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Ductile Cast Iron

M. M. HA LLETT, M.Sc., F.I.M . (Member)

Spheroidal graphite cast iron  depends for its good properties on the com plete replace­
m ent o f the weakening graphite flakes present in  norm al cast iron  by spheroids of graphite, 
w hich do n o t in te rru p t the con tinu ity  of the m etallic m atrix  nearly so sharply  as do the 
flakes o f graphite. T he  change in  graphite type can be m ade to coincide w ith  changes 
in  the m atrix  of the iron. I t  is thus possible to produce an  iron  w hich in  the “as cast” 
condition  combines a tensile streng th  of 40 tons per sq. in. w ith  three times the toughness 
of engineering cast iron. T he  same m aterial, annealed to  produce a ferritic m atrix , will 
show a tensile streng th  of about 32 tons per sq. in. w ith  an  elongation o f 10 per cent 
o r more. T h e  characteristic behaviour of a ductile m aterial is exhibited by the annealed 
iron  in  torsion and  com pression tests as well as in  tensile tests. In  fatigue, the endurance 
ratio  varies from  0'4 to  0 '5 , a value higher th an  th a t o f m ost h igh strength  cast irons, 
while the no tch  sensitivity is closer to  th a t o f m ild  steel.

T he spheroidal graphite struc tu re  is associated w ith  interesting physical properties. 
U nder conditions of good lubrication , the “as cast” m aterial m ay show a wear-resistance 
superior to th a t of grey cast iron, b u t the latter is better w hen lubrication  is poor o r 
lacking. Resistance to  heat is also im proved.

T h e  in troduc tion  of spheroidal graphite in to  austenitic iron  has sim ilar beneficial 
effects, doubling the streng th  an d  greatly increasing ductility. T h e  endurance ratio  in 
fatigue rem ains high.

In  the concluding sections, the production  properties are discussed from  the po in t 
of view of the foundry  and  of the m achine shop and  the probable lines of application 
of th is new fam ily of irons in  m arine engineering are considered briefly.

IN T R O D U C T IO N
D u rin g  the past three years a spectacular developm ent has 

taken place in  the field of cast iron , resulting  in  a range of 
m aterials w hich possesses considerable ductility  and  a tensile 
strength  exceeding th a t of m ild  steel. These irons have received 
such names as nodu lar iron , spheroidal graphite cast iron  and 
ductile cast iron. T h e  process is associated w ith  the add ition  
of one of tw o m etallic elements, either cerium  or magnesium . 
T he  cerium  process was first described by M orrogh  and  
W illiam s1 and the m agnesium  process by G agnebin, M illis and 
P illing .2 Since the original papers, there has been a flood of 
inform ation , varying in  reliability, describing both  the p roduc­
tion  and  the properties o f the resulting  products. T he  purpose 
of the present paper is to  review the situation  in  the ligh t of 
the au th o r’s ow n experience an d  to  provide a practical sum m ary 
of the in form ation  o n  the characteristics of the irons, paying 
particu lar a tten tion  to  those properties likely to  be of interest 
to  the m arine engineer. W here possible, original experimental 
evidence is furnished, an d  is supplem ented by published data.

T he  in form ation  is confined to  iron  treated by the m ag­

nesium  process. T h is  is because the m agnesium  process is 
easy to  app ly  in  the found ry  and  can be m ade to  w ork on 
norm al types o f cast iron  m elted in  the custom ary m anner 
in  cupola furnaces. T h e  cerium  process, on  the o ther hand, 
as stated in  the original description, necessitates the use of 
an iron  h igh in  carbon and  silicon and  unusually  low  in 
sulphur. S uch a com bination  cannot readily be achieved in 
the cupola and  it is necessary to  em ploy some special fo rm  of 
m elting, such as h igh-frequency induction  furnaces. W here 
this equipm ent is available, good nodu lar iron  can  be produced, 
b u t in  the present stage of developm ent the m ethod is of lim ited 
application.

M IC R O STR U C TU R E
I t  is desirable first to  consider the changes in  m icrostruc­

tu re  on  w hich the great im provem ent in  m echanical properties 
depends.

All grey cast irons con ta in  graphite w hich varies greatly 
in quan tity , in  size an d  in  d istribution . T ypical flakes of 
graphite in  a norm al soft grey iron  casting are show n in  Fig. 1,
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Plate 1, at a m agnification of 100 diameters. I t  is apparent th a t 
th e  graphite flakes seriously in te rru p t the continu ity  o f the 
m etallic m atrix  and  offer an  easy p a th  for fracture, as the strength 
of the graphite is negligible in  com parison w ith tha t of the 
m etallic m atrix . I t  w ill also be noted tha t the ends of the 
graphite flakes tend  to be sharp, providing a large num ber 
o f sites for severe stress concentration th roughout the material. 
Im provem ents in  the m echanical properties of cast iron  were 
effected ten to  tw enty years ago by reducing the quan tity  of 
the graphite and  by decreasing the size and ensuring  an  even 
distribution  of the flakes. T he  result was a series of high duty 
cast irons w ith  tensile strengths ranging from  about 18 to 
about 28 tons per sq. in. T he  m agnesium  process, however, 
leads to the complete elim ination of the norm al graphite flakes 
and  to  the substitu tion  fo r them  of graphite spheroids, as 
illustrated in  Fig. 2, P late 1, at the same m agnification as used 
in  Fig. 1. T he  im provem ent in  the continu ity  of the metallic 
m atrix  is obvious. In  addition  to  greatly increasing the length 
of the m etallic bridges extending from  one piece of graphite to  
the next, the spheroids of graphite do no t introduce the points 
of stress concentration  characteristic o f flake graphite.

T he  graphite spheroids can be com bined w ith  any form  
of m etallic m atrix , b u t it  is likely tha t m ost of the dem and 
will be for one o f tw o conditions. T he  first is th a t illus­
tra ted  in  Fig. 3, P late 1, at 650 diam eters magnification, where 
the m atrix  is entirely pearlitic, while the o ther is th a t show n in 
Fig. 4, P late 1, where the m atrix  is entirely ferritic. T he pearlitic 
m atrix  is characteristic of the iron  in  the “as cast” condition, 
while the ferritic m atrix  is a ttained by annealing, usually a t a 
tem perature of about 725 deg. C. for fou r to  sixteen hours, 
depending on  circumstances. O ther types of m atrix  consisting 
partly  of pearlite and  partly  of ferrite, or entirely of m artensite, 
austenite o r the so-called acicular structure, can be readily 
achieved, each conferring its characteristic properties.

T he actual level of m echanical properties achieved depends 
to  a considerable extent on the perfection o f the graphite 
structure. I t  is very easy indeed to  produce structures in 
w hich, fo r example, half o f the graphite is in  the form  of 
spheroids and half is in  the form  sometimes referred to  as 
“quasi-flake graphite” . F o r the purpose of this paper, the 
use of the term  “spheroidal graphite cast iron” is intended to 
convey th a t a t least 80 per cent of the graphite (preferably 
a t least 90 per cent) is in  the form  of spheroids. T h is  degree 
of perfection can be readily achieved by careful m etallurgical 
contro l, b u t the figures quoted below are thoroughly con­
servative. T he use o f the term  “ductile cast iron” should be 
restricted to  the m aterial in  the annealed condition , when it 
shows appreciable ductility.

M E C H A N IC A L  P R O P E R T IE S
Tensile tests

T he characteristics of the two m ajor types can  best be 
understood by considering the norm al stress-strain curves 
obtained in  the course of a tensile test. T w o typical curves 
are given in Fig. 5 w hich also includes a com parison curve 
on  a m edium  strength  flake graphite cast iron  and  the detailed 
m echanical properties obtained on  these test pieces are quoted 
in Table 1. In  the “as cast” condition  the m aterial shows a

T a b l e  1— M echanical properties o f specimens giving the stress- 
strain curves show n in Fig. 5

Grey cast Spheroidal graphite iron

Limit of proportionality, tons 
per sq. in.

0 1  per cent proof stress, tons 
per sq. in.

Yield point, tons per sq in....
Maximum stress, tons per 

sq. in. ...
Elongation per cent ...
Reduction in area per cent ...
Modulus of elasticity, x  108lb. 

per sq. in.
Vickers diamond hardness ...

15-8

16-7
229

“As cast” 

140

31-5

37-0
1
1

2 4 0
296

Annealed

160

24-8
27-0

3 2 0
21
21

24 0
190

F i g .  5 — Effect o f heat treatm ent on stress-strain curves 
in tension

type of stress-strain curve different from  th a t o f norm al cast 
iron, in  th a t over a wide range of stress there is a close approxi­
m ation to p roportionality  between stress and  strain. A t very 
high stresses the curve does bend over as an indication  of 
som ewhat greater ductility , b u t fracture occurs w ith  a total 
elongation of only  about 1 per cent.

T he  annealed specimen, on the other hand , shows a stress- 
strain  curve very m uch  m ore like th a t of norm al m ild  steel. 
Again, there is an in itial period of elastic extension, followed 
by a gradual departure from  proportionality  and then a  definite 
yield point, after w hich a steady extension occurs under g radu­
ally increasing stress, persisting to  the po in t of fracture. Refer­
ring  to  Table 1, the lim it o f p roportionality  is about 15 tons 
per sq. in. in  each case, and  the m odulus of elasticity is also 
unaffected by the heat-treatm ent. T he  value of 24 x  10'lb. 
per sq. in. is considerably higher than  th a t o f th e  grey cast 
iron  at 16 x 106lb. per sq. in. T h e  annealing operation has 
lowered the proof stress and  the tensile strength  and  introduced 
a definite yield p o in t and  a definite elongation. Even in  the 
ductile condition  there is no necking of the specimen, reduc­
tion in  area being approxim ately the same as the elongation.

T he results quoted  are typical of those obtained in  p ro ­
duction.

T he two conditions cited differ sharply  in  their characteris­
tics, the “as cast” condition  conferring  properties sim ilar to 
those of a norm al grey cast iron , b u t at a m uch  higher level, 
while the annealed specimen has m any m ore of the characteris­
tics of m ild  steel o r malleable cast iron. In  the “as cast” state, 
the tensile strength  will vary from  35 to  45 tons per sq. in. 
and  the annealed m aterial w ill generally be between 29 and  34 
tons per sq. in., w ith  elongation ranging from  10 to  20 per cent.

Torsion tests
T he ductility  of the annealed m aterial is well illustrated 

100-

100 200 300
Angle o f  Twist -  Degrees

F i g .  6 — Typical stress-strain curve in torsion
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Plate 1

x 100
F i g . 1 — U netched. G raphite flakes in grey 

cast iron

x 100
F i g . 2 — U netched. G raphite spheroids in ductile  

cast iron

x 650
F i g . 4— Etched. Spheroidal graphite cast iron 

annealed

x 650
F i g . 3 — Etched. Spheroidal graphite cast iron 

“as cast”
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Fig . 7 (above)— Test piece after torsion test (approxim ately  
tw o-thirds fu ll size)

Fig . 9 ( le ft)— T in  coated spheroidal graphite cast iron 
(approxim ately 1J  fu ll size)
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by torsion tests. F o r  example, a specimen w ith  a parallel 
portion  0 '5 in . diam eter and 3'125in. between shoulders, was 
tw isted th rough  360 deg. w ithout fracture occurring. T he 
graph of th is curve, illustrated  in  Fig. 6, again  shows the 
yield p o in t and  the same sort of behaviour as in  the tensile 
stress-strain  curve. T he actual specimen, on w hich a stra igh t 
line was scribed before the s ta rt of the test, is illustrated  in  
Fig. 7, P late 2. F rom  the same bar a tensom eter test piece was 
prepared, w hich gave a yield p o in t of 25 tons per sq. in ., a 
m axim um  stress of 31 tons per sq. in ., an elongation of 10 
per cent and  a reduction  of area o f 13 per cent. F o r the 
results of these torsion  tests the w riter is indebted to  M r. W . E. 
W oodw ard of the D epartm ent of E ngineering of the U niversity  
of Cambridge.

