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COMMERCIAL I N  CONFIDENCE 

Any p a r t  or  p a r t s  of t h i s  document b e a r i n g  resemblance t o  any paper  or  papers  w r i t t e n  is a c c i d e n t a l  and 

i s  no t  in t ended  t o  i n f r i n g e  any copyr igh t .  

INTRODUCTION 

The C e n t r i f u g a l l y  spun c a s t i n g  was developed by F. W. S tokes  a t  h i s  Foundry i n  Mansfield,  

Nottinghamshire,  as near a s  t h e  r e c o r d s  can show t h e  year  was approximately  1911. He f i r s t  developed t h e  

sp inn ing  technique u s i n g  a c e n t r e  l a t h e  f o r  t h e  purpose (FIG 11, t h e  o b j e c t  was t o  g i v e  a  c l o s e r  g ra ined  

c a s t  i r o n  and ensure  g r e a t e r  w e a r a b i l i t y  a s  opposed t o  s t a t i c  c a s t  i r o n  b e a r i n g  an open g r a i n  s t r u c t u r e .  He 

amalgamated w i t h  Sheepbridge i n  t h e  e a r l y  1920 's  and became known as Sheepbridge Stokes  Limited. 

Manufacturing growth was s w i f t ,  b u t  t h e  design of c y l i n d e r  l i n e r s  used i n  combustion engines  remained 

t h e  same throughout  t h e  y e a r s  up t o  t h e  war pe r iod  o f  1939. Very l i t t l e  change, i f  any, had taken p lace .  

Even up t o  t h e  p r e s e n t  t ime t h e  de te rmina t ion  o f  s u r f a c e  f i n i s h  q u a l i t y  o f  c y l i n d e r  bores  has been a mat t e r  

of i n d i v i d u a l  concern o f  va r ious  Engine B u i l d e r s  and t h i s  paper is  intended t o  por t r ay  t h e  v a r i o u s  e lements  

involved i n  t h e  p rocess  of producing a s u i t a b l e  s u r f a c e  t e x t u r e  and t h e  consequences o f  such s u r f a c e s  r o r  

t h e  b e n e f i t  o r  d e t r i m e n t a l  e f f e c t  i n  an  eng ine ,  t h i s  process  and its f u n c t i o n s  are p r a c t i c a l  f o r  both  p e t r o l  

and d i e s e l  eng ines .  The u l t i m a t e  o b j e c t  is t o  produce a  s u r f a c e  f i n i s h  g i v i n g  a  s u i t a b l e  o i l  r e s e r v o i r  

Which w i l l  minimise t h e  n e c e s s i t y  o f  a running i n  pe r iod ,  and wi ths tand  f u r t h e r  r ap id  wear under load .  

I t  was thought  i n  those  pioneer  years t h a t  a s u r f a c e  o f  very high smoothness, f r e e  from s c r a t c h e s ,  was 

the  i d e s 1  s u r f a c e  f c r  a p i s ton  and r i n g s  t o  perform i t s  necessary f u n c t i o n .  Se izu res  were ccmmonplace, 
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more emphas is  wqs p laced  on m a t e r i a l  a n a l y s i s  t o  enab l e  t h e  g r a p h i t e  s t r u c t u r e  t o  promote t h e  r e q u i r e d  

l u b r i c a t i o n  and o b v i a t e  meta l  t o  meta l  c o n t a c t  between t h e  machined s u r f a c e s  than  t a  assist  t h e  a i d  of 

machine t o o l s  f o r  t h i s  purpose.  

Two eminent  e n g i n e e r s  B. J. Abbott  & F. A .  F i r e s t o n e  i n t roduced  a pape r  i n  1933 Spec i fy ing  S u r f a c e  

Q u a l i t y  by d e f i n i t i o n  t h e  'Abbot' o r  ' b e a r i n g  area curve ' ,  b u t  t h e  i n fo rma t ion  g iven  was somewhat i gno red ,  

probably due t o  t h e  f a c t  t h a t  measur ing  t echn iques ,  neces sa ry  t o  e v a l u a t e  such s u r f a c e s ;  had n o t  p rog re s sed  

s c i e n t i f i c a l l y  t o  meet t h i s  requi rement .  He l ix  a n g l e s  of o i l  r e t e n t i o n  g rooves  were non-exis tant .  

