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Ch a ir m a n : T H E  HON. SECRETARY.
The subject of a Lantern Lecture given on March 30th, 1926, when 

ladies were invited.
The C h a i r m a n : W e are greatly  indebted to Mr. Ford for 

coining to give us a lecture to -nigh t, illustrated  by views, 
which will reveal to us much of w hat is generally  unknown, and 
rem ind us of w hat we have seen washed up on the sea shore. 
W e are glad to see th a t the subject is of in terest to our lady 
friends and we welcome their presence.

Our sea fisheries present so m any topics of general in terest 
th a t in  p reparing  a short non-technical lecture, one is tem pted 
to pass over any subject which does not appear to be of obvious 
and direct practical application. B ut a great deal of valuable 
research work is being carried on a t m arine stations of this and 
other countries, which not only m erits the closest a ttention  of 
all those actively engaged in the commercial fisheries, bu t which 
could be made equally in teresting  to the laym an.
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172 SOME MARINE RESEARCHES.
Thus, a few years ago, our M inistry of A griculture and 

Fisheries published a detailed and w ell-illustrated report* on 
a survey of the soils at the bottom  of the southern part of the 
N orth  Sea. M any samples had been taken, and each subm itted 
to a careful process of sieving, settling, drying and weighing, 
u n til eventually it was separated into a num ber of distinct 
grades of texture. As a result of th is tedious work it was pos­
sible to prepare charts showing the distributions of the various 
grades over the whole area, and also to give inform ation con­
cerning the water movements which had assisted in b ring ing  
about th is d istribution. I  im agine th a t a reader would not 
find it difficult to sym pathise w ith those practical men of the 
fishing industry  who disapproved of the M inistry’s policy in 
sanctioning this research as p art of their program m e of 
fisheries investigations. One critic  b lun tly  suggested “ th a t 
the M inistry’s research traw ler, instead of steam ing thousands 
of miles collecting sand and mud, should be off looking for new 
fishing grounds.”  But was this collection of “  sand and mud ”  
entirely  useless? W e shall, I  th ink , be able to answer this 
im portan t question when we have considered a second line of 
research.

D uring the years 1872-76 when the Challenger was engaged 
on her great ocean expeditions, much use was made of the 
“ na tu ra lists’ dredge ”  for collecting the sm aller anim als in ­
habiting  the sea bottom. This instrum ent is, adm ittedly, not 
very efficient. Professor Jungerson has been credited w ith the 
am using statem ent th a t “  a dredging ship may be compared 
w ith  an airship towing a dredge over Copenhagen, catching a 
policeman in one street and a peram bulator in an o th e r; and 
from these drawing conclusions as to the whole population of 
the town !”  More recently, Dr. Petersen of Copenhagen, de­
vised an instrum ent which, on being let down open, auto­
m atically  closed when it reached the sea bottom, tak ing  an 
effective “ bite ”  of known area, and enclosing the soil w ith its 
contained anim al life. This bottom sam pler or “  grab ' ’ has 
been extensively used at P lym outh  w ith most instructive re­
sults. In  the first place, the work has shown th a t there is a 
marked association between the characters of the bottom soil 
and the anim al population. For example, the anim als which 
flourish in black mud are very different from those to be 
found in  shelly gravel. This association is so clear a t P lv  
m outh th a t if we were shown a sample of soil from the bottom

*J. O. Borley. “ T he M arine Deposits of the Southern N orth  S ea.” M inistry of Agri­cultu re  and F isheries. F isheries Investigations, Series I I . . Vol. IV ., No. 6, 1923.
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somewhere w ithin  the district, we should be able to state w ith 
some confidence the general “  make-up ” of the anim al popu­
lation  likely to be found in it. B ut m any of these bottom  
anim als form  a v ital p a rt of the food supply of m arketable 
fishes, so th a t we m ight be able to proceed one step farther, and 
express an opinion as to the fishes which would be likely to fre­
quent or v isit the ground from which the soil-sample had been 
taken.

I f  we now re tu rn  to our consideration of the Southern N orth  
Sea bottom-survey we can understand th a t it  is really  a first 
step towards an evaluation of the productivity  of fish food in 
th a t im portant area, for on the ground plan of soils there can 
u ltim ately  be superimposed the distribution of the  food 
an im als; those regions where food is most abundant will obvi­
ously be profitable fishing grounds. In  other words then, a 
sound method of prospecting for new fishing grounds is by 
“  steam ing to collect sand and m ud.”

Some two or three years ago Mr. Davis* of the scientific staff 
a t the M inistry’s F isheries’ Laboratory at Lowestoft, studied 
the anim al population of the Dogger Bank in  the Southern 
North Sea. H is estim ations by means of the “  grab ”  revealed 
the fact th a t certain  shell fish abounded there in am azing num ­
bers. To deal w ith but one species, which is of especial value 
to plaice, as food, Davis located a single patch which covered 
an  area of 700 square miles, and a t one position w ithin it there 
were over 8,000 individuals to the square m etre (say 1 sq. yard). 
The to tal num ber of individuals in this patch was estim ated to 
be about 4^ millions of millions. The occurrence of these shell 
fish in d istinct “  patches ”  forms another in teresting  and im ­
portan t study. To understand them we need to rem ember th a t 
the newly-born young of these molluscs are tiny  free-swimming 
larvae which are almost entirely  a t the mercy of the prevailing 
w ater currents at the tim e of th e ir release. A t a la te r stage 
the larvae settle down as “  spat ”  on the sea bottom  to grow 
into the fam iliar adult form caught in the “  g rab .” B ut, as 
we have already seen, the soil upon which they settle is of the 
utm ost im portance, for they can only survive and thrive under 
favourable soil conditions. Supposing- then, th a t a brood of 
larvae are produced from a patch “ A ”  of adults, and th a t in 
one year the prevailing  currents have carried the larvae to a 
ground on which spat can successfully settle, a new patch “ B ”

*F M Davis "  Q uantita tive  Studies on the F au n a  of th e  Sea B ottom ." M inistry of A griculture and F isheries. F isheries Investigations, Series I I . , Vol. V I., No. 2. 1923. and 
Vol. V III .. No. 1. 1925.
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from year to year may therefore occur, which may be re­
flected in  the yield of the sea fisheries.