Im pact tests
T he expression of im pact value in  cast iron  is a trouble­

some problem, as the o rd inary  Izod  im pact test piece in a 
custom ary flake graphite iron  gives extremely low values. F o r 
this reason, a 0 '798in. diam eter unnotched  im pact test piece 
was standardized in B.S.1349. O n th is type of test piece an 
engineering flake graphite grey cast iron  gives an im pact value 
of about 20ft.-lb .; the spheroidal graphite cast iron , even in 
the “as cast” condition , frequently  gives im pact values of over 
100ft.-lb., while the annealed m aterial is invariably unbroken 
after being struck w ith  the fu ll blow  of 120ft.-lb. T here has, 
therefore, been a tendency to  use either an unnotched  bar of 
0 '45in. diam eter o r even the norm al no tched Izod  im pact test 
piece, w hen testing the ductile m aterial. U sing  the unnotched  
bar, Braidw ood an d  Busby3 reported values of 12ft.-lb. for 
the “as cast”  m aterial and  52ft.-lb. for the annealed m aterial, 
corresponding to  about three times and  twelve tim es the im pact 
strength  of norm al cast iron. M ore recently, G ran t4 has quoted 
values fo r Izod im pact tests using  the norm al notched bar. 
In  the annealed condition  on m aterial of satisfactory m icro­
structure, values of 9 to  l l f t .- lb .  were obtained.

In  the au tho r’s experience, the im pact value is m ore depen­
dent on  the thoroughness of the annealing operation th an  are 
the o ther m echanical properties. Im pact values of 50 to 
75ft.-lb. are regularly determ ined on com pletely ferritic u n ­
notched 0 ’45in. diam eter bar samples and  up  to  13ft.-lb. on 
notched Izod im pact test pieces of the same m icrostructure, 
bu t if there are traces of residual pearlite due to  incom plete 
annealing, the values fall abruptly , particularly  the Izod im pact 
values. T he silicon con ten t is also im portan t and  the im pact 
value falls as the silicon con ten t rises, particu larly  above 3 
per cent silicon.

Fatigue tests
T h e  first data on  fatigue properties reported by G agnebin, 

M illis and  P illing2 indicated a fatigue streng th  o f 18'3 tons 
per sq. in. and  an endurance ratio  o f 0'43 on  the cast m aterial 
while in the annealed condition , a fatigue strength  of 16-5 tons 
per sq. in. and  an  endurance ratio  o f 0 49 were reported. T he 
m ost com plete account of experim ents on fatigue has been 
published by G ran t o f T h e  B ritish  C ast Iro n  Research Associa­
tion.4 T h is  w ork indicates a fatigue strength  of 16 to  18 
tons per sq. in. w ith  an  endurance ratio  of about 0 '38 in  the 
“as cast” condition , an d  a fatigue streng th  of 13 tons per sq. 
in., w ith  an endurance ratio  o f 0-43 to  0-46 in  the annealed 
condition. G ran t presents some interesting data on the relation 
between tensile streng th  and endurance ratio  in  cast iron. In  
all types of cast iron , there is a tendency for the endurance 
ratio  to decrease as the tensile streng th  increases, b u t the value 
of the endurance ratio  is m uch higher at a given tensile strength 
in  an iron  w ith  spheroidal graphite than  in  one w ith  flake 
graphite.

T here is practically  no  in form ation  on  the no tch  suscep­
tibility of nodu la r cast iron . O ne result on a bar w ith  a no tch  
of 0 05in. radius suggests a relatively small notch susceptibility 
(Eagan and  Jam es5), w hile G ran t4 quotes a few figures for 
cerium -treated nodu lar iron , in  w hich the ratio  was lowered 
from  about 0'5 on  a p lain  test piece to  about 0 '25 on  a  test

piece w ith  a 45 deg. no tch  of the Izod im pact test piece type. 
T h is  degree of no tch  susceptibility is greater th an  th a t of a 
norm al engineering grey cast iron  w ith  flake graphite b u t it 
m ust be borne in  m ind  th a t the tensile strength  of the latter 
is considerably lower. T h is  conclusion w ould  perhaps be 
expected, since the properties o f nodu lar cast iron  are in ter­
m ediate between those of grey cast iron and  of steel.

Compressive strength
T he behaviour of the spheroidal graphite cast iron  in  com ­

pression is parallel w ith  its behaviour in  tension and  torsion. 
G agnebin, M illis and  P illing6 have reported th a t in  the “as cast” 
condition , only a small p lasticity  is displayed and  the yield 
streng th  approaches m ore closely the u ltim ate strength . In  
the annealed or ductile m aterial, the yield streng th  is lower 
a t about 29 tons per sq. in ., while the u ltim ate streng th  is about 
55 tons per sq. in. I t  is interesting to  note th a t in  the ductile 
m aterial considerable w ork-hardening takes place. F o r  example, 
a specimen 0 '5in. diam eter x  0 '375in. h igh  was com pressed to  
a height of 0 '26in. w ithou t any signs of cracking. T h e  Vickers 
diam ond hardness rose from  185 before com pression to  215 
after compression.

C onsistency o f properties
In  all cast irons the m echanical properties tend  to  decrease 

w ith  increasing size of castings. Spheroidal graphite cast iron 
is no exception, bu t the am oun t of decrease is less th an  w ith  
m any o ther types of cast iron. T h e  m echanical properties 
w hich have been described above are typical of those obtained 
on  castings w ith  a sectional thickness o f 1 to  2in.

A t th is thickness, tensile streng th  values rang ing  from  
35 to  45 tons per sq. in. in  the “as cast”  cond ition  and  an 
average value of perhaps 40 tons per sq. in. m ay be expected. 
A fter annealing, the tensile streng th  will drop to 30 to  34 
tons per sq. in., and elongation values ranging  from  10 to 
20 per cent w ith  an  average of at least 12 per cent, w ill be 
obtained. O n test bars representing a section o f from  fin . 
to  f in . thickness, tensile streng th  values in  the “as cast” condi­
tion  usually  range from  40 to  50 tons per sq. in ., w ith  an  
average of about 45 tons per sq. in. T h e  im pact value seems 
to  be particularly  sensitive to  section. In  the annealed condi­
tion , the lin . to  2in. thick castings have an average value of 
about 35ft.-lb., while the f in . to  | i n .  castings average about 
60ft.-lb., bo th  determ ined on  the 0 '45in. diam eter unnotched 
bar. Results have been reported  in  the A m erican literature 
w hich, taken together, show tha t, even in  extremely large sec­
tions, the m echanical properties o f the spheroidal graphite cast 
iron  are well m aintained a t a value a t least double th a t of 
norm al grey cast iron. T h u s , in  a section of about 8in. dia­
m eter, a tensile streng th  of 30 tons per sq. in ., w ith  an elonga­
tion  of 10 per cent can be expected.

In  add ition  to  the effect o f the size o f the casting, the 
heat-treatm ent conditions play an  extremely im portan t p a rt

-d

Fig. 8— E ffect o f tim e o f annealing at 725 deg. C.
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in  contro lling  the final properties. T he annealing operation 
is usually carried o u t a t the relatively low tem perature of 725 
deg. C ., and  Fig. 8 gives the results o f determ inations on  a 
typical spheroidal graphite iron. T h is  figure, w hich helps to 
em phasize the essential differences between the “as cast” and 
the annealed conditions, indicates the relatively rap id  change 
in  the early stages of annealing, and the steady conditions 
atta ined  in  longer periods. Changes in the com position of the 
iron  w ill displace the curves in  one direction or another, but 
should  n o t a lter their general form.

P H Y S IC A L  P R O P E R T IE S  
I t  m ig h t be expected th a t the substitu tion  of spheroidal 

graphite fo r flake graphite w ould also have a p ro found  influence 
on the m agnetic properties and  the electrical resistance. T h is 
is indeed th e  case. Since the m aterial is usually  required in  
the m agnetically  soft condition , annealing is used to induce 
the ferritic  structure. T he  m axim um  perm eability then rises 
to  about 1,400 as against a value of about 450 for norm al flake 
graphite  iron. T h e  m aterial approaches saturation  a t  con­
siderably low er field strengths and  the coercive force is also 
reduced, a value o f 2 '0  having been quoted by Everest7 as 
against 3'3 fo r a flake graphite iron. T he electrical resistivity 
is also sharp ly  lowered, values of 57'6 an d  54 8 m icrohm s per 
cm. cube hav ing  been found  as against 106'6 for flake graphite 
iron . T h is  com bination  suggests possible applications fo r elec­
trica l purposes," such as the pole pieces of electro-magnets.

p r o p e r t i e s  d e p e n d i n g  o n  s u r f a c e  c o n d i t i o n  
I n  m any  cases the service perform ance of engineering grey 

cast iron  is influenced by the ou tcropping  of the graphite 
flakes on  a m achined  surface. T he  change from  flake graphite 
to  spheroidal g raphite has a p rofound  influence on those p ro ­
perties contro lled  by the flake outcrops.

H eat-resistance
O xidation  of cast iron  a t h igh tem peratures often p ro ­

ceeds by the preferential passage of oxidizing gases along the 
graphite flakes, so th a t the scaling extends relatively deeply 
in to  the iron. T he  m uch  shorter p a th  offered by the graphite 
spheroids im proves the resistance to  scaling. I t  has been 
reported  by G agnebin2 th a t at 870 deg. C . ductile cast iron 
behaved as well as a flake graphite iron  alloyed w ith  1 3  per 
cen t of chrom ium , the grow th of the specimen and  the depth 
of oxide penetration  being only one-sixth to  one-tw entieth of 
th a t of unalloyed iron  of otherwise sim ilar com position. A 
substantial decrease in  grow th a t 550 deg. C. and  a t 900 deg.
C. has also been reported  by K o,8 b u t in  th is case the unalloyed 
com parison sam ple differed greatly in  com position from  the 
spheroidal graphite sample.

Corrosion-resistance
U nder conditions o f m ild  acid attack, evolution of 

hydrogen takes place from  the graphite flakes w hich are cathodic 
to  the su rrounding  m atrix. Everest7 has show n th a t in  dilute 
hydrochloric acid and  sulphuric  acid at room  tem perature or 
slightly elevated tem perature, the spheroidal graphite iron  shows 
a great im provem ent in  corrosion resistance as com pared w ith  
flake graphite iron, though  the overall rates of corrosion are 
still very high. In  corrosion depending m ainly  on absorption 
of oxygen, the differences in  ra te  of attack  between spheroidal 
graphite cast iron  and  flake graphite cast iron  are probably not 
significant. Nevertheless, the fact tha t resistance to corrosion 
is likely to  be better under m ild  acid attack and  no t worse 
under other types of attack, indicates th a t there need be no 
apprehension w ith  regard to  the use of spheroidal graphite 
iron  in  m ildly corrosive conditions where flake graphite iron 
has been successfully employed.

Wear-resistance
One of the m ost valuable features of norm al flake graphite 

cast iron  is its self-lubricating capacity, w hich is a function  of 
the graphite. T he  m uch  greater areas of the m etallic m atrix

w hich are left relatively rem ote from  graphite in  spheroidal 
graphite cast iron  naturally  raises a doubt as to the ability of 
spheroidal graphite cast iron  to  ru n  in  contac t w ith  o ther 
m aterial or w ith itself as well as does flake graphite iron. 
Reports in  A m erican literature  have suggested tha t, under 
lubricated conditions, the wear-resistance of nodu lar iron  com ­
pares very well w ith  th a t of grey cast iron , and  th is is borne 
ou t by the rather lim ited service experience a t present available 
to the author.