T h i s  method con t inued  u n t i l  t h e  i n t r o d u c t i o n  o f  t h e  Ta lysu r f  1 by T a y l o r ,  Tay lo r ,  Habson, i n  1942 t o  

measure t h e  C e n t r e  Line Average IC.L.A.1 v a l u e s .  Cons ide r ing  t h i s  was a major  s t e p  i n  t h e  development 

of s u r f a c e  t e x t u r e ,  no f u r t h e r  improvements appea r  tc have been made u n t i l  t h e  e a r l y  1960 's  and i n  scme 

Cases t o  t h e  P r e s e n t  da t e .  Thumb n a i l  compar isons  from v i s u a l  a i d s  such  as  Rugger t e s t s  was t h e  n e a r e s t  

one cou ld  e x p e c t  i n  t h e  e a r l y e v a l u a t i o n  p e r i o d s  (FIG 2) .  I t  i s  now r e a l i s e d  a C.L.A. f a c t o r  i n  its own 

r i g h t  is i n s u f f i c i e n t  d a t a  t o  d e s c r i b e  a s u i t a b l e  c y l i n d e r  bo re  s u r f a c e  f i n i s h .  

FOHEWORD 

So f a r  as  we a r e  aware no-one has  g iven  a c o n c i s e  h i s t o r i c a l  su rvey  o f  t h e  s u r f a c e  t e x t u r e s  of  c y l i n d e r  

bo re s  used i n  combustion engines ,  a l t hough  o f  course, r e f e r e n c e s  t o  i t  are t o  be found i n  most t e x t  books 

and pape r s  w r i t t e n  by v a r i o u s  i n s t i t u t e s  and eng ine  b u i l d e r s .  I n  t h i s  paper I w i l l  develop  a p r a c t i c a l  

a p p r a i s a l  of surface f i n i s h e s  from t h e  ncn  s p e c i f i c s  of the  e a r l y  1 9 4 0 ' s  t o  t h o  p r e s e n t  day h i g h e r  

t e c h n l l s g y  demands, never l o s i n g  s i g h t  3f t h e  eng inee r ing  requirel. 
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My r e a l  i n v e s t i g a t i o n s  i n  t h e  s u r f a c e  f i n i s h  o f  c y l i n d e r  l i n e r  borps  came about  when s t u d y i n g  

engines  wi th  s c u f f e d  c y l i n d e r  bores .  S u r f a c e s  from t h e s e  c y l i n d e r s  were examined u s i n g  a po la r i zed  l i g h t  

source  and found t o  c o n t a i n  non-metal l ic  i n c l u s i o n s  (FIGS 3 & 4 1 .  To f u r t h e r  i n v e s t i g a t e  these  non-metal l ic  

i n c l u s i o n s ,  samples  were viewed by an E l e c t r o n  Scanner  Microscope which, i n  t u r n ,  r evea led  d i f f e r i n g  s o u r c e s  

which could be  a t t r i b u t e d  t o  s c u f f i n g .  

It was then  decided to  examine s u r f a c e s  produced by d i f f e r e n t  honing t o o l s ,  namely Ceramic and Diamond 

i n  con junc t ion  w i t h  Rubber and Cork. 

Talysurf  t r a c e s  were taken from t h e  base  honing of a  Ceramic t o o l .  Thus r e v e a l i n g  peakiness  which cou ld  

s c o r e  p i s t o n s  and r i n g s  d u r i n g  a running i n  pe r iod  IFIG 51. The use o f  Rubber andcork  t o o l s  removed t h e s e  

peaks and c r e a t e d  a p l a t e a u  s u r f a c e  l e a v i n g  s u f f i c i e n t  v a l l e y s  t o  g i v e  a s u i t a b l e  o i l  r e t e n t i o n  (FIG 61. 

From a  g r a p h i c a l  t r a c e  i t  appeared t o  be an i d e a l  s u r f a c e  t o  e n a b l e  a  p i s t o n  and r i n g s  t o  pass  ove r ,  bu t  under 

examinat ion by t h e  E l e c t r o n  Scanner Microscope fo lded  metal  was r evea led  IFIG 71. 