These results of Davis’ work form an in teresting  sequel to 
some earlier experim ents in transp lan ting  small liv ing plaice 
from  the “  nursery grounds ”  along the D utch and Danish 
coasts, to the Dogger. The young fish were carried in sea-water 
tanks, and afte r being measured and carefully  marked w ith 
num bered identity  discs were liberated in  the new surround­
ings. A reward, in  addition to the current m arket value of 
the fish, was paid for those subsequently recaptured and re ­
turned to the M inistry. In  describing the results of these ex­
perim ents, Dr. Allen* tells us th a t fishes liberated in  M ay 
which were small undersized fish of little  m arket value, had 
become by the following autum n fine plaice of good size and in 
excellent condition. Taking the figures for say tbe following 
Jan u a ry  : whereas the fish th a t rem ained on the Danish nursery 
ground had doubled their weight, those carried to and pu t out 
on the Dogger had become five times as heavy as they were 
originally . Now since well-grown plaice command a m uch 
higher price per 1 lb. than small ones, th is increase of weight 
means th a t the value had increased to perhaps seven tim es the 
original value.

We have seen th a t, as the bottom -sam pler always takes the 
same area of bite, we can use this instilm ent to obtain estimates 
of the density of bottom population. I f , then, we go to the 
same ground regularly  over a period of tim e, we shall be able 
to discover what changes, if any, are in  progress. W e m ay 
learn th a t a process of reduction in  the num bers of certain  
species is occurring, and make th a t our particu la r study. Thus, 
a Russian observer, Tchugunov, found th a t in one part of the  
Caspian Sea at a certain  tim e in  the year, the flood water from  
the Volga was largely responsible for a heavy m ortality  of a 
species of cockle liv ing there. Or again, on one of the fishing 
grounds a t B rixham  (Devon), a ground rich ly  stocked w ith  flat 
Ash food is periodically and suddenly invaded by starfishes, 
which prey heavily on the fish food. W e may, however, elect 
to watch the increase in  size and w eight of the food animalsc”>during  a lengthy period, and th is aspect of the case is equally 
profitable. Thus we find th a t some shell fish grow very rapidly  
during  th e ir first year of life, and soon reach a size beyond 
which they are of little  use to fishes as food, while others never 
a tta in  a large size and rem ain “  serviceable ”  food for fishes

*E. J .  Allen. “ T he Age of F ishes and the rate  a t which they  grow .” Journal of the M arine Biological Association. Vol. X I., No. 3, 1917.



F ig .t3.—Photograph showing th e  num ber of anim als per l-10th sq. m etre of ground n ea r th e  Eddystone L ighthouse, on January  25th, 1923. T he soil was clean shelly gravel.
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all th e ir days. W e also find th a t many shell fish in  common 
w ith numerous other m arine anim als, grow very rapidly  during 
the summer m onths, but change very little  during the w in te r ; 
and as a result of this differential growth a clear m ark or 
“ w inter-ring  ”  is produced on the shell which is an index of 
age. (See Eigs. 2 and 3*). I t  is only by com bining all the 
data from  these different observations th a t a really  sound pic­
ture of the productivity  of fish food for different grounds can be 
obtained. As an instance of this, we may survey the results of 
repeated visits to a small area in the Plym outh d istrict. Here, 
during the spring of the year 1922, a large new brood of the 
small shell-fish Syndosm ya alba (see fig. 2) was located. In  the

7 8 9 ' 10 Ml 12. 13 ; 14

Fig. 4.—Photograph of shells of S y n d o sm v  a  a lba  from B igbury Bay. Top row w ithout w inter ring , m iddle rows w ith one w inter ring, and bottom  row w ith two w inter rings.

spring of .1923, the individuals of th is brood showed one w inter 
ring , and they still formed the bulk of the food on the ground, 
although there was a certain percentage of a new brood for the  
year 1923. In  the spring of 1924 the same 1922 brood pre­
dom inated, although now of course they exhibited two w inter 
rings. The actual numbers, however, had been much reduced 
owing- chiefly to a heavy death-rate during the two w inters. 
In  1925 practically  all the .1922 stock had gone, and u n fo rtu ­
nately  no new brood for either 1923, 1924 or early 1925 had 
arisen and thrived to keep up the supply. H ere, then, is a 
case of a feeding ground which for two years depended for its 
richness on one brood, bu t which had, after th a t tim e, become

*The figures in  th e  tex t were reproduced f rjin  blocks k indly len t by the M arine B iological Association.
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practically  barren  of fish food because no new broods had been 
able to survive and take the place of the steadily  dim inishing 
orig inal population.

The story m igh t be continued almost indefinitely by discus­
sing the m any additional problems arising  from the study of 
the fish food anim als when they are still in the young- free-swim­
m ing stage. These too, have th e ir “  enem ies,”  and they are 
also susceptible to changes in such physical conditions as tem-

Fig. 5.—i^noto^raph of shells of C a rd iu m  echinatum  from  Big bury Bay.A. Specim ens w ithout w in ter ring . A utum n 1922.B. Specim ens w ith one w inter ring . M ay, 1923.C. ,, ,, ,, Jan u ary , 1924.D. ,, two ,, May, 1924.

perature and salin ity . Perhaps one of the most in teresting  
studies is th a t of determ ining th e ir d istribu tion  from the surface 
to the  bottom  during the hours of daylight and dark. Moreover 
m any young fishes eat them , including the young of the her­
ring . I t  is hoped, however, th a t sufficient has now been said to 
convince the reader of the immense im portance of detailed and 
continuous observation on such subjects as have been m en­
tioned. I t  is not always wise to discourage work which at first 
sigh t appears to be “ academ ic”  ra ther than “ prac tica l.”
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Mr. Thorburn expressed his appreciative thoughts regard ing  

the lecture, which had been listened to with pleasure and had 
revealed many in tricate and in teresting  problems connected 
w ith the depths of the sea, and he proposed a vote of thanks to 
the lecturer.

Mr. F . 0 . Beckett in seconding, agreed th a t pleasure and 
inform ation had been im parted. I t  was good for the m ind to 
be led below the surface of th ings and examine into the depths. 
I t  occurred to him  th a t the sea and currents around the Dogger 
Bank m ight have influences upon the fishing grounds. The 
work of the research station was of great practical value to all.