A t the request o f the owners a set of p is ton  rings in  
spheroidal graphite iron  in the “as cast” condition  were 
installed in  N o. 2 cylinder o f the airless injection supercharged 
four-cycle H aw thorne-W erkspoor engine of m.s. Auricula , 
ru nn ing  on  boiler oil o f 3,500 secs, viscosity (Red. N o . 1 at 
100 deg. F.). T he p iston  was fitted w ith  five com pression 
rings and  one scraper ring , all in  the same m aterial. T he  
rings were of standard  type, 650 m m . diam eter and  21 m m . 
radial thickness. T h e  stroke of th is engine is 1,400 m m . and  
it operates at 114 r.p.m . A fter w orking fo r 6,195 hours, du ring  
w hich 4,127,550 revolutions were perform ed, the rings were 
rem oved fo r exam ination. T he  w orking surfaces were good, 
show ing only norm al very slight signs of scoring. T h e  radial 
w ear on the five com pression rings d id  n o t differ very m uch, 
and  averaged 1'29 m m . as com pared w ith  1 '85 m m . m ean wear 
on norm al grey iron  rings ru n n in g  at the same tim e in N o. 7 
cylinder. Expressed in  terms of m ean radial wear per 1,000 
hours, the figures were 0 208 m m . on  the spheroidal graphite 
iron  and 0 ’300 m m . on  the standard  grey iron. I t  was also 
found  th a t the wear on  the tw o cylinder liners (Nos. 2 and 7) 
was practically  the same. Subsequent microscopical exam ina­
tion  showed th a t 95 per cent of the graphite was in  the form  
of ra ther coarse spheroids in  a pearlitic m atrix . T he  Vickers 
d iam ond hardness was 273.

T h is  favourable result is n o t p u t forw ard as indicating  
th a t spheroidal graphite cast iron  is necessarily a  good p is ton  
rin g  m aterial under all conditions, bu t is in tended to  indicate 
tha t, where lubrication  is satisfactory, as in  the  engine con­
cerned, the wear-resistance of the “ as cast” form  of spheroidal 
graphite iron  is no t likely to  be m uch, if a t  all, in ferio r to 
th a t of norm al grey cast iron. T h e  au tho r is indebted to  M r. 
John  Lam b, O .B.E. an d  T he  A nglo-Saxon Petroleum  Co., L td ., 
fo r their k ind  co-operation in  carry ing o u t these tests, and  in 
providing detailed inform ation on  wear rates.

U n d er conditions of dry  loading, G agnebin and his col­
leagues6 have studied the resistance to  galling by oscillating a 
cylinder against an  annu lar ring  under a load increasing w ith  
each oscillation. T hey  showed th a t the pearlitic spheroidal 
graphite iron  appeared to  be rather better in  resistance to  galling 
th an  norm al grey cast iron, and  even the annealed m aterial 
did n o t suffer m uch  more.

O n the o ther hand, some tests under v irtually  unlubricated 
conditions w hich were k ind ly  carried ou t fo r the au th o r by 
M r. J. A rno tt of G. an d  J. W eir, L td ., d id  no t fu lly  support 
th is conclusion. In  these tests a small rectangular specimen 
was reciprocated across a large rectangular specimen under a 
load of 2001b. per sq. in. a t a speed of 160ft. per m inute. 
T he to tal swept area was 7 sq. in., and  the stroke was 3 Jin ., 
the du ra tion  of the test being 100,000 double strokes. F o r 
these tests the lubrican t was boiling w ater since it  was desired 
to  im itate the conditions arising  in  boiler injection pum ps. 
T ests were carried o u t on an  o rd inary  grey cast iron , on  “ as 
cast” spheroidal graphite cast iron  and  on  annealed spheroidal 
graphite cast iron. T he  results are given below, the w ear being 
expressed in  each case as a loss in thickness calculated from  
losses in  w eight: —

Loss in thickness/inches 
Material Condition Small specimen Large specimen

Grey iron ... ... “As cast” 0 002 0 0004
Spheroidal graphite

iron ... ... “As cast” 0-015 0 0007
Spheroidal graphite

iron ... ... Annealed 0 032 0 0026

A fter the conclusion of the tests the grey iron  specimens
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appeared sm ooth an d  polished, the “as cast”  spheroidal graphite 
iron showed slight scoring, whereas the annealed spheroidal 
graphite iron  showed severe scoring and  heavy wear, the test 
having to  be discontinued after only  20,000 double strokes.

These figures suggest that, while “as cast”  spheroidal 
graphite cast iron  m ay function  perfectly satisfactorily under 
norm al lubrication, care should  be taken before applying the 
annealed material under conditions in  w hich lubrication  is 
virtually absent.

Surface coating
Flake graphite iron  is usually  regarded as troublesom e to 

coat w ith tin  and  the process is avoided in  practice. M ethods 
for im proving the tin n in g  capacity of cast iron  have been 
worked ou t and  a fused chloride treatm ent has been described 
by Cresswell.9 Follow ing  some very prom ising indications in 
an  industria l application , three samples were subm itted to  the 
T in  Research In s titu te  fo r treatm ent by them . One sample 
was tinned  direct o n  to  the fine tu rned  surface, while the 
second was shot blasted p rio r to  the tinn ing , each being passed 
th rough  the fused chloride treatm ent. T he  th ird  was pickled 
and  tinned  in the conventional way w ithout fused chloride 
treatm ent. T he coating  of all three appeared to be satisfactory, 
though  the first tw o were superior to  the th ird , as w ould  be 
expected. T he  im proved ability to  take a  tin  coating  show n 
by these three sam ples is illustrated  in  Fig. 9, P late 2. T h e  sub­
ject is difficult to  pho tograph , b u t the illustration  does give some 
idea of the perfection of the surface. I t  is particu larly  in ter­
esting to  note th a t even w ithou t the fused chloride treatm ent, 
the th ird  sam ple is clearly better th an  w ith  a norm al cast iron. 
Sim ilar conclusions are to  be expected from  o ther form s of 
plating  operation, e.g., nickel and  chrom e plating , though  these 
processes have already been im proved so m uch  th a t norm al 
cast irons can be handled satisfactorily.

A U S T E N IT IC  IR O N  W IT H  S P H E R O ID A L  G R A PH IT E  
T he examples quoted  above have all been on  low alloy 

m aterial w ith  a pearlitic o r ferritic  m atrix . By the addition  of 
large am ounts of alloys, the m atrix  can be rendered austenitic 
while the iron  rem ains am enable to  the spheroidizing trea t­
m ent. T able 2 gives details of duplicate m echanical test results 
obtained o n  an  iron  o f this type in  tw o conditions (1) “as 
cast” an d  (2) after heating to  1,000 deg. C. fo r one hour and  
cooling in  air. T h e  latter treatm en t is designed to  break dow n 
free carbides w hich often occur in  iron  of th is type. T he  com ­
position of th is m aterial (“N i-R esist”) is approxim ately 2 '7  per 
cent carbon, 1 per cent m anganese, 14 per cent nickel, 7 per 
cent copper and  2 per cen t chrom ium , w ith  low phosphorus 
and  sulphur.

T a b l e  2 — Properties of “N i-R esist” w ith  spheroidal graphite
Air cooled

“As cast” 1,000 deg. C.
Limit of proportionality, tons per

sq. in. 3-8 3-6 3-6 3-8
0'1 per cent proof stress, tons per

sq. in. 16-2 15-7 160 160
0-2 per cent proof stress, tons per

sq. in. 18-9 18-5 180 18-3
Maximum stress, tons per sq. in. 2 4 0 24-9 26-7 26-6
Elongation per cent 2-5 2-5 5 0 4 0
Reduction in area per cent 4 0 4 0 7 0 7-5
Modulus of elasticity, x  10“lb. per

sq. in. 21-3 2 1 0 20-6 20-3
Brinell hardness ... 177 179 176 179
Fatigue limit (reversed bending

— plain specimen) tons per
sq. in. ± 150 ± :12-5

T he  above results were obtained on m aterial supplied by 
the au thor, who is indebted to  M r. E. R. G add  of the Bristol 
Aeroplane Co., L td ., fo r perm ission to  publish  them . T he 
ductility  is a little low er th a n  w ould  have been expected (private 
inform ation  has indicated  elongation values u p  to  13 per cent), 
b u t the properties are interesting in  th a t they show a doubling

of the strength  of an  iron  w hich has a useful resistance to  
heat and  to  corrosion.

P R O D U C T IO N  C H A R A C TE R IST IC S
H ow ever good the inherent properties of a m aterial, it  is 

of no  interest to  the engineer unless it  can  be produced  in 
practice. Spheroidal graphite  cast iron  possesses m any of 
the desirable found ry  characteristics o f grey cast iron. I t  
requires only  the use o f norm al foundry  m elting  equipm ent. 
Its flu id ity  is satisfactory and  i t  can be cast w ith  a good skin. 
Careful m etallurgical contro l is required and , on  account of 
the h igh shrinkage, very careful a tten tion  is needed to  ensure 
the m ost econom ical gating  and  feeding practice, b u t, provided 
these facilities are available, sound  castings of a  h igh level of 
m echanical properties can  be regularly produced. As in  the 
case of any new  m aterial undergoing developm ent, consulta­
tion  between the engineer and  the founder in  the design stage 
will alm ost invariably save m uch  tim e and  effort later on.

M achinability  is generally good. I t  w ill already have been 
noted th a t in  the pearlitic state the hardness is h igher th a n  th a t 
of flake graphite irons. N o  difficulty w hatever is experienced 
in m achin ing  spheroidal graphite  cast irons w ith  a pearlitic 
m atrix  an d  a hardness approaching  300, as it  appears to  
m achine m ore easily th a n  flake g raphite  iron  of the same 
hardness. T oo l life is satisfactory, though  because of the high 
streng th  of the iron , the power consum ption  in m achining 
m ay be 40 per cent greater than  w hen m ach in ing  grey iron. 
I n  the annealed ductile condition  m achinability  is excellent and 
is superior to  th a t o f norm al cast grey iron. I n  bo th  condi­
tions a very sm ooth surface is left after m achining, having 
m uch  m ore the appearance of m ild  steel th a n  of sand cast 
grey iron.

P O S S IB L E  A PP L IC A T IO N S
T he applications of the new type of iron  in  m arine engin­

eering are likely to  fall in to  three m ajor fie lds: —
1. T hose in  w hich use is m ade o f its im proved shock- 

resistance.
2. T hose requ iring  high streng th  often  com bined w ith  

wear-resistance.
3. T hose in  w hich heat-resistance is com bined w ith  other 

properties, such as wear-resistance.
I t  is w ell-know n tha t, in  recent years, and  particularly  as 

a result of w ar-tim e experiences, the use of grey cast iron  has 
been abandoned in  m any applications because of the liability 
o f the castings to  fracture  by shock from  underw ater explosions. 
T ypical applications range from  large castings, such as engine 
bed plates, to  a variety of sm aller fittings. Instead  of cast 
iron, welded steel assemblies are w idely used, and  in  some cases 
tougher cast alloys have been employed. D uctile  cast iron  
should find a  definite field of app lication  in  m eeting these con­
ditions, in  view of its com bination  of satisfactory foundry  p ro ­
perties w ith  great toughness in  the annealed condition . Experi­
m ents are already in  hand, b u t it  is n o t possible yet to  provide 
any service data.

T h e  com bination  of strength  and  w ear-resistance, p a r­
ticularly  apparen t in  th e  “as cast” spheroidal graphite  iron, 
has already caused m uch  experim ental w ork to  be undertaken 
in  various engine com ponents; such parts  as crankshafts are 
an  obvious example. T he  higher m odulus of elasticity alone 
gives the m aterial a  great advantage over o rd inary  cast iron  
by prom oting  greater stiffness, w hile th e  good fatigue p ro ­
perties should give it am ple streng th  for m ost conditions.