Next u s i n g  Diamond t o o l s ,  t o r n  and fo lded  m e t a l  was very much a p p a r e n t  IFIG 8 ) .  Using Rubber o r  Cork 

t o o l s  t o  remove t h e  peaks revealed a f o l d i n g  o v e r  of t h e s e  peaks s i m i l a r  t o  ceramic t o o l s .  These would 

n a t u r a l l y  break o f f  d u r i n g  t h e  i n i t i a l  running- in  of an  engine,  do g r e a t  damage t o  t h e  p i s t o n  and r i n g s  

and a l s o  t o  t h e  b e a r i n g s  where t h e  same o i l  came i n  c o n t a c t .  

We were  s a t i s f i e d  t h a t  Ceramic t o o l s  gave t h e  b e s t  r e s u l t s  when p e r t a i n i n g  t o  t o r n  and folded m e t a l s ,  

b u t  a t  t h e  same t ime ,  a f t e r  u s i n g  Rubber or  Cork t o o l s  t o  remove t h e  peaks ,  t h e  E lec t ron  Scanner Microscope 

had revea led  t h a t  as w i t h  Diamond t o o l s  t h e r e  was evidence of f o l d i n g  cver. 
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From t h e s e  e x e r c i s e s  i t  was e s s e n t i a l  t o  f i n d  a  method o f  removing t h e  peaks and e l i m i n a t e  f o l d i n g  over .  

The nex t  move was t h e  u s e  o f  a f i n e r  g r i t  a b r a s i v e  t o o l  f o r  t h i s  purpose.  The r e s u l t s  were very encouraging 

both  from t h e  t a l y s u r f  t r a c e  and t h e  E l e c t r o n  Scanner  Microscope. 

The topography u s i n g  t h i s  method gave a  c u t t i n g  e f f e c t  f i n i s h  t o  t h e  p l a t e a u  and minimised f o l d i n g  o v e r  

(FIGS 9 & l o ) ,  t h i s  be ing  d i s t i n c t  from a smooth p l a t e a u b y  us ing  Rubber or  Cork t o o l s .  Th i s  f i n e r  c u t t i n g  

a c t i o n  on t h e  p l a t e a u  s u r f a c e  enabled r i n g s  t o  bed w i t h  t h e  c y l i n d e r  w a l l s  i n  t h e  running-in pe r iod ,  i n s t e a d  

of promoting a  g l a z i n g  e f f e c t  which is  a p p a r e n t  from t h e  very smooth p l a t e a u  produced by Rubber o r  Cork t o o l s .  

Engine performance w i t h  l i n e r s  produced i n  th i smanner  has  so  f a r  proved e x c e p t i o n a l l y  s u c c e s s f u l ,  f o r  running 

i n  and o i l  consumption. 

Having ach ieved  t h e  c o r r e c t  p l a t e a u  s u r f a c e  my thoughts  c e n t r e d  around themany v a r i a b l e s  i n  o u r  p roduc t ion ,  

n o t  n e c e s s a r i l y  on t h e  p l a t e a u  s u r f a c e ,  a l though  t h i s  was a f f e c t e d  s l i g h t l y ,  t h e  main v a r i a b l e  was i n  t h e b a s e  

honing. I examined t h e  o p e r a t i o n s  p r i o r  t o  honing,  i . e .  F ine  b o r i n g  o r  Rough honing and checked t h e  amount 

of s t o c k  l e f t  f o r  t h e  f i n a l  honing t o o l s  t o  remove. Th i s  v a r i e d  c o n s i d e r a b l y  and viewing from n t a l y s u r f  

t r a c e  t h e  v a r i a t i o n  i n  s t o c k  removal gave a  v a r i a t i o n  i n  t h e  f i n i s h e d  p i e c e  a f t e r  honing (FIG 11 1. The i d e a l  

cond i t ion  would be  t o  remove t h e  machining marks o f  t h e  pre-honing o p e r a t i o n  t o  t h e  bottom of  t h e i r  v a l l e y s  

and a t  t h i s  t ime c r e a t e  t h e  s u r f a c e  f i n i s h  r e q u i r e d .  I t  is a p p r e c i a t e d  t h i s  is r a t h e r  d i f f i c u l t  because t h e  

pre-honing o p e r a t o r s  r e q u i r e  a  working t o l e r a n c e ,  excess ive  s t o c k  t o  be removed c r e a t e d  a g l a z i n g  up of t h e  