The vote of thanks was carried w ith acclam ation.
-----------o ----------- -

B e a r i n g  M e t a l s .
By W . T. G R IFFIT H S, M .Sc., F .I .C ., A .Inst.P .

READ
Tuesday, A pril 20, at 6.30 p.m.

Ch a ir m a n : Mr . W . E . FARENDEN (Member of Council).
T h e  subject of the so-called B earing or A ntifriction  Metals 
is one which m erits the attention  of both the engineer and the 
m etallurgist. These alloys are worthy of study by the form er 
because of their influence upon the efficient and economical 
running  of all mechanical p lan t and by the la tte r because of 
the in teresting  m etallurgical problems involved in the produc­
tion, in  the bearing, of a m aterial which is best suited to the 
engineer’s needs. The object of th is paper is to summarise the 
existing m etallurgical inform ation on the subject, hoping thus, 
if  possible, to add to the in terest of the members of the In stitu te  
in  these useful alloys.

I t  now seems fa irly  well established th a t a desirable m a­
teria l for bearing purposes should be composed essentially of 
two constituents, one in the form  of hard  grains which make up 
the actual bearing surface, and the other of a softer, more 
plastic nature which, by reason of its deform ation or rapid 
wear, enables a uniform  d istribution  of the load to take place 
over the bearing. Experience shows th a t a single, homogene­
ous m etal or alloy is not of general u tility , for if hard enough 
to give a reasonable resistance to wear and a low coefficient of
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friction, i t  lacks sufficient p lasticity  to allow the self-adjust- 
m ent of a shaft or journal when the alignm ent is im perfect. 
This results in the load being supported en tirely  by a few small 
areas w ith a consequence th a t the oil film m ay be broken con­
tinually , and intense local heating- and possible seizing* and 
scoring of the journal takes place.

Of recent years atten tion  has also been draw n to the possi­
b ility  th a t, even when the alignm ent is o riginally  perfect the 
duplex structure of constituents of differing hardness may have 
an advantage over a homogeneous m aterial in  assisting in the 
efficient lubrication  of the bearing. This is referred to la ter.

In  addition to its ab ility  to resist wear, to adapt itself to the 
journal and to keep down frictional losses there are a num ber 
of other properties which have to be considered in  selecting a 
bearing m etal for a p articu la r purpose. Thus it is necessary 
th a t the alloy as a whole should have sufficient compressive 
strength  at the tem perature of runn ing  of the bearing to w ith­
stand the load pu t upon it. I t  m ust not be b rittle  and in  cer­
ta in  cases m ust be able to stand up to considerable “  pound­
in g .”  I t  m ust not cause excessive wear of the journal, and 
m ust be capable of being “ worked ”  w ith  com parative ease. 
I ts  m elting  point is of im portance because, if th is is too low, 
accidental m om entary heating  of the bearing m ay cause serious 
trouble, while if it  is h igh, casting difficulties tend to increase. 
H igh  therm al conductivity is beneficial in  assisting cool runn ing  
while the capability  of being rem elted repeatedly w ithout de­
terioration  is convenient and economical. Excessive shrinkage 
during  solidification is objectionable in  a white bearing m etal, 
as it tends to cause separation of the liner and shell w ith  a con­
sequent lack of rig id ity  and increase of resistance to heat con­
duction. L astly  the question of cost is n atu ra lly  one of im ­
portance.

All these properties are m ainly dependent on two factors. 
These are, firstly, the chemical composition, which determ ines 
the nature of the constituents present, and secondly, tlie micro- 
structure or arrangem ent of these constituents. I t  m ust be 
pointed out th a t it is the m icrostructure of the alloy in  the 
bearing th a t is im portant and th is is determ ined to a very 
large extent by the casting practice when preparing  the bearing. 
In  considering these two factors the inform ation afforded by 
microscopical exam ination is of the greatest assistance, as by 
this means the effect of these variables on the natu re  and 
arrangem ent of the constituents m ay be observed.
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Tin, lead, copper, antim ony, zinc, nickel and other m etals 

are used in m aking the various hearing metals, bu t the most 
used alloys fall p rincipally  into three groups, the tin-base, the 
lead-base, and the copper-base alloys, the groups containing 
tin , lead and copper respectively as predom inant m etals. The 
first two belong to the wider class of alloys known as “  white 
m etals,”  while the th ird  are for the most part among the so- 
called “  bronzes.”

T i n - B a s e  A l l o y s .
I f  a little  copper is added to tin , provided there is more than 

one per cent, present, the microscope shows th a t the resulting 
alloy is composed of two constituents. One of these, which is 
present in the form of needle-like crystals, is a compound of 
tin  and copper * containing about 60 per cent. tin . The re­
m ainder of the alloy, which forms a m atrix  in which the needles 
are buried, is an in tim ate (eutectic) m ixture of tin  w ith a little  
of the copper-tin compound (See F ig . 1). The needles are some­
times arranged in a star-shaped form ation and F ig . 2 shows a 
beautifu l specimen of one of these crystals obtained under 
special conditions.

If , alternatively , we add antim ony to tin , while the antim ony 
content is below seven per cent., only one constituent, a solid 
solution is obtained. W hen more than  seven per cent, a n ti­
mony is present, cubic crystals of a compound of antim ony and 
tin  (Sb Sn) appear, and the alloys consist of a m ixture of these 
and the solid solution.

Now, since the compounds in both the above cases are harder 
than  the surrounding m atrix , these alloys m ight conceivably be 
used as bearing metals. There are, however, certain  disadvan­
tages in doing this, and what is actually  done in practice is to 
add both copper and antim ony to the tin . I t  is found th a t the 
m etals act very sim ilarly  when the three are present together, 
as they do above in pairs. W hen the antim ony is below about 
seven per cent, the alloy consists of the com paratively hard  
needle-like crystals of the copper-tin compound embedded in a 
softer m atrix , which is a m ixture of this compound w ith the 
antim ony-tin  solid solution and some tin . W here considerable 
toughness is required, an alloy of th is type is often used. One 
such has a composition: —

Tin, 93% ; A ntim ony, 3-5%; Copper, 3-5%.
*It is not yet certain  w hether th is so-called f constituent is correctly  term ed a compound, but th is  designation is used here for convenience.



Fig. 1.
Copper-tin Alloy.

Copper 10 per cent. T in  90 per cent.

Fig. 2.