W hat is a t first sight a slightly different application, bu t 
w hich probably calls for sim ilar properties, is th a t of propellers. 
T he  resistance to  cavitation erosion seems to  be dependent to  
some extent on the tensile strength  w hen com paring  alloys 
of a sim ilar type. O n th is basis the “as cast” m aterial should 
be advantageous an d  laboratory tests have tended to  confirm  
th is conclusion. T h e  greater shock-resistance should  reduce 
the incidence of tip  breakage, and  it is possible th a t th is aspect 
m ight be regarded as of prim e im portance, leading to  the 
use o f annealed m aterial.
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A lthough service data are lacking, one w ould im agine tha t 
the resistance of the iron  to  heat shock is good, and this m ay 
well lead to interesting possibilities in  the Diesel engine field. 
A t the m om ent the inability of grey cast iron  to  w ithstand 
m ore severe conditions o f com bined pressure and  heat shock, 
form s a definite lim itation  in  Diesel engine development. 
Spheroidal graphite iron  is a ttrac ting  atten tion  in  this field. 
A lready large pistons of 750 m m . diam eter have been cast 
and are undergoing service tests. N o t only is resistance to 
heat shock im portan t here, bu t the pistons m ust have good 
wear-resistance and be able to  m ain tain  the p iston  ring  groove 
dimensions. T he  therm al conductiv ity  of the spheroidal 
graphite iron  suggests some advantage over the m ore complex 
type of pistons involving heat-resisting steel heads and  cast 
iron  skirts.

All such applications take tim e to  develop, and it is the 
purpose of th is paper to provide the data on  w hich w ork may 
be initiated.
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Discussion
D r . A. B. E v e r e s t  said th a t he had very great pleasure 

in  opening the discussion on  the paper by M r. H allett, who 
was one of the pioneers in  cast iron  m etallurgy in  this country, 
and  in  particu lar one of the pioneers in  spheroidal graphite 
(or ductile) cast iron. H e w ould no t say a great deal about 
the subject m atte r of the paper except to  com plim ent the 
au tho r on  the m ost clear and  delightful w ay in  w hich he 
had presented his subject. T here were, however, one or two 
m inor points to  w hich he desired to  draw  attention. T he 
au tho r had referred to  the question of wear and  had quoted 
some com parative results on  spheroidal graphite and  ordinary  
flake graphite cast irons. T h e  speaker wished to  emphasize 
th a t these new cast irons could be m ade w ith  m any different 
m atrix  structures, and  th a t th e  wear resistance w ould vary 
greatly from  type to  type. Some o f the grades of spheroidal 
graphite cast iron  were giving excellent resistance to  d ry  wear, 
especially w hen it  was possible to  chill the  w earing face. T he 
example quoted  by the au thor should n o t be taken in  any 
way as ind icating  the general unsuitability  of the new iron  in 
service involving d ry  wear.

T he  au thor had  quoted figures show ing the properties of 
N i-R esist w ith spheroidal graphite. M any  of these properties 
were impressive, b u t since the date when the au tho r had  made 
his tests, a great deal m ore had  been learned about this grade 
of iron, in  particu lar on  the influence of copper. W hen 
copper-free com positions of N i-R esist were treated by the 
m agnesium  process, even better results could be attained and, 
in  particular, a m uch  higher ductility. F igures from  com ­
mercial p roduction  showed th a t a tensile strength  of 28 tons 
per sq. in. com bined w ith  an elongation of 15 per cent was 
easily achieved.

W ith  regard to  the uses of spheroidal graphite cast iron, 
it was well to  recall th a t th is new m aterial was very young. 
O ur knowledge of o rd inary  cast iron  and  its behaviour in  ser­

vice had been bu ilt u p  during  the past 150 years, bu t th is new 
iron  was invented only three years ago so th a t it was still 
in  the developm ent stage. W hen questions relating to  the 
behaviour of the iron  under different conditions were asked as, 
fo r example, w hen its behaviour as a Diesel engine liner 
m aterial was raised, the answer m ust of necessity be th a t data 
were being collected as fast as possible. T here was no short 
cu t to  service data, quick laboratory tests often  being, if any­
th ing , misleading and  enquirers could only  be asked to  await
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F ig . 10— Diagram show ing the properties o f S .G . iron in 
sections up  to 36 inch. T he  curves show  respectively Brinell 

hardness, tensile strength, yield po in t and elongation
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F i g . 1 1  (above)— F our-throw  crankshaft in S .G . iron— overall length 7ft. lin .,  journal
diameter 7 \-in .

B y  courtesy o f Cooper-Bessemer Corporation, M o u n t Vernon, Ohio, U .S .A .

F i g . 1 2  (right)— 5-ton  flywheel in  S .G . iron
B y  courtesy o f Escher W yss A .G ., Zurich, Sw itzerland
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Plate 4
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F i g . 1 3 — Part of oil burner in S .G . iron w ith  casting heads attached  
B y courtesy of M ario Pensotti, S .p .A ., M ilan , Ita ly

F i g . 1 4 — C entrifugaily cast S .G . iron pipe, after bursting tests on welded sections
B y  courtesy o f Lynchburg  F oundry C om pany, Lynchburg , Va., U.S.A.
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undertake service tests fo r themselves.
O f special interest from  the m arine p o in t of view was 

th a t in  the new iron  a m aterial was available com bining the 
corrosion resistance of o rd inary  cast iron , w hich was good, 
w ith  m echanical properties approaching  those of steel. In  
th is connexion, a typical application  of cu rren t interest was 
for heating coil pipes and  fittings in  oil tankers. O ne firm  
abroad had already equipped tw o or three ships w ith  such 
fittings made in  the new  iron  and  h igh  hopes were held fo r it, 
in  th a t it  w ould w ithstand  the jerks and  tw istings of the ship 
in  rough  weather, w hilst having the corrosion resistance of 
ordinary iron. In  th is application  o rd inary  cast iron  w as too 
weak, and steel had  a relatively short life, due to  rap id  corro­
sion, bu t w ith the new iron  it was expected to  obtain  four or 
five times the life.

T he speaker th en  showed some pictures of castings in  the 
new iron ; these were no t necessarily all castings for 
m arine service, b u t they were directly related to  m arine require­
m ents. T h e  pictures covered castings produced in  all parts 
of th e  w orld, interest in  the new  iron  being universal. T he 
first slide, F ig. 10, showed a diagram  ind icating  th a t the new 
iron was, if anything, less section sensitive th an  was ord inary  
cast iron, and th a t the new iron  m aintained its properties 
well, even to  the largest sections. T h e  diagram  showed the 
properties obtained in  varying sections u p  to  36 inches, and 
it w ould be noted  th a t in  all sections the properties were at 
least double those previously attainable in  o rd inary  cast iron  
under sim ilar conditions.

In  connexion w ith  engine castings, the au tho r had quoted 
some figures in  a paper presented to  th e  In ternational In ternal 
C om bustion Engine Congress* last M ay  w hich indicated the 
possibilities of the new iro n  for crankshafts. Fig. 11, P late 3, 
illustrated a crankshaft w ith  7J-in . diam eter journals in  S.G . 
iron  now  on  trial in  the U .S.A. Shafts u p  to  12 feet long w ith  
8 o r 10 inch  journals had now  been m ade and  were under test. 
I t  was too early to  say just how these shafts were going to  
behave, b u t the prelim inary  indications were very good indeed, 
and  im portan t economies were envisaged by their adoption  for 
crankshafts in  place of conventional forgings.

Fig. 12, P late 3, showed a 5 -ton  flywheel in  th e  new iron 
where it  could replace steel fo r interm ediate loadings.

T he  au tho r in  his paper referred to  propellers. T he  speaker 
did n o t feel happy  about his reference to  the annealing of 
these castings. T here  was clearly a practical difficulty in 
annealing large propellers and , fu rther, the prelim inary 
indications were th a t the as-cast condition  was to  be preferred 
to  the annealed state from  the po in t of view of resistance to  
cavitation erosion. I t  was likely th a t w ith  suitable contro l 
over com position, propellers in  the as-cast spheroidal graphite 
iron  w ould give good streng th  and  toughness at, of course, a 
fraction  o f the cost of ord inary  bronze propellers.

In  considering the new iron  fo r castings fo r steam 
engineering to  replace steel o r o ther metals, the question of 
creep assum ed im portance. Considerable tim e was involved in  
determ ining the creep properties of any m etal and unfortunate ly  
little data was yet available on w hich to  base any recom m enda­
tions as to  how fa r the new  iron  could  be used for super­
heated steam.

A nother useful p roperty  of the iron  w as its heat resistance. 
In  th is connexion it  was of value fo r furnace parts, tube sup ­
ports and  furnace doors and frames. I t  had  already justified 
itself fo r m any of these items and  had a prom ising  fu tu re  in 
this type of service. F ig. 13, P late 4, showed p art of an oil 
bu rner— an application typical in  th is field.

F o r Diesel engine heads, the new iron  had already proved 
itself m uch  superior to  o rd inary  iron  where heat cracking was 
troublesome. T h e  au tho r referred to  th is in  h is paper and 
recent test records showed increased life and  reliability fo r the 
spheroidal g raphite  iro n  as com pared w ith  the norm al type.

* “Cast Iron Crankshafts, with special reference-to Acicular and 
Spheroidal Graphite Cast Irons” . A. B. Everest. Congres Inter­
national des Moteurs, Paris, M ay 1951, Groupe IV— 1. See also 
“Foundry Trade Journal”, 6th December 1951, pp. 643-650.

dppucdLiuus m  w m cn tne new iron had  proved itself 
included ro ta ry  com pressor shells and  even fo r connecting 
rods on  reciprocating com pressors. I t  presented interesting 
possibilities fo r pum ps o f all types, particu larly  in  view of its 
success fo r pressure resisting castings. A lready the new iron  
had been accepted by L loyd’s and  associated authorities abroad 
for ships’ side fittings.

Fig. 14, P late 4, was of interest in  show ing test lengths of 
centrifugally  cast S.G . iron  pipe. As w ould  be noted, some of 
the sections included welds illu stra ting  the w eldability of the 
iron. I t  should  be particu larly  noted  th a t after pressure test, 
failure had  taken place at positions rem ote from  the welds and, 
fu rther, th a t the pipes had  split, like steel, instead of shattering, 
like cast iron.

O ther applications of in terest in  the m arine field included 
p arts  fo r w inches, hoists, dock fittings, such as bollards, etc., 
in  m any of these cases replacing steel.

In  passing, it  should  be noted th a t in  addition  to  its 
m any o ther un ique features, the new iron  had  show n a m easure 
of forgeability. T h is  was no t p u t fo rw ard  as o f im m ediate 
significance in  connexion w ith  m arine com ponents, bu t was 
m entioned as fu rther evidence of the ex traord inary  possibilities 
of the new iron.

M r . S. A r c h e r , M .Sc. (M em ber) said th a t the au thor 
had  presented a m ost useful survey of th e  properties of this 
highly interesting m aterial w hich had  been hailed as one of 
the m ost revolutionary advances in  iron found ing  in  o u r tim e, 
and m arine engineers, usually  chary  of sudden innovations in  
the m aterials they were used to  handling , should  be quick  to  
appreciate the potentialities of spheroidal graphite  cast iron.

I t  was noted th a t only the m agnesium -treated  process was 
considered in  the paper and  its advantages were clearly p o r­
trayed. I t  was understood, however, th a t in  the presence of 
certain  m etallic im purities w hich were no t uncom m on in  cast 
irons there m igh t be considerable difficulty in  ensuring  a 
spheroidal s truc tu re  using  the m agnesium  process, b u t th a t th is 
difficulty d id  no t apply to  the B ritish cerium -treated  process. 
C ould  the au tho r com m ent o n  th is?

T he  m ost obviously desirable characteristic of spheroidal 
cast iron  was, he though t, no t so m uch  its streng th  b u t rather 
its astonishing ability to  w ithstand  shock and  deform ation 
successfully. A fter all, there were p lenty  of good h igh streng th  
alloy irons capable of achieving tensile streng ths equal to  th a t 
of the “as cast” spheroidal iron , b u t to  be able to  obtain 
elongations of 10-15 per cent even a t the expense of a heat 
treatm ent process and  still re ta in  tensile streng ths com parable 
w ith  m ild  steel castings m ade th is new m aterial w orthy of the 
closest exam ination by m arine engineers.