honing t o o l s  and a f f e c t e d  t h e  f i n i s h  r equ i red .  By s e l e c t i o n  of s i z e s  and f i n i s h e s  p r i o r  to honing I was 

a b l e  t o  c r e a t e  c o n d i t i o n s  t h a t  gave r e p e a t a b i l i t y  a t  the honing o p e r a t i o n ,  t h i s  is a o s t  important .  
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The hardness  o f  honing t o o l s  p lay a s i g n i f i c a n t  p a r t  n a t u r a l l y ,  i n  t h e  manufacture of the  s u r f a c e  t o  be 

produced. We were committed t o  t h e  t o o l  manufac lu re r s  regarding t h e  q u a l l t y  of t o o l s  supp l i ed ,  having no 

means whatsoever o f  checking t h e  q u a l i t y  u n t i l  I came i n t o  con tac t  w i t h  t h e  manufacturers  o f  Grindo-Sonic i n  

June 1979, t h i s  equipment w i l l  measure t h e  hardness  o f  a honing t o o l .  The f i r s t  s e t  o f  honing t o o l s  measured 

were from a complete box from one manufacturer  and found t o  cover t h r e e  g rades  o f  hardness ,  i n  t h i s  case 

120 p o i n t s  of t h e  Grindo-Sonic readings  ( 4 0  p o i n t s  represented one g rade  hardness  (FIG 121. S e l e c t i n g  t h e s e  

t o o l s  from one end of t h e  hardness range t o  t h e  o t h e r  and grouping them i n t o  10 p o i n t s  o f  t h e  Grindo-Sonic 

reading,  from t h e  s o f t e r  end o f  t h e  range on ly  15  components were honed and from t h e  harder  end of t h e  range 

900, bu t  i n  each  case  it was found t h e  honing t o o l s  wore down equa l ly  w i t h  each o t h e r .  Previously  uneven 

wear was t a k i n g  p lace  wi th in  one s e t  o f  t o o l s .  Th i s  was a major breakthrough i n  t h e  use o f  honing t o o l s .  

NOW every honing t o u l  t h a t  comes i n t o  o u r  f a c t o r y  is graded and grouped i n t o  10 po in t  Grindo-Sonic 

readings ,  t h e  honing o p e r a t o r s  a r e  e n t h u s i a s t i c  wi th  the  a s s i s t a n c e  t h a t  has  been given t o  them. We a s  

manufacturers are a l s o  de l igh ted ,  t h i s  h e l p s  t o  keep b e t t e r  c o n t r o l  o v e r  s u r f a c e  f i n i s h e s  g iv ing  b e t t e r  

r e s u l t s  and l o n g e r  l i f e  from the  honing t o o l s .  

We can now cla im two major breakthroughs :- 

11 Pla teau  Honing producing a minimum of folded metal ,  

21 Base Honing g iv ing  r e p e a t a b i l i t y ,  

During t h e  course of t h i s  s tudy  i t  had been observed t h a t  the  t a l y s u r f  t r a c e  showed evidence o f  a 

spur ious  v a l l e y  n o t  ev iden t  t o  the  naked eye (FIG 131. This  v a l l e y  or  s c r a t c h  mark, having no p a t t e r n ,  







could not be from the honing tool. The next step was to cut-out a section of liner with the mark and view 

under the Electron Scanner Microscope at a higher magnification. It revealed an openness of material, 

(FIG 1 4 )  and one large hole IFIG 151. The stylus point on the camparater was able to drop into this hole and 

identify it as a spurious scratch. 

Even if you moved the piece very slightly the stylus would find it difficult to locate the scratch 

again. Howeuer,curious with the findings we searched deeper, increased the magnification on the Electron 

Scanner Microscope to 3,000 times and was amazed with what it revealed, crushed and crazed material (FIG 161, 

f~ightening to a degree, but realised this must have been happening throughout the years in the manufacture 

of cast iron cylinder liners. Believing it was the honing tools that was creating this crushed material 

condition, we made numerous changes with pressure, coolants, feeds and speeds, but to no avail. On each 

occasion when viewing on the Electron Scanner Microscope at 3,000 times magnification the same results 

appeared, crushed metal. The fine baring operation gave the same effect and in the first cutting operation 

Which is applied to a casting this crushed metal is initiated IFIG 1 7 ) ,  machining further material of 

appPOximately 0.25 mm by fine boring and subsequent honing crushed metal is still apparent. May be it is 

something we cannot remove, and is of no detrimental consequence to an engine. 