T h e  m agnification  in all th e  illu stra tions is 100.



F ig. 4. F ig. 5.
T h e  m agnification in all the  illu stra tio n s is 100.



Fig. 6.
T in-Base B earing Metal. 

C ontaining 14-15 p er cent. lead.

F ig. 7. F ig. 8

T h e  m agnification  in all the  illu stra tio n s is 100.



°c
TABLE 1.

P h y s i c a l  P r o p e r t i e s  o f  S o m e  W h i t e  M e t a l  B e a r i n g  A l l o y s  1 
(Mundey, Bissett & Cartland—J. Inst. Metals, 1922, X X III , p. 141.)

Composition. T ensile  T est2 B rinell H ardness Com pression T est3
Alloy | N um ber

No. U ltim ate  Strength. E longation per 10 m .m . Ball. Y ield P oin t. Com pressed to H alfSn. | Sb. Cu. Pb. cen t, on 2 cm. 500 k.g. load. L ength.Tons p e r  sq. in . Tons p er sq. in. Tons p er sq. in . Tons per sq. in .

1 93 0 3'5 3'5 _ 5'12 11-6 2 4 9 3-569 14*732
2 86'0 10'5 3 5 — 6’65 7'1 33 3 4 372 17232
3 78 0 11-0 1 1 0 — 6 36 None 3 7 0 4'5,50 178.56
4 83'0 10.5 2 5 4 '0 5 6 0 None 34'5 4 284 17-640
5 HO'O 1 1 0 3 0 6 0 5 70 None 32-1 4 640 17'500
6 60 0 lO'O 1 5 28 5 5 04 None 27-1 3 696 12 856
7 40'0 1 0 0 1 5 48‘5 4'58 None 2 T 8 3*660 11 '284
8 •20 0 ! 15*0 1 5 63 5 5'48 None 3 1 3 4-016 12212
9 5’0 15'0 — 80'0 4 6 9 2 8 2 4 9 3'59 13 356

1 Test pieces cast into cast iron stick moulds. Casting tem perature 350° C. Mould tem perature 100u C. approx.
2 Acting portion of test piece O'564 in. in diam eter and length 2 ins.
8 Compression test pieces were cylinders 0*564 in. diam . x  0 '5  in , h igh. Yield Point taken as load producing 

perm anent deform ation of O’OOl in.

BEARING 
METALS.
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used for repair work. F ig . 5 shows the raicrostructure of a 
sim ilar alloy containing a little  less copper. The effect of the 
h igh  copper content is to extend the tem perature range between 
the first separation of, crystals and complete solidification. 
D uring th is period the alloy, being a m ixture of solid and 
liquid , is in  a “ pasty ” condition and can be moulded to any 
required shape.

The white bearing m etals of h igh tin  content which have 
been referred to above, are much used where a com bination of 
hardness and toughness is needed and where the bronzes m en­
tioned below are not suitable, as, for exam ple, in, certain  
th ru s t and step bearings. Owing, however, to the h igh  price 
of tin  these alloys are subject to the d isability  of h igh  in itia l 
cost. F o r this reason early efforts were made to replace some 
of the tin  w ith m uch cheaper m etal lead.

Lead forms no compounds or solid solutions w ith the tin , 
antim ony or copper of these alloys, and so exists in the cast 
m etal either as globules of lead or as p a rt of the in tim ate  
eutectic m ixture form ing the m atrix  (Figs. 6 and 8). W ith  
the addition of lead the hardness falls, though the effect is not 
marked u n til a considerable percentage of the tin  is replaced.

Table 3, taken from  a paper by Sm ith and H um phries*, shows 
the effect of adding increasing am ounts of lead to an alloy of 
composition : —

Tin, 83% ; A ntim ony, 11% ; Copper, 6-0%.
The percentages of lead are not stated, but increase pro­

gressively from alloy F .D .S . to alloy M .B. though “  even in 
the alloy poorest in tin  a very substantial percentage of th a t 
m etal is presen t.”  M undey and his collaborators* point out 
th a t the addition of lead, even in  small quantities, results in  
an entire loss of elongation, b u t th is does not appear to be 
detrim ental. Results of tests on alloys of this type, taken from 
their paper are shown in Table 1, Nos. 4, 5 and 6. B abbitt 
metals containing between 10 and 20 per cent, lead are much 
used in m arine engineering work. (See F ig . 6).

Lead is said to add to the an tifric tional qualities of a bearing 
m etal, presum ably owing to the increased difference in  h a rd ­
ness, which its addition entails, between the hard  bearing g rains

* C. A. M. Sm ith  and H . J . H um phries, “ Some Tests on W hite A nti-fric tion  B earingM etals,” J . In s t . Met. 1911 , V, p. 194.
* A. H. M undey, C. C. B isse tt and  J .  C artlan d , "  W hite M etals,” J . In s t . M etals,1 922 , xxv iii., p. 141.



C o m p o s i t io n  a n d  P h y s i c a l  P r o p e r t i e s  o f  A.S.T.M. T e n t a t i v e  S t a n d a r d  W h i t e  M e t a l  B e a r i n g  A l l o y s . 1
(Am. Soo. Test Mat. Tentative Standards 1924, j> 94).

T A B LE 2.

AlloyNo. Composition2 Yield P t.3 tons/sq. in.
Ultimate strength4 tons/sq. in.

BrinellHardness® Melting Point Tem perature of complete liquefaction.
ProperPouringTemperature

Sn. Sb. Cu. Pb. At 20°C. At 100°C At 20°C At 100°C At 20°C At 100°C °C oF °C Op °C
1 909 4'52 4-56 __ 1-97 1-18 5.74 3 1 3 17-0 8 0 433 233 — __ 825 4412 890 7-4 3 1 0 0 3 2-73 1-34 6 65 3-89 24-5 120 466 241 669 354 795 4243 83-4 8-2 8-3 0-03 2‘95 1-41 7-86 4-42 27-0 14-5 464 240 792 422 915 4914 75-0 11-6 3 0 102 2-48 0 9 6 7-20 3-08 24-5 12-0 363 184 583 306 710 3775 65*5 14-1 2 0 18-2 2-24 0 9 6 6 7 2 3-01 22-5 100 358 181 565 296 690 3666 19-8 14-6 1 5 63-7 1-70 0 9 3 6 5 0 2'70 2 1 0 10-5 358 181 531 277 3467 10-0 14-5 011 75-0 1 59 0-72 7-00 2'75 22-5 105 464 240 514 268 640 3388 6 2 14 9 0-14 794 1-52 0'78 6-98 2-75 20-0 9 5 459 237 522 272 645 3419 5 0 9 9 0 0 6 84-6 1-52 0-69 6 5 3 2-61 1 9 0 8-5 459 237 493 256 620 327