T h e  au tho r had  referred to  the abandonm ent o f ord inary  
cast iron  in  recent years in  m any m arine applications on 
account of the dangers of underw ater explosion. Obvious 
examples were Diesel engine bed-plates, entablatures and 
scavenge tru n k s and  steam tu rb ine sta to r casings. In  regard 
to  the la tter the use of rig id /resilien t m ountings had been 
com m on practice in  certain  classes of w ar-tim e m erchant ships 
under bo th  fixed and  slid ing feet of the m ain  turb ines, and 
this, in  the absence o f adequate inspection and  servicing, had 
been found  to  result in  serious m isalignm ent in  one o r tw o 
cases, leading to  cracked gear cases and  frac tu red  claw -coupling 
teeth. T h e  supporting  of the fixed feet o f turb ines on o ther 
th an  solid chocks was fundam entally  undesirable and  it m ight 
well be th a t by careful design and  the use o f ductile cast iron  
adequate protection  m igh t be afforded to  the turbines w ithout 
the possible sacrifice of alignm ent. O ther applications w hich 
came to  m ind  were to  ships’ side fittings, sea connexions, etc., 
w hich were such a frequent source of trouble d u rin g  the late 
war.

O n the possible use of ductile cast iron  for crankshafts, 
a lthough lighter scantlings could be achieved in  the “as cast” 
condition , the advantages of higher ductility  and  im pact 
resistance weighed largely in  favour of the “annealed” m aterial 
even though  the wear resistance w ould be reduced and  despite 
the reduction  in  bending fatigue strength  from  about ± 17  t.s.i.
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to  about ±13 t.s.i. W hile there was some m erit in  increased 
stiffness for crankshafts of given dim ensions, it m ust no t be 
forgotten th a t the 50 per cent higher m odulus of elasticity 
of spheroidal cast iron  as com pared w ith  ord inary  cast iron  
w ould entail correspondingly higher bending fatigue stresses 
due to  m isalignm ent arising from  unequal w ear-dow n of m ain 
bearings. However, it  was probable th a t the higher fatigue 
strength  of the new m aterial w ould m ore th an  take care of this 
factor despite its higher no tch  sensitivity.

T o  facilitate torsional v ibration frequency calculations, it 
w ould be useful if the au thor could state the value of the 
m odulus of rig id ity , G , fo r spheroidal graphite cast iron.

I t  was rather a p ity  th a t no  direct experim ental evidence 
on the resistance of spheroidal cast iron  to  therm al shock was 
yet available since doubtless m any Diesel engine designers 
w ould welcome th is m aterial as a “heaven-sent” solution to  
the problem s of cracked piston heads and  cylinder covers and 
the possible benefits w ould, in  time, be passed on to  harassed 
superintendent engineers and  surveyors as an easement of 
their daily load. Since tim e was necessary before service results 
could be assessed, m igh t it  no t be possible to  devise a test 
m ethod w hich w ould sim ulate actual cylinder conditions bu t 
under greatly accelerated rates o f application of the  therm al 
shock?

C ould  the au thor give an  estim ate of w hat w ould be the 
highest tem perature at w hich spheroidal cast iron was likely to  
be used successfully under conditions of h igh pressure and 
superheat, th a t is, before it  w ould be necessary to  go to cast 
steel?

O n the subject of cavitation erosion in  cast iron  propellers, 
experim ental evidence to  date w ould seem to  suggest th a t 
spheroidal cast iron  m igh t prove beneficial m ainly by enabling 
lighter blade sections to  be used, thus avoiding cavitation itself, 
and incidentally, of course, carry ing  w ith  i t  the  prem ium  of 
higher efficiency.

Finally , could the au thor give an  estim ate of the com para­
tive present-day costs of an identical casting of sizeable dim en­
sions in  cast steel and in  spheroidal cast iron?

M r. R. N . R ic h a r d so n  (M ember) considered th a t this 
interesting paper had pain ted  rather too rosy a picture. H e 
was well aware th a t th is new m aterial was only three years old, 
and , of course, the aufhor could no t be expected to  deal w ith 
all the m ultitud inous aspects of it. H e him self had  no per­
sonal practical knowledge of nodular iron , bu t he was very 
m uch  interested in  the subject and  he w ould like to  ask the
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one)— w hy was nodular iron  m ade nodular?  A percentage of 
m agnesium  or cerium  was added to  grey cast iron. W e w ould 
like to  know  w hy th a t resulted in  nodularity .

H is second po in t had  been m ade already by a previous 
speaker. W as there any particu lar reason w hy the au thor had 
lim ited his rem arks to  the m agnesium  process and  had  not 
included the cerium ? H e was to ld— he did  no t know  w hether 
it was true  o r no t— th a t the m agnesium  process worked nine 
times ou t of ten, o r it m igh t be n inety-nine times o u t of a 
hundred , bu t the ten th  tim e or the hund red th  tim e it  d id  no t 
work, and nobody so far knew why. H e w ould  like to  know 
w hether th a t was true.

Furtherm ore, he was advised th a t there were advantages to  
be gained by using a com bination of the tw o processes. W ould  
the au tho r com m ent on  th a t po in t?  Some figures were given 
for the fatigue lim it in  the tw o conditions. C ould  they  have 
the equivalent corrosion fatigue lim it, by w hich he m eant the 
figures obtained in  salt w ater or salt spray?

One was often  to ld— and personally he had never know n 
how m uch au tho rity  was behind it— th a t there was a v irtue 
in  m ain tain ing  the original skin of grey cast iron. H e w ould 
like to  know  w hether th a t was tru e  and  w hether there was 
any particu lar v irtue in  m ain tain ing  the original cast skin of 
nodular iron.

T h e  previous speaker had referred to  deform ation on 
annealing. I t  had also been m entioned th a t superior properties 
could be obtained by quenching and  tem pering. H e im agined 
th a t the deform ation resulting w ould  be pre tty  serious, b u t he 
w ould like some fu rth er inform ation  on th a t point.

F inally , the au tho r had  referred to  cavitation erosion resis­
tance and  its  relationship to  the tensile streng th  of a m aterial. 
H e th o u g h t he had  stated th a t cavitation erosion varied directly 
w ith  tensile strength. In  his ow n view th a t was n o t correct, 
o r no t always o r necessarily correct. Perhaps the au th o r w ould 
enlarge on  the subject.

M r. A. F . E v a n s  (M ember) asked w hether spheroidal 
graphite cast iron  was, in the opinion of the au thor, likely to  
find a large place in  crankshafts and  in  general engine struc­
tures.

M ajor  G en era l  A. E . D a v id s o n , C .B ., D .S .O . (M ember) 
asked about the m achining properties of the  new material. 
Could it be m achined a t a higher cu tting  speed w ithout detri­
m ent to  the surface condition?

Correspondence

M r . E. V. M a th ia s  considered th a t the au thor of the 
paper had  given an excellent review of the properties of 
spheroidal cast iron  and had presented a very clear picture 
of the advantages of th is new m aterial over those of norm al 
grey cast iron. W hen one studied the figures th a t had been 
presented it was evident th a t they had a readily cast m aterial of 
great promise.

A m atter w hich perhaps called fo r some com m ent was the 
au tho r’s suggestion th a t the use of the term  “ ductile cast iron” 
should be restricted to  m aterial in  the annealed condition. T h is 
distinction  between the “as cast” and  annealed irons had been 
followed in  the text, b u t it w ould be noted th a t the title of 
the paper w hich dealt w ith  bo th  these types was “D uctile Cast 
Iro n ” . In  keeping w ith  th e  au thor’s proposal, a m ore appro­
priate title  w ould  have been “ Spheroidal C ast Iro n ” , bu t 
the au tho r had wisely avoided the use of such a cumbersome 
expression. O ne w ondered, therefore, w hether the simpler

expression w ould in  fact suffice for both  these irons. T he  term  
“ductile”  was, o f course, no t stric tly  tru e  fo r th e  “as cast” 
iron , bu t w hen standard  specifications were draw n u p  fo r these 
irons it should be possible to  solve the difficulty by grading, 
as was now done fo r grey iron  castings to  B.S. 1452. U n til 
such tim e as a suitable B ritish  S tandard  became available, 
however, it  w ould  be appreciated if the au th o r could  give some 
guidance to  materials engineers who m igh t w ish to  specify 
either o r both  of these spheroidal irons. A t present, if pearlitic 
iron  were required fo r w ear resistance it  w ould  be necessary, 
presum ably, to  specify “as cast spheroidal cast iron” .

O ne very im portan t po in t w hich the au tho r had  discussed 
was the effect of section thickness. W hile th e  streng th  level, 
in  com m on w ith  o ther cast irons, w ould be expected to  fall 
w ith  increasing thickness, it  was gratify ing to  no te  th a t satis­
factory  values had been obtained on section thicknesses o f 
about 8 inches. In  th is connexion, however, it w ould be
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interesting to  know  w hether in  the au th o r’s opin ion any change 
in  the spheroidal shape of the graphite w ould  be expected in  
practice w ith  the very slow rates of cooling w hich m igh t be 
encountered in  large castings.

A  m atter w hich naturally  arose ou t of the paper was the 
possibility of m aking practical use of the appreciable ductility  
of the annealed iron. W hen required, it should be possible 
to  deform or bend the m aterial either in  the cold o r the ho t 
condition. I f  this could  be done readily, fo r example in  pipe 
alignment, it  w ould be a very real advantage in  shipbuilding. 
T he au thor’s views on  th is aspect w ould  be appreciated.

W ith  regard to  the w ear resistance of spheroidal cast iron  
it was probable tha t, o ther factors being constan t, a difference 
in  graphite form  was of less im portance th a n  th e  to ta l area 
of the graphite exposed. In  the case of the A nglo-Saxon 
Petroleum  C om pany’s tanker m.s. A uricula, the  favourable 
results obtained so fa r were given in  the paper. These trials 
were still proceeding and  it w ould  be interesting to  see in  due 
course w hether the good behaviour of the spheroidal iron  rings 
was m aintained. I t  was suggested th a t the results obtained 
m igh t be due partly  to  the greater hardness of the spheroidal 
iron  com pared w ith  th a t of the norm al grey iron , and  it w ould 
be useful to  have the au th o r’s com m ents on  th is  point.

A brief statem ent regarding present day costs w ould  add 
to  the value o f the discussion. F o r a fa ir com parison, costs 
should be based on  castings of equal streng th  and  no t equal 
size o r weight, since it  w ould be obvious th a t, w ith in  lim its, a 
definite w eight saving m igh t be effected by th e  use of a higher 
strength  iron. Perhaps the au th o r w ould  be able to  give some 
idea of the relative costs of the various irons available today 
com pared w ith  th a t of, say, cast carbon steel.

F inally , in  connexion w ith  th e  possibility of effecting 
w eight reduction  th ro u g h  the use of the higher strength  irons, 
it w ould also be helpful to  designers if some in form ation  could 
be given on  th e  m axim um  thickness w hich w ould be practic­
able for, say, 3-in. bore pipes, either in  the form  of sand or 
centrifugal castings.

P r o f e s s o r  J. A. P o p e , P h .D ., com m ented th a t the p ro ­
duction  of spheroidal graphite cast iron  had  v irtually  given the 
engineer a new m aterial and M r. H allett’s survey of its p ro ­
perties was m ost timely.

