \ , . m i t ~ .  
Numhe l .  S ,  I-irnge 77 1 0  1,575 rc\ , ' tn in 
0 in. min. 10 in. r n a x i m ~ l n l .  
3: ill. 

l ? :  i n .  
N ~ t ~ i i l i e t -  (I, rt111yc 420 5.000 , 111itt 

I 2  it1 . 12 i n .  

7 ill. 
I 0  in. 
5 ill 



M ; ~ x i r n ~ ~ r n  height of \vhccl 
centre above  t;tblc . . 

Extct-nal whcel s(lceds . . 

Internal ~ I i e e I  speetls . . 

N u ~ n b e r  of workliead speeds 
liatigc OS worklieatl speeds . . 
T:thle traverse speeds . . 
Sire  of main gl-inding whccl . . 

Maximum :inglc t i~b lc  will 
snivel . . . . . . 45 clockwise: 15 anti-clockwise. 



-lFlie \\,liecl head is secured t o  the bed 01' i l i c  m a c l i i ~ i e  0 1 1  a special 
seating arirl w l i c ~ l  ill i h i s  posi i ion,  t l ie  motor- spindle can  he used for 
gericral s ~ i ~ ; l l l  t o o l  ;lnd twist drill gr ind ing.  

-1-lie gcner;l l Se;ttures o f  th is ~ n a c l i i n e  toc11 :lrc s i l i i i l ; ~ r  i o  the l;lrpcr one \v i l I i  
the S o l l o w i ~ l g  ni;lill dill'crcr~ccs : -  

( ( 1 )  T h e  d r i ve  t o  the 1;1iIic a t id  m i l l i n g  spindles i s  hy  ' V ' bc l is  1111-o11gI1 ;I 
countet-shaft.  Each spi l i t l lc i s  indcpendcnt (11' the ot1ie1- allcl eacli l ias i t s  
o w n  c l ~ t c l ~  dr ive.  I l i c s e  i tn i t \  :II-~ operatet l  b y  :I s i n ~ t l c  3 11.13. ~ i i o t o r  sited 
in [ l i e  base o l ' i l i c  l i r ac l l i ~ l c  : ; i l so  i l i e  clverarm i s  bu i l t  Sol- b o t h  Iiol-izont:l l 
;111ti v e ~ - i i c : ~ l  11iiIli11g. 

( h )  T l i e  d r i l l  1ic:ld i s  i ~ i d i v i d ~ l a l l y  mcltoI- dl-ivcn, thc six speeds be ing ; I I - I - ; I I I~~~~ 

b y  ' V ' h c l ~ .  

) I l i c  g l - ind ing wlieel l iead is secured directlq t o  t l ic  bed o f  i h c  la i l ie  and 
c t i ~ i t ~ e c t i o r ~  t o  the leecl cll-ice i s  b y  spur guar p in io l i .  T h i s  i s  a r n ~ ~ c h  
s impler  arrangement than i1i:lt aclopted i n  the large ~ i i a c l i i ~ l c .  T h e  k c d  
rnech:~t~ ism ol' I h c  wheel head i s  extremely sensitive ant i  w i t h  the special 
l inc  ac l jus t~ i icn t  contl-ol, can give a genuine I ~ 1 0 , 0 0 0  adval lce p e r  d i v i s i o ~ l .  
I h e  tahle 11-averse i o  t l ~ c  grinclcl- i s  inclepi'nclently m o f o r  t l r i v c ~ i  i l l r o u g h  

a l l  i n l i n i t c l y  \,:11-ialile unit,  ad jus tmet i i  i o  wh ich  earl he t i iade \vli i lc t l i c  
t;lhlc i s  wol- l t ing. 