33210 2 0  5 15-7 0-12 82'0 1-50 0-82 6-90 2-57 17-5 9-0 468 242 507 264 63011 00!) 14-8 0-19 84-7 1-36 0 6 3 5-73 2-28 1 5 0 7 0 471 244 504 262 630 33212 011 2-9 0-12 89-4 1-25 0-56 6-75 2-28 14.5 6'5 473 245 498 259 625 329

1 T he Compression T est pieces were cylinders l&in. in length, Jin . d iam eter, m achined from  chill castings 2in. in length  and lin . d iam eter.T he B rinell Test was m ade on bottom  face of para lle l m achined specim en cast in  a 2in. d iam eter x  f in . deep stee l m ould a t  room  tem perature.
2 The Compositions given are those of the actual alloys used. They approxim ate very closely to th e  A.S.T.M . T en tative  S tandard  Specification.
3 T he values for the Y ield Point were taken from stress-strain  curves a t a deform ation of 0'125 per cent, reduction  of Gauge leng th.
4 T he U ltim ate S trength values were taken as th e  unit load necessary to  produce a  deform ation of 25 per cent, of length  of specimen.
5 Values are average Brinell num ber of th ree  im pressions on each alloy using lOm.m. ball and 500 kg. load applied  for 30 seconds.
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and the m atrix . The principal difficulty which arises from 
its use is in  the increased care which is necessary in the pre­
paration  of the bearing, as shown below.

Zinc is occasionally added to tin-base alloys, sometimes in 
considerable amounts. I t  is said to be advantageous where 
resistance to corrosion is needed and one alloy recommended for 
such positions as stern tube bearings has a composition o f : 
T in, 70 per c e n t .; Zinc, 27 per c e n t .; A ntim ony, 2 per c e n t.; 
Copper, 1 per cent.

Nickel is also present sometimes, bu t the advantage of its 
addition is doubtful. In  fact, some tests by M undey and 
B isse ttf appeared to show th a t its effect was d istinctly  deleteri­
ous.

T A B L E  3.
(Smith and Humphries— J.Inst.M et. 1911, v, p. 194.)

Material.
Compression. Tension. S tress in Tons per Sq. In . a t F rac tu re .

Brinell H ardnes- N um ber. Load 508 Kgs.

Bending. Im pact.
Stress. Tons per Sq. In.

S tra inPerCent.
Stress. Tons per Sq. In. F oo t lbs

F .D .S ................... 5-978 145 5-00 30 8 8 60 0-33 2'99
A.M.A.................. 5-943 0 66 5'86 30-1 8‘48 0-29 3-48
T .X.S., A .l ... 5878 3 12 564 •22-3 7-93 0 5 0  2-42
T .X .S ................... 5'982 4 07 5 32 20'5 7-13 0-57 1-89
M B ....................... 5 839 30'63 4 34 172 6-34 0-68 [ 1-94

L e a d - B a s e  A l l o t s .
The replacem ent of tin  by lead in  the tin-base bearing m etals 

finally resulted in a series of alloys in  which lead was the p rin ­
cipal m etal.

The lead-base alloys usually contain between 10 and 15 per 
cent, of antim ony either w ithout or w ith vary ing  am ounts of 
tin . Copper is, in the m ajority  of cases, kept below 0-5 per­
cent., but sometimes up to 1-5 per cent, is allowable when the 
tin  content is h igh. In  the absence of tin  these bearing m etals 
consist of cubic crystals of antim ony in  a m atrix  of antim ony- 
lead eutectic. W hen tin  is present the cubes of antim ony are 
replaced by the less b rittle  cubic crystals of a solid solution of 
the antim ony-tin  compound (SbSn) in tin . E ig . 7 shows the 
structure of a lead-base alloy containing about 80 per cent, 
lead.

t  A. H. Mundey and C. C. B isse tt, “  The Effect of Small Q uantities of N ickel upon H igh G rade B earing  M eta l,” J .  In s t. M etals, 1923 , xxx., p. 115.
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Alloys No. 6— 12, Table 2, are typical lead-base bearing 

metals and some of the physical properties which m ight be ex­
pected from these are given.

E ig. 8 shows the m icrostructure of an alloy sim ilar to No. 7, 
Table 1, which contains ju st a little  more lead than  tin . Alloys 
of th is type are sometimes used for submerged bearings.

Opinions are very varied as to the relative advantages of tin- 
base and lead-base antifriction  alloys. The lead-base are cer­
ta in ly  softer and more easily deformed, while considerably 
more care is necessary in casting them  owing to th e ir h igher 
viscosity in the molten state and the heaviness of the lead (see 
below). The higher fluidity of the tin-base alloys allows of a 
th inner liner being poured and thus greater support is given 
tio the lin ing  by the shell. In  addition, alloys containing 
lead are more liable to p ittin g  should the lubrican t be at all 
alkaline. On the other hand lead-base bearing m etals are 
said to have preferably an tifric tion  properties and to wear 
better. I t  has also been widely stated, sometimes w ith experi­
m ental evidence*, th a t lead-base alloys retain  the ir properties 
better at raised tem peratures, bu t laboratory tests in the tTnited 
States Bureau of S tand ardst have given an opposite result.

Taking everything into account, it may be stated th a t where 
h igh pressures and high speeds are co-existent or where any 
pounding action on the bearing surface is possible, tin-base 
bearing metals are preferably employed, but in m any other 
cases the cheaper lead-base alloys may be equally well used, 
always providing the) appropriate care is taken in  making 
the bearing.