T here seemed little  doubt in  his m ind  th a t th is nodular 
iron  derived its strength , and  to  some extent its ductility , from  
the fact th a t the stress concentration  due to  the spheroidal 
graphite flakes was m uch  less th an  those produced by the long 
sharp ended flakes of norm al cast iron. T h is  was revealed by 
the value of the apparent Y oung’s M odulus fo r the various 
cast irons. W hen a stress was applied to  a grey cast iron , say, 
then the stress concentrations a t  the ends of the graphite flakes 
caused deform ations in  excess o f those obtainable in  a no tch  free 
steel. T hus, roughly  speaking, the am ount the Y oung’s 
M odulus w as less th a n  30 x  10'lb. per sq. in . was an  indication  
of the stress concentrations existing in  the iron. F o r example, 
Y oung’s M odulus fo r grey cast iron  was 16 x 10% . per sq. in. 
and  fo r nodu la r iron  24 x  10% . per sq. in.

I t  was in teresting  to  note th a t no  neck was form ed during  
the tensile test of annealed ductile cast iron. Seeing th a t the 
structure of th is  iron  w as m ain ly  ferrite, a t first sight, one w ould 
have expected “necking” sim ilar to  th a t w hich occurred in  a 
tensile test on m ild  steel. N ecking was p roduced  w hen the 
rate of w ork harden ing  was less th a n  the rate o f reduction  in  
cross-sectional area due to  the  longitud inal extension. T he  fact 
th a t th is d id  no t occur w ould suggest th a t frac tu re  due to  stress 
concentration  at, and crack propagation  from , the spheroidal

graphite took place beiore tne su rround ing  te rrn e  was luuy  wuik 
hardened. I f  this were the case, then  spheroidal cast iron  w ould 
be very susceptible to  b rittle  frac tu re  p roduced  by either triaxial 
stress o r low tem perature. Some experim ents on  th is m etal at 
low tem perature w ould be m ost interesting.

T h is  new iron, w hich was really half-w ay between a cast 
iron  and  a m ild  steel, m igh t have some new  fo rm  of criterion  
of failure under com pound stress. F o r norm al grey cast iron  
the criterion  of failure was taken as the m axim um  principal 
tensile stress and  fo r m ild  steel the m axim um  shear stress. As 
spheroidal cast iron  in  the annealed condition  w as m ainly  
ferrite, one w ould anticipate th a t, to  a first approxim ation, the 
m axim um  shear stress criterion  held. M ore experim ental 
evidence was w anted o n  th is point. In  th is  respect it  was u n ­
fo rtunate  th a t on the curve show n in  Fig. 6, the load on  the 
m achine had been plo tted  as th e  axis instead of th e  applied 
torque. As th e  curve stood, the dim ensions o f th e  testing 
m achine, as well as those of th e  specimen, were required before 
any calculations could be m ade from  th is diagram . M r. H allett, 
however, gave th e  tensile yield stress as 27 tons per sq. in. and 
the compressive yield stress (on a different batch  o f m aterial) 
as 29 tons per sq. in. If  the m axim um  shear stress were the 
criterion, these tw o yield strengths should be equal. A know ­
ledge of the yield streng th  in  torsion  w ould be valuable.

W ith  regard to  the use of no d u la r cast irons fo r crank­
shafts, it should be rem embered th a t a crankshaft w as a com ­
ponent in  w hich the dam aging stresses m igh t be p roduced by 
vibrational forces ra ther th an  by the applied load. F o r this 
reason, a m aterial having good dam ping  capacity  could be as 
beneficial as one having h igh  m echanical properties. O ne w ould 
expect the dam ping  capacity  fo r nodu la r cast iron  to  be m uch  
less than  th a t fo r grey cast iron. H e w ondered w hether M r. 
H allett had  any in fo rm ation  o n  th is point.

In  this con tribu tion  to  the discussion, Professor Pope had- 
endeavoured to  outline where he considered m ore in form ation  
to  be required before nodu lar cast iron  could  be used w ith  con­
fidence. I t  m igh t be th a t M r. H alle tt w ould  be able to  supply 
th is in fo rm ation  w hen replying to  the discussion. A  con­
siderable am oun t of research was being carried ou t a t N o ttin g ­
ham  U niversity  on  the m echanical properties of cast iron  and 
he w ould be glad, if required, to  co-operate in  fu r th e r investiga­
tions in to  the properties of nodu lar iron.

M r . G . M . S m ib e r t  was particu larly  interested in  the 
paper because of a discussion he had had  tw o years ago w ith  
the au tho r w hen it was decided to  p u t in  hand  a nodu lar iron  
p iston  fo r a large tw o-stroke Diesel engine. T h is  p is ton  had 
been in  service for several m on ths; there had  been no  adverse 
reports so fa r bu t it was too early fo r reliable perform ance 
data  to  have been obtained and, in  particu lar, its resistance 
to  wear, scaling and  oxidation  w hich, of course, could no t be 
expected to  be as good as th a t o f a 13 per cent chrom ium  
p iston  crow n, fo r instance. I t  was confidently expected th a t 
th is nodu lar iron  p iston  w ould  supersede the m ore costly type 
w here a special steel crow n was screwed or bolted to  the 
o rd inary  cast iron  rin g  carry ing  skirt.

T he  p iston  as fitted was in  th e  “as cast” cond ition  w ith  
a tensile strength  a little  lower th a n  th a t of a special steel 
crow n; it  was hoped th a t in  th is condition  it w ould  have a 
high wear resistance and  thereby retain  the rin g  groove d im en­
sions.

In  view of the experim ents on  m.v. A uricula  w ith  nodu lar 
iron  p iston  rings, it  w ould be in teresting  to  have the au th o r’s 
com m ents on the possibility of using  th is type of ring  on  a 
nodular iron  piston.
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M r . H a l l e t t , replying, said th a t in  his very interesting 

and  useful in troduction  to  the discussion, D r. Everest referred 
to one or tw o points w hich gave him  the opportun ity  of m aking 
some fu rther remarks. H e w ould agree th a t any problem  of 
wear resistance could be settled only by direct test under operat­
ing conditions, though  th is w ould take a long time. I t  was 
very difficult to  pred ict wear resistance from  first principles, 
and he was no t at all surprised th a t there were some discrepan­
cies in  the reported  tests.

In  this connexion, all the results set ou t in  the paper were 
carried ou t on  iron  w ith  a to tal carbon content of about 3-2 per 
cent, b u t tests carried ou t, for example, w ith  a higher carbon 
iron, say 3-6 per cent, giving correspondingly m ore graphite, 
m ight present entirely different results and  th a t w ould explain 
some of the discrepancy.

T he  annealing of propellers obviously presented difficulties 
and  could be applied only to  relatively small cases. Actually, 
in  the casting of fairly large propellers it was quite probable 
th a t a certain am ount of ductility  w ould be developed in  the 
casting w ithout any heat treatm ent a t all, and  a m oderately 
small am ount of ductility  m ight be quite adequate to  give the 
sort of shock resistance needed. H e agreed th a t it was u n ­
likely th a t annealing w ould be, o r need be, applied to  large 
propellers.

M r. A rcher had raised a num ber of interesting points, 
s tarting  w ith  a reference to  cerium. T h e  cerium  process, u n ­
fortunately, suffered from  serious lim itations and  could be 
applied only to  iron  w hich was high in  carbon, high in  silicon 
and  very low in su lphu r; th a t com bination could no t be achieved 
by ord inary  cupola m elting as operated in  the average foundry. 
Therefore one was th row n back on special m ethods, so th a t the 
cerium  process could no t be applied nearly as widely as the 
m agnesium  process. T h a t was one of the basic reasons for 
the choice of the m agnesium  process. T he  o ther was th a t the 
magnesium  process itself was a m uch  better one, giving better 
m echanical properties. I t  was true  th a t certain m etallic 
elements, present in  small am ounts, could interfere w ith  the 
m agnesium  process. M uch  m ore was being learned about the 
reasons behind these interferences, and as tim e w ent on m ethods 
w ould undoubtedly  be evolved fo r overcom ing the effects and 
the process w ould be applicable to w ider ranges of pig iron 
th an  it  was at the m om ent. T h is  country  seemed to  be in  a 
less fo rtunate  position from  the po in t of view of pig iron 
supplies than  alm ost any o ther country  in  the w orld.

As for the use of annealed m aterial fo r crankshafts, he 
believed th a t it w ould generally be better no t to  use the fully 
annealed m aterial. H e d id  no t really see w hy a considerable 
shock resistance was w anted in  a crankshaft. W hat was 
needed was the ability to  accom m odate itself to slight m is­
alignm ent, bu t it w ould be generally true  to  say tha t, coupled 
w ith  a m oderate degree of ductility , fatigue strength  and  wear 
resistance were tw o m ore im portan t factors.

A recent determ ination of the shear m odulus of elasticity 
had been quoted by M ajors* as 9 5 x 108lb. per sq. in. as deter­
m ined on annealed ductile cast iron  treated by the m agnesium  
process.

T he question of therm al shock resistance had been raised.

* Amer.Soc.Mech.E. 1951. Preprint 51— F-5.

M uch  m etallurgical a ttention  had been paid  to  devising a good 
test for therm al shock resistance, bu t he w ould no t like to  say 
th a t anybody had as yet evolved a therm al shock resistance 
test w hich classified the older heat resisting m aterials in  the 
righ t order, let alone the new m aterial. Service tests had  to  be 
perform ed. Research w ork was being organized a t one of the 
universities on this very question, and  one of the materials 
w hich was being tested was spheroidal graphite cast iron.

T he  question of the highest tem perature of application 
opened u p  a series o f problems. I f  i t  were purely a question of 
creep it was necessary to  await the results of creep tests, and  
there was no published inform ation on  this po in t concerning 
spheroidal graphite cast iron  at the m om ent. O rd inary  cast 
iron  was satisfactory from  the creep po in t of view u p  to  a 
tem perature of about 400 deg. C ., above w hich it deteriorated 
rapidly. I t  was reasonable to  guess th a t spheroidal graphite 
cast iron  w ould  raise th a t ceiling tem perature, b u t to  w hat 
extent was no t known. I f  it  were a question of oxidation 
resistance the p icture  was a little  clearer, though  there again 
the data were no t very extensive. T he  scaling resistance of 
spheroidal graphite cast iron  was a t least as good as th a t of 
o rdinary  cast iron  alloyed w ith  1 per cent of chrom ium , and 
there were indications th a t it  was better th an  tha t. Therefore, 
from  the oxidation po in t o f view he th o u g h t the ceiling could 
be placed at som ething of the order of 600 o r 700 deg. C., 
though  th is w ould depend on the am oun t of scaling w hich could 
be tolerated in  a given application.

As to  relative costs, no very clear answ er could be given. 
If  the casting were relatively com plicated, then  the good found ­
ing properties o f spheroidal graphite cast iron  in  relation to  
steel became of p redom inant im portance. T he  actual raw  
m aterial costs— the costs of the m etal a t the furnace— were if 
any th ing  in  favour of steel, so th a t the m ore com plicated the 
casting the m ore one was likely to  tu rn  to  spheroidal graphite 
iron  rather th a n  steel.

M r. R ichardson com plained th a t he had  painted too rosy a 
picture, bu t had  no t indicated in  w hat way th is was so. T he 
paper was intended to be entirely factual, and  he had left his 
audience to  draw  their ow n conclusions. In  spite of an 
enorm ous am ount of research all over the w orld  there were 
m any points in  doubt on  the m echanism  of the process. Of 
the essential conditions, the m ost im portan t was the v irtual 
elim ination of su lphur from  the iron. O rdinary  cast iron  con­
tained about 0-1 per cent of su lphur, and  the first function  of 
cerium  o r m agnesium  was to  reduce th a t su lphur dow n to 
som ething of the order of 0-01 per cent. W hat happened after 
th a t was in doubt.

O n the question of reliability o f the m agnesium  process, 
if one were w orking on a know n source of p ig  iron  the results 
were likely to  be completely satisfactory in  all cases, bu t if some 
unknow n factors were in troduced  in  the pig iron  poor results 
m ight be forthcom ing. T he knowledge in  th is field had  im ­
proved very m uch  in  the last year, and  it was now  generally 
possible to  say w hy there had been a particu lar failure. H e 
agreed th a t it was by no  means impossible to  have a com bina­
tion  of cerium  and  m agnesium , and  investigations were actively 
in progress along th a t line at the m om ent.