( ( 1 )  Indcpendcnt  s ~ ~ d s  ;lntl uoda systems 1i;tvc been pt-ovidctl  bu t  i n  i h i s  
~ i i ; ~ c l i i ~ i e  t l i e ~ ~  i s  ;I c o ~ i i l i i ~ ~ i  11-ay, ;111cl t o  ; l \ .oid i i i i x i t ig  t l ie  t\+,o separate 
coolants.  :I h;rll type c l iangeo\er dt-ain va l \ c  i s  provic lcd u l i i c l i  operaies 
~iricr-(I s \ \ i tchcs fitie:l i n  lhl: c i l -cui l  ol' t l ie  coo lant  mo to rs .  T h e  coolant  
tanl,s at-e f i t ted at cacl i  end o f  t l ie  h;~sc 01' the machine and  can easily be 
I - c m ~ ~ v c t i  i ~ r  cleaning.  - I h c  haye oS [ l i e  rnircli inc i s  o f  i;lbl-icatetl col l ' ; t l -~~c- 
l i o n  an t i  ~ L I  ;ill the \\viltrlres. c o ~ i t ~ i c l  gcar ailcl cer ta in  of i h c  
i ~ c c c s s ~ ~ ~ i e s  

I3otli maci i ines h a \ e  beell p rov i t l c t l  i ;I c o ~ i i p r c l i e ~ l s i v c  rarige ol' ;icccs- 
\or ics w l ~ i c l i  n iay  he I-etlucctl o r  at i t lct l  t o  ;l.; cxpc r i c~ ice  d i c t : ~ t c \ .  T o  l' <1~111t;lte .. 
this, t l ie  machines have heen designed t o  ~ l t i l i r c  st i~rrd;~rc l  f i t t ings. T l i e  hayonc l  
[ ) p c  hacl, l 1 1  I I t c i i t e  I I i  l i e  i l i i s  e~isur-es accul-acy o\ ,c~- 
;l11 extended pel- iot l  o f '  I l \e ;Ind. i n  t l ic  cahc 01' t l ie  lar-ge machine. en:rhlcs a n  
e;rsicr clian:zc over w i t h  t i le  heavier 1 ) ' [ 7 ~  c l i ~ ~ c k s .  

I<eSerr-ing t o  t he  cr i ter ia ~ l i c r i t i o ~ i c t l  aho\e .  i t  ca l l  he stated tv i t l i  c i~ r i l i dencc  
that  nearly a l l  have bee11 ~ i i e t .  IJnivcl-sal gl-i l lcling i s  t l ic  o n l y  ac t ion \\hicl1 
neecls t l ic  m;lcli i l ic t o  be quiescent, t i i  av t l id  the wel l  k n o w n  s l io l - icoming of an) 
grint lel- i t s  srlsccp:ibility t o  vibt-at ion. -1.0 o l l i e t  tl i is, liowcver-, i t  i s  hoped 
tI1;1t t l ie  lic;~\,ier b o d y  castings \\ill i i i ip; lr t  gre;ltel- r i g id i t y  tIi;111 that  I 'ou~ l t i  011 

t l ie  exist ing slanclar-d machines, \vIien ~ ~ s e t l  on bo;trd s l l ip .  T h i s  r ig i t l i t y  h:rs 
.;Jiown "17 r c ~ i i a r k a h l y   ell dui-ing tr ials i o  diltc, i r t ld there i s  vcr-y l i t t le  v i b r i l t i ~ ~ i  
e w l i  i f  l h c  l ;~t l ic, miller- a l i t i  dl-illin!; i ~ n i t s  :!I-c L I S C ~  at the sarile tirne. 

I t  i s  h(ipi.d 111 s;lvc about 50 pet- cent OS t l ic  f loor  are;l ~ ~ s u : i l l y  recl~riret i  1'01- 

the i n t l e p c ~ i d c n t  m;lcliines ~ v l i i c l ~ ,  togetlies w i l h  sotiie s : ~ v i ~ i g  i n  weight on A.C.  
cur rent  shi[>s, f o r  \vhicli i l i e  PI-ototypcs \\ere spcci;llly ticsigneel. shou ld  g o  a 
lolig way  t o  give clIicie111 se l f -main lcna~icc  \ \ i t l i i n  i h c  resl r ic tct i  s p , ~ " .  I ccs 11ou 
:~ l l oca ted  
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