M ention must here be made of a type of lead-base bearing 
m etal which was developed, under different names, in several 
countries during the late war, p rincipally  in order to avoid 
en tirely  the use of the then exceptionally scarce and expen­
sive tin . In  this case small quantities (usually less than  3 per 
cent.) of the alkaline earth  m etals, barium  and calcium, are 
added alone or accompanied by antim ony. I t  is claimed that 
th is m aterial gives better results than  a h igh  grade tin-base 
alloy. I t  has, however, to be prepared electrolytically and 
is liable to give considerable trouble in rem elting owing to

* J .  L . Jones “ B ab b itt and  B ab b itted  B earing s ,” T rans. Amm. In s t , of M ining and  M eta llu rg ica l E ngs., 1919, Vol. IX ., p. 458 .
+ F. It. Freem an and R . W. W oodward, ' ‘ Some P rop erties  of W hite M etal B earing A lloys a t  E levated  T em pera tu res.”  Tech. P a c e r  of IT.S. B ureau of S tandards,No. 1 8 8 , 1 9 2 1 .
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losses of the hardening constituents by oxidation, while the 
usual casting difficulties of lead-base alloys are pronounced.

C o p p e k - B a s e  A l l o y s .
W here the bearing m etal has to stand up to very h igh  pres­

sures and heavy blows and especially where the norm al tem ­
perature of runn ing  of the bearing is h igh, the white m etals re­
ferred to above cannot always be used and in these circumstances 
alloys are employed in  which copper is the principal m etal. 
These are produced by adding tin , lead or zinc separately or to­
gether to the copper, while additions of phosphorus are often 
made.

U nder ordinary conditions of casting, th a t is, w ithout too 
slow a rate of cooling, a copper-tin alloy containing above 
8 or 9 per cent, tin  will show two constituents under the m icro­
scope (Figs. 9 and 10). One, form ing the greater p a rt of the 
m aterial, is a solid solution (a constituent) and the other is 
an in tim ate  (eutectoid) m ixture of th is a solution with a very 
hard , b rittle , b luish grey compound (8 constituent). The in ­
crease of the tin  content, which sometimes reaches 15-0 per 
cent., results in an increase in  the am ount of the 8 constituent 
w ith a consequent rise in hardness and brittleness. The fu rth e r 
addition of phosphorus, besides assisting in  the production of 
a sounder casting, gives rise to the presence of another hard 
compound of phosphorous and copper.

The A dm iralty  specification for phosphor bronze for h ig h ­
speed bearings stipulates 0-3— 0-5 per cent, phosphorus, 90 
per cent, copper and the rest tin . This should have an u lti­
m ate strength  of 15 tons per square inch w ith 10 per cent, elon­
gation. S im ilar compositions are used in  the m erchant ser­
vice. W here specially hard  bearing surfaces are needed the 
phosphorus is occasionally raised to 0-75 per. cent.

A lthough the copper-tin and copper-tin-phosphorus alloys 
make extrem ely useful bearing m etals in certain  circumstances, 
they suffer from a lack of p lasticity  and moreover, the harder 
constituents necessitate corresponding hardness in  the journal 
in order to avoid scoring. W ith  a view to increasing plas­
tic ity , additions of lead are made. In  these lead bronzes the 
lead rem ains free ju st as in the white m etals and is distributed 
more or less uniform ly throughout the alloy in  the form  of 
m inute globules. AVhen lead is added the percentage of tin  is 
often lowered to below eight per cent, so th a t the alloy sim ply
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consists of the copper-tin solid solution and lead. E ig . 11 
shows the structure of one such alloy. The lead-containing 
bearing metals, known in some cases as “  plastic bronzes,”  are 
cheaper, more easily worked and have a lower rate of wear 
than  the lead-free alloys.

G. H . Clamer has made an exhaustive study of the effect of 
adding lead to bearing bronzes. A summary of some of his tests 
are given in Tables 4 and 5. Table 6 shows the properties which 
m ight be expected from some lead-bronze bearing metals- 
adopted as standard by the Am erican Society for Testing 
M aterials.

Zinc is sometimes added to bronzes with the object of pro­
ducing sounder castings, but since it  goes into solution in the  
copper-tin solid solution, m aking it harder, it tends to affect 
adversely the antifric tional and mechanical properties.

Zinc sometimes replaces tin  altogether, giving the cheaper 
“ brasses,”  but in the case of these alloys the tensile strength  
and ductility  is not h igh and th e ir use is lim ited to lig h t work 
only.

Nickel is also added to bronzes to increase soundness but i t  
is doubtful whether its effect is thoroughly understood.

E f f e c t  o f  C a s t i n g  o n  M ic r o  s t r u c t u r e .

The second factor upon which the satisfactory service of a  
bearing metal depends is its m icrostructure in the bearing. As 
stated above, th is is almost completely controlled by the casting  
of the actual part and it  cannot be too strongly emphasised 
th a t the most expensive, best quality  antifric tion  alloy can 
have its properties seriously im paired by faulty  casting prac­
tice.

The successful m elting and casting of any alloy is dependent 
upon a num ber of factors. These are (1) the highest tem pera­
ture reached by the molten m etal, (2) the tim e during  which 
the alloy is in  the liquid condition, (3) the casting tem perature 
and (4) the rate of cooling after pouring, th is being deter­
mined partly  by (3), partly  by the volume of liquid and p artly  
by the size and tem perature of the mould (i.e ., the shell and 
m andrel). The effect of these variables, on the casting of a 
bearing m etal has been carefully  studied during  the past few



TABLE 4.
C o m p r e s s iv e  S t r e n g t h  o f  B r o n z e  B e a r i n g  A l l o y s  ( G . I I .  C la r n e r ) .

Chemical composition (per cent.)
Compressive proportional lim it.

Compression under load of 100,000 lb ./in2 (70‘8 kg/m m 2).

Chem ical composition (per cent.)
Compressive proportional lim it.

Compression under load of 100,000 lb ./in .2 (70'3 kg/m m 2).