O n corrosion fatigue he had no data whatever, bu t in  judg-
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ing  the relative m erits of ductile cast iron  and  of propeller 
bronze it was reasonable to suppose th a t ductile cast iron  under 
o rdinary fatigue conditions was probably superior, b u t under 
conditions where corrosion played the p redom inant p a rt p ro ­
peller bronze w ould be the better.

T h e  value of the cast iron  skin was questionable. In  cer­
ta in  cases a grey cast iron  m igh t give a som ewhat better corro­
sion resistance on the skin th a n  o n  the m achined surface, bu t 
he felt that it was unsafe to  rely on  a fo rtu itous fac to r like the 
casting skin. In  the case of spheroidal graphite cast iron  he 
would no t like to  say th a t the casting  skin was beneficial, and 
he believed it was generally better to  have a m achined surface.

O n the question of quenching  and  tem pering he had no 
fears at all. H e did  no t th in k  the m aterial w ould d is to rt in 
quenching any m ore th an  w ould  h igh carbon steel.

W ith  regard to  cavitation  resistance and  its relation to 
tensile strength , he had  tried  to  be very careful in  his remarks. 
Beeching’s* results had  suggested th a t in  a series of sim ilar 
alloys there was a rough  relationship between tensile strength  
and  resistance to  cavitation erosion. C onsidering th e  tw o 
m aterials, grey cast iron  and  spheroidal graphite cast iron , it 
was merely suggested th a t in  view of the higher tensile strength  
of the latter, it w ould be w orth  testing. T he  conclusion had 
been borne o u t to  some extent by laboratory experim ent, bu t 
n o t yet finally proved.

M r. Evans had  referred to  crankshafts and  general engine 
structures. T he  crankshaft design had  to  be considered care­
fully and one had to  recognize th a t a design suitable fo r a 
heat-treated steel w ith  a tensile streng th  of 60 tons per sq. in. 
m ight no t necessarily be suitable fo r spheroidal graphite iron  
w ith  40 tons per sq. in. tensile strength. H e w ould say, answer­
ing  the question in  general term s, th a t spheroidal graphite cast 
iron  w ould certainly find a big place in  the field of general 
engine structures, inc lud ing  crankshafts.

G eneral D avidson had  raised an  interesting po in t on 
m achin ing  properties. M ost of the papers w hich had been 
published on th is subject came from  A m erica; he th o u g h t they 
were quite reliable. T h e  higher tensile streng th  of the m aterial 
m eant th a t m ore pow er was required to  cu t a t a given speed, 
b u t the wear on  tools, and  the rate of cu tting  on the “as cast” 
m aterial were unaffected. W ith  annealed m aterial m ore power 
was still needed, b u t th e  cu tting  speed and  tool wear were 
considerably better th an  w hen m achin ing  o rd inary  cast iron.

T h e  au th o r was grateful to  M r. M ath ias for his remarks 
and agreed th a t there was no  really satisfactory short title for the 
new iron. T he  term  “spheroidal cast iron” was inaccurate since, 
of course, it was the graphite in the iron  w hich was spheroidal, 
and no t the iron  itself. O ne reasonably convenient abbrevia­
tion  was to  refer to  the new m aterial as “ S.G . cast iron” , “S .G .” 
indicating  spheroidal graphite.

In  the au tho r’s experience the shape of the spheroids did

* Trans.I.E.S. in S. 1942. Vol. 85, p. 210.

n o t alter very m uch  in  castings rang ing  from  \  inch  to  4 inch 
in  thickness bu t there was a steady increase in  the size of the 
spheroids over th a t range.

I t  was certainly possible to  make use of the ductility  of 
the annealed m aterial and  pipe alignm ent should  be perfectly 
practicable. O ne case could  be quoted  of some th ick  walled 
p ipe of ra ther small outside diam eter (about 1 inch) and  narrow  
bore, w hich required to  be ben t around  a slight angle. I t  was 
difficult to  cast th is in  the required curve and  the solution 
was to  cast solid rod  w hich was then  bored o u t in  a straight 
line and  bent ho t to  the final shape. N o trouble  was experi­
enced.

T he im portance of graphite  qu an tity  had been referred to 
in  the reply to  D r. Everest. T he  only p o in t rem aining to  be 
proved was w hether the greater areas of m etal relatively rem ote 
from  the graphite in  spheroidal graphite iron  could be lubricated 
by the graphite  as effectively as th e  m etal areas in  a flake 
graphite  iron , w hich were generally m uch  closer to  the graphite, 
even th ough  the exposed area of graphite was th e  same in  the 
tw o irons u nder com parison. T here  was no  doubt th a t the 
greater hardness of the new m aterial was beneficial in  p rom oting  
wear resistance.

Some reference to  cost had  been m ade in  the reply to  M r. 
Archer. As already stated, it was necessary to  balance the raw  
m aterial costs against the  ease o f founding. T h e  au th o r w ould 
prefer no t to  com m ent on  the  thickness of pipe walls un til he 
had had m ore experience in  th is  particu lar field. H e believed 
th a t M r. M ath ias was referring  to  m in im um  thickness ra ther 
th an  to  m axim um . T h is  w ould  depend to  some extent on  the 
length of the  pipe, b u t he d id  no t hold ou t m uch  hope of casting 
appreciable lengths in  thicknesses of m uch  less th an  f  inch.

T h e  con tribu tion  o f Professor Pope was welcomed. H is 
views on  the relationship between stress concentrations at the 
end of graphite  flakes and  the occurrence of necking in  the 
ductile m aterial were m ost interesting and  suggestive. M ore 
in form ation  on  the specialized properties of nodu lar cast iron 
were given in  th e  paper by M ajors referred to  in  the reply to  
M r. Archer. T h is  w orker suggested th a t the dam ping  capacity 
of nodu lar cast iron  was even less th a n  th a t of annealed m ild 
steel. O ther workers from  th e  B ritish C ast Iro n  Research Asso­
ciation had tended to  place nodu lar cast iron  between cast iron 
and steel. I t  was very satisfactory to  hear of the large p ro ­
gram m e of w ork proceeding a t N o ttingham  U niversity  and  the 
au tho r looked forw ard to  co-operation w ith  Professor Pope in 
th a t direction.

In  reply to  M r. Sm ibert, the au th o r was very glad to  have 
the latest in fo rm ation  on  the prom ising  perform ance of the 
nodu lar iron  piston. All m arine engineers w ould  follow  this 
experim ent w ith  great interest. I t  was felt th a t there should 
be no difficulty in  using nodu lar iron  rings w ith  a nodu lar iron  
p iston , and  no doubt experim ents w ith  nodu lar cylinder liners 
as well w ould have to  be undertaken eventually.

3 5



IN STITU TE ACTIVITIES

M in utes of Proceed ings of the O rd inary  M eeting  held at the 
In s t itu te  on T u e sd a y , 11th  D ecem ber 1951

A n ord inary  m eeting was held at th e  In s titu te  on  Tuesday, 
11th December 1951, a t 5.30 p.m . M r. J. T u rnbu ll, O.B.E. 
(C hairm an of Council), was in  the Chair. A paper by M r. 
M . M . H allett, M .Sc., F .I.M . (M ember), entitled “D uctile 
C ast Iro n ” , was read and  discussed. T hirty-seven members 
and  visitors were present and  five speakers took p art in  the dis­
cussion.

A vote of thanks to  the au tho r was proposed by M r. C. P. 
H arrison  (M em ber of Council) and enthusiastically accorded. 
T he  m eeting ended a t 7.10 p.m .

A w a rd  of H onorary M em bersh ip  to  M r. B . C . C u rlin g
By a C ouncil decision taken at their m eeting on  12th 

N ovem ber 1951, M r. B. C. C urling  has been elected to  H onorary  
M em bership of the Institu te. By adding M r. C urling’s name 
to  the short list of those w ho have been selected in  the past 
to receive this honour, the C ouncil wish to  establish, on  his 
retirem ent, their special recognition of his ou tstanding  services 
to the In s titu te  du ring  the last th irty  years and particularly  
since he succeeded to  the Secretaryship in  1930.

T he  certificate of H onorary  M em bership will be presented 
to M r. C urling  by the President at the A nnual D inner to  be 
held at G rosvenor H ouse on F riday, 14th M arch  1952.

Loca l Sections
Cardiff

A jun ior lecture entitled “ M arine Diesel Engines” was 
given a t the Cardiff Technical College on  T hursday , 24th 
January  1952. T he  author, M r. C. C. P ounder (M ember), was 
unable to  be present and  his paper was ably read by M r. J. E. 
C hurch  (M em ber of Council). D r. A. Harvey, principal of the 
college, presided a t the m eeting, w hich was attended by 140 
members an d  visitors.

Swansea
A lecture, “Petroleum  Refining” , was given by D r. E. J. 

B oorm an at the C entral L ibrary , Swansea, on W ednesday, 12th 
December 1951, to  an appreciative audience of fifty-tw o 
members and friends of the Swansea D istric t and  Local Section 
of the Institu te. M r. A. R. E dm iston (M ember) was in  the 
Chair.

Briefly sum m arized, D r. B oorm an’s lecture was as fo llow s: 
“ C rude petroleum  was useless as it came from  the g round  and 
the group  of processes w hich were used to  convert it in to  
m otor spirit, kerosene, fuel oils, lubricants, asphalt, synthetic 
chemicals, etc., was called ‘refining’. T he  num erous hydro­
carbon molecules in  oil were first separated in to  groups corre­
sponding to  the final products by distillation th rough  the 
fractionating  tow er of a p ipe still. T h is  repeated interm ingling 
of vapours and  condensed liquid  resulted in the production  
of the necessary fractions, w hich were afterw ards given a final 
purification before being pum ped to  storage.

As the dem and for m otor spirit exceeded the supply from  
th a t naturally  present in  crude oil, the less volatile fractions 
were converted into m ore and  better m otor spirit by high tem ­
perature treatm ent called cracking. T h e  m ost m odern fluid 
catalytic cracking processes now produced a large proportion  
of today’s petrol.

S till heavier fractions were treated, purified and  blended 
to  produce the large range of m odern  and  specialized lubricating  
oils w hich industry  required. A dditional p roducts like grease, 
paraffin w ax and  bitum en were also derived from  oil. By­
p roduct gases were converted in to  chemicals, synthetic rubber, 
plastics, fibres and  num erous o ther materials. T h e  continued 
developm ent o f all these products was m aintained by extensive 
research” .

E ach step of the lecture was well illustrated by a film  strip  
and the audience was given an insight in to  the com plicated 
processes and  p lan t used in  the  refining of crude petroleum . 
A fterw ards, D r. B oorm an showed a film entitled “ Faw ley” , 
w hich depicted the construction  of the large oil refinery near 
S outham pton  and  w hich conveyed to  the audience the 
m agnitude of such an undertaking.

Q uestion tim e b rought fo rth  a variety of enquiries ranging 
from  types of fuels used in  jet engines to  the possibility o f p ro­
ducing  non-inflam m able lubricating  oils.

H aving  expressed his personal appreciation of D r. Boor­
m an’s lecture, the C hairm an called up o n  M r. R. Shaw  
(M ember) to  propose a vote of thanks to  the au thor, w hich 
was ably seconded by M r. R. E. Knowles (M ember) and 
heartily endorsed by all present.

Jun io r Section

85, The M inories, L ondon , E .C .3
O n T hursday , 3 rd  January  1952, at 7 p .m ., the Jun io r 

Section held a m eeting a t the In s titu te  to  discuss “T he E duca­
tion  and T ra in in g  of the M arine Engineer A pprentice” . M r. 
F. D . C lark (Associate M em ber of Council) was in  the C hair 
and forty-tw o members and visitors were present.