Further, Engine Manufacturers consider that the Graphite Flakes outcropping to the machined bore surface 

have been either closed or rolled over due to the machining process. Counts of these closed and rolled over 

Graphite Flakes have been made along the machine surface and at varying depths below thet surface throughout 

the micro sectitn, these counts have proved that away from the machined surface similar amounts of clcse3 











and r o l l e d  f l a k e s  a r e  v i s i b l e ,  t h e r e f o r e ,  i t  must be discounted t h a t  t h e  machining process  is t h e  prime 

f a c t o r  i n  c r e a t i n g  t h i s  cond i t ion  (FIG 18) .  

If we can recap  on t h e  works o f  Abbott  & F i r e s t o n e  when we s a i d  t h a t  no measuring ins t rument s  were 

a v a i l a b l e  a t  t h a t  time t o  measure t h e  parameters  they had int roduced.  We had, through t h e  yea r s  i n  t h e  

c y l i n d e r  l i n e r  b u s i n e s s ,  thought t h e  c y l i n d e r  bore  had t o  b e a v e r y  smooth f i n i s h ,  t h e  s l i g h t e s t  s c r a t c h  

would be r e j e c t .  Now i t  is  a s e r i e s  o f  s c r a t c h e s  throughout t h e b o r e w i t h  d i f f e r e n t  parameter measurements 

t o  e s t a b l i s h  c o n t r o l  o f  t h e s e  s c r a t c h e s .  

Sea rch ing  through t h e  a rch ives  from t h e  commencement o f  c y l i n d e r  l i n e r  manufacture we could no t  f i n d  any 

drawings which r e l a t e d  t o  a s p e c i f i c a t i o n  i n  bore  s u r f a c e  f i n i s h .  I n d u s t r y  recommenced a f t e r  t h e  war y e a r s  

i n  1945, dur ing  t h a t  y e a r  I found f o u r  drawings from d i f f e r e n t  customers,  t h e  f i r s t  one s t a t e d  smooth s u r f a c e ,  

similar t o  what we had been producing dur ing  a l l  t h e  yea r s  o f  manufacture,  t h r e e  o t h e r s  i n d i c a t e d  a C.L.A. 

Value (Cen t re  Line Average) t h i s  was new to u s ,  we had no ins t rumenta t ion  t o  measure i t .  However, we found 

a s c r a t c h  l i k e  ins t rument  which one could move manually on t h e  s u r f a c e  backwards and forwards.  The d i s p l a y  

needle  d id  t h e  same r e a c t i o n ,  backwards and forwards ,  and i t  was l e f t  t o  t h e  i n d i v i d u a l  t o  assess what C.'L.A 

Value they had i n t e r p r e t e d .  

The nex t  s t e p  was when Rank Taylor  Hobson - Measuring Ins t rument  Manufacturers  improved t h e i r  development 

f u r t h e r  and r e l a t e d  t o  R t  Values (Roughness T o t a l ) .  Seeing compl ica t ions  a r i s i n g  from these  types  o f  parameters  

I  decided t o  i n v e s t i g a t e  more deeply i n t o  t h e  measurements of C.L.A. Values and r e a l i s e d  t h a t  a number of 
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d i f f e r e n t  forms cou ld  be  e v a l u a t e d  and a l l  g i v e  t h e  same C.L.A. Value, some looked r a t h e r  r i d i c u l o u s ,  b u t  

n e v e r t h e l e s s  w i t h o u t  s u p p o r t i n g  evidence from a n o t h e r  parameter  a  C.L.A. Value i n  its own r i g h t  is  u s e l e s s  