Cu Sn Pb Zn kg/m m 2 lb ./in .2 per cent. Cu Sn Pb Zn kg/m m 2 lb ./in .2 per cent.
95 5 0 0 ' 1 2 '7 18 ,000 31 75 5 10 10 1 3 '4 1 9 ,0 0 0 32
90 10 0 0 1 7 6 2 5 ,0 0 0 26 75 5 20 0 10 '5 15 ,0 00 —

90 5 5 0 1 3 4 1 9 ,0 0 0 32 75 10 5 10 1 9 0 2 7 ,0 0 0 19*5
85 5 5 5 12 '7 1 8 ,0 0 0 33 75 10 10 5 2 0  0 2 8 ,5 0 0 22
85 5 10 0 1 2 ’7 IS ,000 36 75 10 15 0 16  2 2 3 ,0 0 0 32
85 10 5 0 15 5 2 2 ,0 0 0 26 70 5 25 0 1 1 6 1 6 ,5 0 0 —

80 5 5 10 1 2 7 18 ,000 32 70 5 10 15 1 3 0 1 8 ,5 0 0 30
80 5 10 5 1 1 3 16 ,0 00 34 70 5 20 5 1 2 3 1 7 ,5 0 0 —

80 5 15 0 1 1 '3 1 6 ,0 0 0 39 70 10 20 0 1 4 8 2 1 ,0 0 0 —

80 10 5 5 19 0 2 7 ,0 0 0 21 70 10 5 15 28-1 4 0 ,0 0 0 17
80 10 10 0 16 2 2 3 ,0 0 0 29 70 10 15 5 1 8 3 2 6 ,0 0 0
75 5 5 15 12 0 1 7 ,0 0 0 28 70 10 10 10 2 0 4 2 9 ,0 0 0 17
75 5 15 5 1 3 0 1 8 ,5 0 0 — 65 5 30 0 10 5 15 ,0 00 —

BEARING 
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years and the results of these investigations may he sum­
marised as follow s: —

The principal danger in getting  the liquid alloy too hot is 
in the oxidation of the m etals. Besides lowering the content 
of the hardening m etals, antim ony and tin , oxidation may lead 
to the inclusion of oxides in  the bearing. As some of these 
are extrem ely hard  (tin  oxide is stated to be harder than  
hardened steel) increased wear and scoring of the shaft, etc., 
may take place. Brittleness and poor adhesion to the shell 
may also result. These effects are, of course, enhanced by re­
peated rem elting to too h igh  a tem perature. In  addition to 
th is, Hudson and Darley* have pointed out a fu rth er deleteri­
ous effect of h igh tem perature on molten white metals con­
tain ing  copper. They conclude th a t there is a critical tem ­
perature for each a llo y ; cooling w ithout stirring , from above 
this point, (stated to be about 50°C. above the tem perature of 
the commencement of solidification) results in  an increase in 
size of the hard  needle-like crystals, w ith a consequent em brit­
tlin g  effect, while by keeping below the critical tem perature a 
su itably  fine structure is obtained. In  case of slight acci­
dental overheating careful s tirring  will obviate a g reat deal of 
the last effect.

TA B LE 5.
W e a r in g  T e s t  o f  so m e  B r o n z e  B e a r in g  A ll o y s  

(G. S .  Ciamer).
Total number of revolutions 100,000 (525 r.p.m.).

Pressure 1,000 lb/in3 (0‘70 kg/mm2).
Chemical Composition (per cent.) i Temperature. Wear.

Cu. Sn. Pb. Zn. "C. °F. gr. g-85-76 1490 28 82 0-2800 0'018195-01 4 "95 29 84 •0766 ■004990-82 4 62 4-82 29 84 •0542 003581-27 5 1 7 14-14 32 90 '0327 •002168-71 5 24 26-67 32 90 . •0204 •001385-12 4'65 10-64 31 88 •0380 ■002579-84 4'71 10-30 5 44 37 99 •0466 •003074-28 4'68 1051 1104 38 100 •0846 •0055

* O. F . H udson and J .  H . D arley , “  The C onstitu tion  and S tru c tu re  of C erta in  Tin- A ntim ony-Copper A lloys,” J .  In s t. M etals, 1920 , xxiv., p. 361 .



TABLE 6.
T a b l e  S h o w in g  P h y s ic a l  P r o p e r t i e s  o f  B r o n z e  B e a r i n g  M e t a l  A l l o y s . 

(Proe. A S .T .M . 1920, X X , p . 565).

Alloy No,
Desired Composition. U ltim ate tensile s treng th  tons per sq. in 1.

E longation in  2 in. p er c en t.1
B rinell H ardness (500 kg. for 30 sec.)

Compression E lastic  lim it tons per sq. in-2Copper per cent. T in  per cent. Lead per cent. Zinc Max. per cent. Phosphorus per cent.

1 85 10 5 0-25 0'70 12‘5 125 GO 8 02 80 10 10 0'50 0 7 0 112 8 55 6'73 80 10 10 2'00 0 0 5 9 ’8 8 50 5 64 77 8 15 0 50 0 25 8 9 10 48 5-45 73 7 20 0 5 0 0.05 8 0 7 45 4 '96 70 5 25 n o n e n o n e 6‘7 5 40 4 ’5

1 The tension tests were made 011 “  sand cast-to-size ”  test specimens.
2 The compression tests were made on machined test specimens (sand castings) of 1 sq. in. sectional area, 1 in. high. 

The elastic lim it is taken as the load producing a compression in the specimen of O'001 in.

CD
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The time during which the alloy is molten has to be con­

sidered m ainly because of the above-mentioned oxidation 
troubles bu t also because of the tendency of the heavier por­
tions of the liquid, more particu larly  lead, to sink to the bottom 
of the pot or ladle w ith  the result th a t the m etal poured first, 
either from the top or bottom of the container, will be of a 
different composition from th a t for which the alloy was orig in­
ally  made up. Especially m ay this be the case where the 
filling of a large bearing or a num ber of small ones is being 
attem pted and the m etal cools in  the ladle too near or past the 
start of solidification. These effects are also operative in the 
shell after pouring the metal and when solidification has com­
menced, so th a t, if  complete solidification is delayed over long, 
one p art of the bearing may become of quite different composi­
tion and structure from another. (See E ig . 12). For this 
reason, pouring, once started, should be completed as quickly 
as is consistent w ith care.

The best tem perature of casting will depend largely  on the 
composition of the alloy. I t  m ust be h igh  enough to allow the 
whole bearing to be filled before the m etal loses its liqu id ity  
and yet m ust not be so h igh  as to give the objectionable effects 
noted above. The tin-base white metals have an advantage in 
in  this respect, the more viscous lead alloys needing much more 
careful tem perature control.

T A B LE 7.
(C. II. Bierbaum, Trans. Am. Inst, of Min. and Met. 1923 p. 972).

N am e of Substance. W idth  of M icrocut, A verage.
M icro­hardness,Average.