A panel had been form ed, representing various m arine 
engineering interests, and consisting of M essrs. C. M . Brain, 
T. Calderwood, M .Sc. (V ice-President), F . S. G ander, S. H ogg 
(M em ber o f Council) and  A. Logan. M r. L ogan opened the 
discussion w ith  a stim ulating  address and  was followed by 
fourteen speakers from  the floor, whose questions and com ­
m ents were answered, in  a  lively interchange of ideas, by the 
members o f the panel. T h e  m eeting ended a t 9 p.m . M r. 
Logan’s opening rem arks and  the first instalm ent o f a report 
of the discussion appear on pages 2 to  4 of the Supplem ent 
to  th is issue.

College o f Technology, Liverpool
A m eeting was held at the College of Technology, L iver­

pool, on T hursday , 17th January  1952, w hen C om ’r(E ) J. I. T . 
Green, R .N . (M ember) read his paper on  the developm ent of 
“M odern  N aval Boilers” . D r. R. H . G rundy , head of the 
m echanical engineering departm ent of the college, was in  the 
C hair and was supported on the p latfo rm  by M r. L. Baker,
D .S.C . (M ember of Council).

A bout th irty -th ree  student mem bers and  visitors were pre­
sent and  their appreciation of C om m ander G reen’s lecture 
became evident in  the very lively discussion w hich followed 
and  in  w hich a considerable num ber took part.

Sunderland Technical College
A lecture was delivered on  T hursday , 24th January  1952,
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The late Sir Amos Lowrey Ayre, K .B .E., D.Sc.



SIR A M O S  LO W REY AYRE, K.B.E., D.Sc.

An appreciation by Dr. S. F. Dorey, C.B.E., F.R.S. (President).

W ith  the sudden death of Sir Amos Ayre, our British shipbuilding 
industry has undoubtedly lost an outstanding figure. Unfortunate ly also, 
his loss comes at a time when the industry is called upon to contribute so 
much to the life of the nation and can ill spare one of its leaders.

Sir Amos had a notable career and made his mark right from the days 
of his apprenticeship. To his high technical ab ility  he brought unusual 
enterprise and the quality of courage. The success and reputation today 
of the Burntisland Shipbuilding Company, which he founded w ith  his brother 
in 1918, are in no small w ay due to his exceptional qualities.

W e , who are connected w ith  shipbuilding and engineering, w ill grate­
fu lly  remember his splendid record of public service, in w hich he never spared 
himself.

As a young man he first came to notice in the 1914/18 war, when 
he became Adm ira lty D istrict D irector of Shipbuilding in Scotland. Between 
the wars he rapidly rose to the fore, and among the important posts he 
filled were President of the Shipbuilding Employers’ Federation, in the 
d ifficu lt days of the depression in trade, and the first Chairman of the Sh ip ­
building Conference when it was formed in 1936.

His brilliant work during the last war readily comes to mind. On the 
outbreak he was appointed D irector of M erchant Shipbuilding and Repairs 
in the M in istry  of Shipping and later, when the Adm ira lty took control, 
became successively D irector of M erchant Shipbuilding and Deputy Controller 
of M erchant Shipbuilding and Repairs. There is no doubt that he made an 
outstanding contribution to the magnificent part played in the war effort by 
British shipbuilding.

A fte r the war he resumed his work w ith  the Shipbuilding Conference 
and again used his great ab ility and drive for the improvement of the 
industry.

Sir Amos did much for the technical societies and we in the Institute 
of M arine Engineers are proud to record that he was our President for two 
years, 1946 and 1947, a fact which, in itself, testifies to the great respect 
we had for him.

W e  recall the very able address which he gave to us at each election; 
his masterly survey of the history of marine engineering; his broad, confident 
outlook on the future of marine propulsion, and his stimulating advice to 
all our members.

Our Institute w ill also always be grateful to him for his efforts in 
connexion w ith  our National W a r  Memorial Building Fund.

Sir Amos was undoubtedly a great leader and yet, w ith  all his ability 
and talents, he kept the common touch. He was a very human personality 
and w e who knew him well, w ill always remember him w ith  affection.

S. F. D.



Obituary

at the Sunderland Technical College by M r. R. R. Strachan 
(Member), the subject being “Refrigeration at Sea”. A crowded 
audience was presided over by M r. D. A. W rangham, M .Sc., the 
Principal of the College, and the Institute was represented by 
M r. W. H. Fraser, the Local Vice-President.

T he lecturer dealt with the growth of the carriage of 
frozen cargoes from the earliest stages until the present time 
and, with numerous lantern slides, illustrated the modern lay­
out of the larger installations. Afterwards, members of the 
interested audience put m any questions to  M r. Strachan, show­
ing the critical manner in which they had followed the lecture.

A vote of thanks to the lecturer was proposed by M r. 
W. L. Bryde, head of the mechanical and civil engineering 
department.

M em bersh ip  E lectio n s

Elected. 1 1 th  Ja n u a ry  1952

M E M B E R S
William Henry Arnold, Com’r(E), R.N.
James Barford
Marcel Charles Jourdain
Archibald Conrad Fyfe Porteous
Pero v. Sakic
Edwin Francis Stopford
John Douglas Whineray
Robert Douglas Yuill

A SSO C IA T E  M E M B E R S
John William Allen 
H ugh Clare Gibson

A SSO C IA T E S
David Ashley Anderson 
Sydney D uthie Anderson 
Benedict Patrick Bulley 
David Wilson Chalmers 
James Gallagher 
A rthur Kingsley Guest 
George Michael Gywnn Jones 
Peter James Nickels 
Robert Harvey Scott 
Ian Henderson Stewart 
H arry A rthur Triggs 
John Alan W att 
William Arnold W inter

S T U D E N T S
Cornelious Elliot 
Henry Lyth

T R A N SF E R  F R O M  A SSO C IA T E  M E M B E R  TO  M E M B E R  
John D uncan

T R A N SF E R  F R O M  A SS O C IA T E  TO  M E M B E R  
Robert Joseph Brooks Keig, M.A.
Henry Carmichael McCormick 
George A rthur M addick 
James Colston Robey

O BITUARY
J a m e s  A le x a n d e r  C a v e l l  (Member 9731) served an 

apprenticeship from 1931-36 with R. H. W hite and Company, 
Wellington, New Zealand; from  1936 he served at sea with 
various companies as junior to  chief engineer and obtained a 
F irst Class M .o.T. Certificate with m otor endorsement. He 
gained experience in refrigeration work with J. and E. Hall, 
Ltd., at D artford, and was engaged for a time with Foster 
Wheeler, Ltd. In  1946 he returned to New Zealand as building 
services inspector to the M inistry of Works at Christchurch; 
early in 1951 he resigned from the department to take an 
appointment with the Palmerston N orth Hospital Board but 
died shortly afterwards, on 27th February. M r. Cavell was 
elected an Associate of the Institute in 1943 and transferred 
to full Membership in 1948.

Jam es H en ry  H a rg re a v e s  (Member) was apprenticed to 
Dunlop, Bell and Company, Liverpool, from 1914-20. From 
1920-28 he served as 8th  to  2nd engineer with the Blue Funnel 
Line and obtained a F irst Class M .o.T. Certificate in 1925. 
From 1928-32 he was 2nd engineer with the British and Con­
tinental Steamship Company. Then he left the sea and was 
engaged as assistant engineer with the Majestic Spinning Com­
pany, Oldham, from 1932-37. From  1937-39 he was engineer 
with the Westwood Park Institution, Oldham, and in 1939 he 
was appointed resident engineer at the County Hospital, Farn- 
borough, where he remained until his death. M r. Hargreaves 
was killed in a road accident on 22nd January 1952. He had 
been a Member of the Institute since 1946.

J a m e s  M a c D o n a l d  (M em b er  1932) was apprenticed to 
Jam es and George Thom son of Clydebank; he joined the 
British India Steam Navigation Company in 1889 as 4th 
engineer, obtained a First Class B.o.T. Certificate, and was pro­
moted chief engineer in  1899. In  1912 he was appointed to

the s.s. M o m b a ssa  and was still serving in her as chief engineer 
when she was torpedoed in  October 1916. M r. M acDonald 
left the sea at this time and lived in retirement in London until 
his death on 11th November 1951. He was elected a Member 
of the Institute in 1907.

Jo h n  H en ry  M a r t in  (Associate Member 4919) was 
educated at Daniel Stewart’s College, Edinburgh, and served 
the first few months of his apprenticeship there w ith Brown 
Brothers and Co., Ltd., and then four years w ith John Lewis 
and Sons in Aberdeen. He finished his initial training at a 
very bad period during the slump in the ’twenties and could 
neither obtain employment at sea nor in the shipbuilding yards 
in Aberdeen. He therefore started his own business as an 
electrical and radio engineer in  a very small way until he was 
able to  go to sea in 1928; from that time onwards he was sea­
going, serving with various companies. He obtained a First 
Class B.o.T. Certificate in  1938. In  1944 he was chief engineer 
of the s.s. E m p ire  B u n tin g ,  one of the ships chosen to  be partly 
submerged off the coast of Norm andy to  assist in the erection 
of mulberry harbours for the D-day landings. M r. M artin 
left home on the 15th October 1951, apparently in the best of 
health, to join the s.s. F ly in g d a le , owned by Headlam and Sons, 
as chief engineer; he died suddenly on 26th October on the 
way to Buenos Aires. He was elected a Student G raduate of 
the Institute in 1923 and was transferred to  Associate Member­
ship in 1933.

R ear A dm iral(E ) T hom as H a ro ld  Sim pson (Member) 
was born in 1896. He attended the Royal Naval Engineering 
College, Keyham, from 1919-20 and the Royal Naval College, 
Greenwich, from 1920-22. From 1922-24 he was senior 
engineer in H .M .S. S o u th a m p to n  and then until 1928 he served 
on the staff of the Engineer-in-Chief at the Admiralty. He was
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senior engineer in H.M .S. R o d n e y  until 1929 and then, for 
two years, lecturer on applied mechanics and machine design 
at the R.N. College, Greenwich. In  1931-32, 1934-37 and 
1941-44, he served further periods at the Admiralty and as 
Commander(E) in H.M .S. S u sse x  from 1932-34 and 1937-39. 
He was officer in charge of the Admiralty Fuel Experimental 
Station from 1939-41 and engineer officer of the British Pacific 
Fleet from 1944-46. In  1948, after serving for two years as 
Rear Admiral(E) in Scotland and Northern Ireland, he retired 
from the Royal Navy. From  1948, until his death on 5th 
January 1952 in a road accident, Admiral Simpson was engaged 
as the senior combustion engineer for the Anglo-Iranian Oil 
Co., Ltd. He was elected a Member of the Institute in 1949 
and was also a Member of the Institution of Mechanical 
Engineers.

J o h n  Y o u n g e r  (Member 2492) served an apprenticeship

with A. Reid and Company, Dunfermline, from 1893-98 and 
worked from then until August 1900 with the Fairfield Ship­
building and Engineering Co., Ltd., Glasgow. In  1901 he 
joined the British India Steam Navigation Company as a junior 
engineer and, except for two brief intervals (with John Brown 
and Co., Ltd., Glasgow, from 1907-08 and with Alexander 
Stephen and Sons, Ltd., from 1908-09) he remained in the com­
pany until his retirement. He was promoted chief engineer in 
1916 and acting superintendent engineer in the same year; in 
1926 he was sent to Bombay as assistant superintendent engineer 
and was promoted superintendent engineer in 1932. He retired 
from the company on pension in 1939 but for the whole period 
of the last war he served as an inspecting officer of the M inistry 
of Fuel and Power and in 1942 he was appointed a member 
of the London Regional Fuel Efficiency Committee. M r. 
Younger gave valuable service to the Institute as Vice-President 
for Bombay from 1930-37; he was elected a Member in 1911.
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