(FIG 1 9 ) .  I then  looked a t  t h e  R t  Value, t h i s  a g a i n  i n  i ts own r i g h t  is a u s e l e s s  f a c t o r .  Numerous ways 

of l o o k i n g  a t  t h e  R t  Value can g i v e  t h e  same r e s u l t ,  o r  a t  l e a s t  t h e  same d i r e c t  r e a d o u t  (FIG 20). I dec ided  

t o  look a t  t h e  Rz, t h i s  can be known i n  two t y p e s  :- 

a )  The Rz I.S.0 which is  a t e n  p o i n t  h e i g h t  parameter  (FIG 21) .  i t  is  measured o v e r  a  s i n g l e  sampl ing  

l e n g t h  and an  ave rage  of s e v e r a l  peak v a l u e s .  Numerical ly ,  i t  is  t h e  ave rage  h e i g h t  d i f f e r e n c e  

between t h e  f i v e  h i g h e s t  peaks and t h e  f i v e  lowes t  v a l l e y s  w i t h i n  t h e  sampling l e n g t h s .  I t  is 

t h e  measurement t h a t  we recommend t o b e u s e d ,  a g a i n  v a r i a t i o n s  can t a k e  p l a c e  which can be  r a t h e r  

mis l ead ing .  

b )  The Rz D . I . N .  method is an ave rage  roughness  dep th  (FIG 221 i n  f i v e  s e q u e n t i a l  measur ing l e n g t h s ,  we 

c o n s i d e r  t h i s  t h e  b e s t  average method o f  measur ing a  s u r f a c e  f i n i s h .  The Rz D . I . N .  f a c t o r  is  good, 

b e t t e r  i n  o u r  view than Rz I.S.0 and g i v e s  e x c e l l e n t  guidance shou ld  you r e q u i r e  c o n t r o l  th roughou t  

t h e  works  on i n s t a n t  r eadou t  i n s t r u m e n t s ,  when t h e  product ion methods have been e v a l u a t e d .  

I would s u g g e s t  t h e  o i l  r e s e r v o i r  is t h e  pa ramete r  t h a t  should be used i n  t h e  f u t u r e  t o  e s t a b l i s h  t h e  

runn ing  s u r f a c e  of a c y l i n d e r  l i n e r  bore .  I r r e s p e c t i v e  o f  whatever  parameter  is  mentioned, and t h e r e  a r e  

many, they  a r e  found confus ing  and c r e a t e  problems t o  t h e  Manufactur ing Uni t .  I have a l r e a d y  e x p l a i n e d  some 

of t h e  problems, which a r e  shown i n  t h e  C.L.A and t h e  R t  parameters  and have s a i d  t h e  Rz D . I . N .  pa ramete r  is t h e  

b e s t  t o  e v a l u a t e  a s u r f a c e ,  bu t  even t h i s  has  i:s l i m i t a t i o n s  and can a l s o  be confus ing  (FIG 2 3 ) .  













The one pa ramete r  r emain ing  a f t e r  a l l  t h e  o t h e r s  have been changed due t o  runn ing  i n  and wear is t h e  

o i l  r e s e r v o i r ,  which i n  my o p i n i o n  is  t h e  most i m p o r t a n t .  

When t h e  e n g i n e  commences its f u n c t i o n  w i t h  t h e  p i s t o n  moving a l o n g  t h e  b o r e  s u r f a c e ,  e a c h  pa ramete r  

immediate ly  and p r o g r e s s i v e l y  changes a s  wear  t a k e s  p l a c e .  T h i s  change o c c u r s  ve ry  r a p i d l y i n  t h e  i n i t i a l  

runn ing  i n  of a n  e n g i n e ,  u n t i l  t h e  b e a r i n g  area s u r f a c e  is  around 60%. A t  60%, u n l e s s  something abnormal 

h a s  t aken  p l a c e ,  n o  f u r t h e r  major  wear s h o u l d  t a k e  p l a c e  f o r  some c o n s i d e r a b l e  time. What we must know i s  

t h e  amount of o i l  c o n t a i n e d  i n  t h e  remain ing  v a l l e y s  from 60% t o  100% b e a r i n g  a r e a  Ian Abbot & F i r e s t o n e  

parameter  r e f e r r e d  t o  e a r l i e r  i n  my t a l k )  t h i s  v a l u e  never  changes th roughout  t h e  l i f e  o f  t h e  runn ing- in  

pe r iod .  A f t e r  60%, n a t u r a l l y  i t  w i l l  g r a d u a l l y  l e s s e n .  I r r e s p e c t i v e  o f  t h e  pa ramete r s  e n g i n e e r i n g  have 

adopted t o  u s e ,  t h e u l t i m a t e  is t o  e v a l u a t e  t h e  amount o f  o i l  l u b r i c a t i n g  t h e  r i n g s  and p i s t o n s .  

t h e  most i m p o r t a n t  v a l u e ,  coupled w i t h  i t  of  c o u r s e ,  t h e  Rz D . I . N .  Value and t h e  p l a t e a u  topography. These 

a r e  t h e  t h r e e  p a r a m e t e r s  n e c e s s a r y  t o  c o n t r o l  t h e  s u r f a c e  f i n i s h  o f  a c y l i n d e r  b o r e  used i n  combustion e n g i n e s .  

The i n i t i a l  development  s t a g e s  of d g t e r m i n i n g  t h e  o i l  r e s e r v o i r  was r a t h e r  l a b o r i o u s ,  a l l  t h e  s l i c e  

l e v e l s  were  p l o t t e d ,  a t r i a n g l e  e v a l u a t e d  t o  rough ly  c a l c u l a t e  t h e  o i l  r e s e r v o i r .  I t  was n o t  a  comple te  

Volume, some of t h e  o i l  r e s e r v o i r  was m i s s i n g  from each  s i d e  o f  t h e  t r i a n g l e  (FIG 2 4 ) .  Having taken a new 

measuring i n s t r u m e n t ,  t h e  Home1 T20, Hommelwerke were asked i f  they  c o u l d  manufac tu re  a  micro-chip t o  f i t  

i n  t h i s  e n a b l e  t h e  o i l  r e s e r v o i r  t o  b e  c a l c u l a t e d  a t  any % b e a r i n g  a r e a  we wish  t o  ca l1 , lF IG 25) 

A f t e r  many c a l c u l a t i o n s  and d i s c u s s i o n s  w i t h  Hcmmel, t h e  c h i p  m a t e r i a l i s e d ,  was t e s t e d  and c o r r e c t l y  e v a l u a t e s  
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f u l l y  t h e  volume o f  o i l  a v a i l a b l e  i n  mm3/cm2 a t  any pe rcen tage  b e a r i n g  a r e a  r e q u e s t e d .  The t r a v e r s e  l e n g t h  is 

1 0  m m ,  we need t o  e s t a b l i s h  a 30 dimension o f  1 0  mm to complete  t h e  e q u a t i o n  cm2. T h i s  can b e  r e q u e s t e d  from 

t h e  i n s t r u m e n t ,  b u t  what one must remember is t h a t  t o  c a l c u l a t e  a measurement o f  10 mm i n  dep th  is  t o  assume 

t h e  honing p a t t e r n  is t h e  same c o n f i g u r a t i o n  rh rcughou t  t h i s  dep th ,  s i m i l a r  t o  how one would vlew a sci'ewpd 

t h r e a d .  T h i s  is n o t  e x a c t l y  f a c t u a l  because t h e  honing p a t t e r n  can va ry  i n  form throughout  t h i s  10 cm, however 

s l i g h t l y .  On e x p e r i m e n t a l  work t h e  c y l i n d e r  bore  c i r cumference  is d i v i d e d  i n t o  1 0  sect ions ,  approx imate ly  e q u a l ,  

1 0  t r a c e s  1 0  mm i n  l e n g t h  x 1  mm i n  dep th  are recorded  t o  g e t  a b roader  o u t l i n e  on t h a t  p a r t i c u l a r  s u r f a c e .  

T h i s  t o  o u r  knowledge is t h e  on ly  ins t rument  i n  e x i s t a n c e  t h a t  can g i v e  t h i s  in fo rmat ion  o f  bore  s u r f a c e  

f i n i s h e s ,  and we a r e  c o n f i d e n t  t h a t  t h e s e  w i l l  be  t h e  pa ramete r s  t h a t  w i l l  b e  used i n  t h e  n o t  too  d i s t a n t  f u t u r e  

World-Wide. 

E a r l i e r  i n  t h i s  paper  I made r e f e r e n c e  t o  t h e  u s e  o f  Diamond S t o n e s  and t h e  d e t r i m e n t a l  e f f e c t  they  had i n  

an  eng ine ,  we have r e c e n t l y  made some i n t e r e s t i n g  d i s c o v e r i e s  i n  t h r e e  p a r t i c u l a r  e n g i n e s  - One P e t r o l  and Two 

D i e s e l ,  t h e  p e t r o l  e n g i n e  used i n  one o f  t h e  most  famous sa loon  cars i n  t h e  world ,  i s  produced by Diamond T o o l s  

f o r  t h e  Base Hone and Rubber o r  C o r k  t o o l s  t o  produce t h e  p l a t e a u  ( F I G  26) .  One o f  t h e D i e s e l e n g i n e s  is produced 

i n  t h e  same manner, t h i s  eng ine  had a t e s t i n g  f a i l u r e  r a t e  o f  40%. It is now 5% (FIG 2 7 ) .  F u r t h e r  t e s t s  a r e  

t a k i n g  p l a c e  u s i n g  Diamond Tools  f o r  t h e  BaseHone and S i l i c o n  Carbide Too l s  t o  produce t h e  p l a t e a u .  The t h i r d  

eng ine ,  a  d i e s e l ,  had been f i n a l  honed u s i n g  a S i l i c o n  Carbide s l u r r y .  The manufac tu re r s  o f  t h i s  p a r t i c u l a r  

method c la im t h e  s i l i c o n  c a r b i d e  impregnat ion i n t o  t h e  Sore s u r f a c e  e n a b l e s  t h e  eng ine  to r u n  w i t h  l i t t l e  o r  

no o i l  consumption. Viewing t h i s  p i e c e  on t h e  E l e c t r o n  Scanner  Microscope t h e r e  was g r e a t  d i f f i c u l t y  i n  
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l o c a t i n g  even s m a l l  p a r t i c l e s  of S i l i c o n  Carb ide  ( F I G  28 ) .  What d i d  s u r p r i s e  us  was t h e  porous l i k e  appearance  

of t h i s  s u r f a c e  d i s p l a y i n g  ve ry  rough and f o l d e d  m e t a l  ( F I G  2 9 ) .  N e v e r t h e l e s s  t h e  o i l  consumption and 

performance i n  t h i s  p a r t i c u l a r  eng ine  is v e r y  encourag ing .  

Could i t  be 2 5 , y e a r s  ago when we f i r s t  used Diamond Too l s  t h a t  had we P l a t e a u  Honed a t  t h a t  t ime 

would we have found a d i f f e r e n c e  i n  t h e  performance i n  an  e n g i n e .  I f  t h i s  method, u s i n g  Diamond Too l s  

f o r  t h e  Base Hone and S i l i c o n  Carbide Too l s  f o r  t h e  p l a t e a u  is  s u c c e s s f u l  t h e  manufac tu r ing  u n i t s  w i l l  

f i n d  a b i g  d i f f e r e n c e  i n  e n s u r i n g  r e p e a t a b i l i t y ,  r e c e n t  t e s t s  have proved t h i s  is a  good working s u r f a c e .  

F u r t h e r  Engine T e s t i n g  is  c u r r e n t l y  b e i n g  under t aken  and we a r e  c o n f i d e n t  o f  s u c c e s s .  

TO a s s i s t  US t o  e v a l u a t e  mare a c c u r a t e l y  t h e  c y l i n d e r  b o r e  s u r f a c e ,  we a r e  now a b l e  t o  look a t  t h e  

s u r f a c e  i n  a t h i r d  dimension,  u s i n g  t h e  Hommel T20S measur ing ins t rument .  A maximum o f  1 5  t r a c e s  can be  t aken  

a t  whatever  s p a c i n g s  one would c a r e  t o  choose:iO d i f f e r e n t  pa ramete r s  a r e  e v a l u a t e d  d u r i n g  each t r a c e  and t h e i r  

v a l u e s  s t o r e d  i n  t h e  i n s t r u m e n t ' s  memory. When t h e  l a s t  t r a c e  has  been t a k e n ,  a l l  t h e  v a l u e s  a r e  ana lysed  by 

t h e  i n s t r u m e n t  and a  p r i n t  o u t  is  g iven ,  d i s p l a y i n g  t h e  ave rage  pa ramete r  r e a d i n g s  and t h e i r  r anges  ( F I G  3 0 ) .  

Having t h e  advan tage  o f  t h i s  broad spectrum,  we can,  by c a r e f u l  l o c a t i o n  marking, fo l low t h e  wear 

behav iour  th roughou t  t h e  c y l i n d e r  b a r e  l i f e ,  g i v i n g  f u r t h e r  knowledge t o  t h e  Engine Designer  i n  h i s  q u e s t  

f o r  b e t t e r  performance [FIG 311. 
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