Lead, e.p., P icher ........................................................ 3 7 '7 7-03
T in , c.p ., electrolytic ... 2 9 '3 1 1 7
Copper, c.p., Karitan ... 1 1 '8 7 8 '4
A ntim ony, commercial 9 1 1 2 1 0
SnSb crystal as found in Babbitt 6 '9 2 0 8  0
Nickel, c.p ., In ternational Nickel Co. 6 '4 244  0
PCU3 crystal as found in phosphor bronze... 6 1 267  0
Iron , Swedish, softest crystal 4 8 420  0
Cobalt, c .p ., In ternational Nickel Co. 4 0 625  0
SnCu3, or delta crystal in copper-tin bronze 3 '6 750  0
SnCuj, hardest crystal in  high-Cu hardened babbitt 3 2 1006  0
H ardened steel—Johansson test blocks 2  2 2 229  0
SnOj (fused) as found in  burned bronze ................ 1 4 5 3 9 0 .0
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The rate of cooling during solidification is of extrem e im ­

portance. I t  is controlled to some extent by the casting tem ­
perature, but is also considerably influenced by the tem pera­
tu re  of the mould (shell and m andrel). Too rapid  cooling re­
sults in  the p artia l or complete prevention of the separation of 
the hard  particles, these compounds rem aining partly  dissolved. 
Even where they do crystallise th e ir size rem ains sm all. Too 
slow cooling, on the other hand, will cause excessive growth of 
the hard  constituents and a general coarsening of the m icro­
structure w ith  a consequent em brittling  of the alloy. F igs. 
13 and 14 show the effect on the cubic crystals in  a tin-base 
w hite m etal and Figs. 15 and 16 dem onstrate the coarsening of 
the structure which m ay result in a lead-containing alloy on 
cooling too slowly. Experience indicates th a t the cubes of the 
antim ony-tin  compound should have sides of about 0-05 mm. 
for best service.

In  the case of the bronzes the rate of cooling m ust be such 
th a t the hard  a + 8 eutectoid m ixture is uniform ly distributed , 
but yet does not form  a continuous network, which is weaken­
ing. (See F igs. 9 and 10). The d istribution  of lead is of im ­
portance in  these alloys also. Control of the m icrostructure 
of the bronzes is p rincipally  effected by means of the casting 
tem perature.

There can be little  doubt th a t, where it  is possible, accurate 
tem perature control by means of pyrom eters is well worth while 
in  the casting of bearing liners. W here, however, an occa­
sional job only is done other means have to be adopted. The 
well-known method of determ ining casting tem perature by 
means of the charring  of a pine chip is useful when used with 
in telligence, keeping in m ind the points m entioned above. 
Lead-containing white m etals need to be poured at a lower 
tem perature than  the tin-base alloys and browning of the pine 
chip ra th e r than  excessive charring  gives a correct indication. 
As regards the shell tem perature, th is will depend on its size 
and the am ount of m etal to be poured. F o r large bronze bear­
ing shells 212°F. (boiling water) is suitable when pouring a 
white m etal liner. W ith  sm aller shells a somewhat h igher 
tem perature is advisable. Steel shells usually  need to  be 
heated more than  bronze. Care m ust be taken not to heat the 
m etal to too h igh  a tem perature and to pour as soon as possible 
a fte r reaching the correct point. Jo ltin g  of the bearing during  
the solidification period should be avoided*.

* I t  is suggested  th a t  i t  is w orth  w hile m ak ing  a note of th e  conditions of lin ing  each bearing  and  of th e  service obtained as a  resu lt. W hen th e  p rocedure th a t  produces good service in any p a r tic u la r  bea ring  is found i t  should be followed as closely as possible on fu tu re  occasions.
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A ttention  may be directed here to one detail of lin ing  bearing 

shells, the beneficial effect of which is perhaps not as univers­
ally  realised as it  m ight be. This is the thorough cleaning 
and careful “  tinn ing  ”  of the shell before pouring in the white 
m etal. I f  th is is properly done (a 5 0 :50  solder or the white 
m etal itself may be used) the liner is held firmly to the shell 
over the whole bearing and distortion of the lin ing  when it 
expands on heating  may be avoided, while the m etallic con­
tin u ity  improves heat conductivity and assists cool running .

One other practice which has been shown to affect the struc­
tu re is th a t of ham m ering or “  peening ”  the bearing after 
casting, w ith a view to bedding it  more firmly in  the shell re­
cesses. This has been proved by microscopical exam ination to 
be d istinctly  harm ful in  some cases, resu lting  in  the sp litting  
up of the hard  but b rittle  cubes and actually  giving a softer 
surfacet-

T h e  T e s t i n g  o f  B e a r i n g  M e t a l s .
The question of an adequate test which may be applied to 

any particu lar m aterial is of considerable im portance to an 
engineer because it is the principal means available for ju d g ­
ing  the su itability  of the m aterial for the work for which i t  is 
required. U nfortunately , in the case of bearing alloys, especi­
ally  the “  white m etals,”  no really  satisfactory means of sup­
plying this inform ation by tests has yet been devised. One 
difficulty is th a t no single simple test can give easily in te r­
preted data on all the properties required from an antifriction  
alloy. Another is th a t since it  is the properties of the metal 
when in  the bearing th a t are im portant, i t  is necessary th a t 
the test piece should have a somewhat sim ilar m icrostructure 
to th a t of the alloy when in this position and the difficulties of 
reproduction in this respect will be obvious. For these rea­
sons, standardisation has, up to the present, been practically  
impossible and it  will be noticed how the details and types of 
test vary in  the appended tables of results obtained by different 
authorities. The following observations on the various tests 
which have been applied, indicate the sort of inform ation pro­
vided by the existing methods of testing.

H ardness.— Inden tation  tests of the type of B rinell’s give 
some indication of the p lasticity  and tenacity  of a bearing

t  See, e.g., H. E. F ry  and W. R osenhain, “  O bservations on a  T ypical B earing  M etal,” J .  In s t . M etals, 1919 , xxii., p. 217.
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m etal. Owing to tlieir simple nature they are also useful in 
a comparison of the properties of the alloy a t ord inary  and 
elevated tem peratures. In  applying these tests to soft alloys 
such as the white m etals, the tim e of loading is im portan t and 
should be stipulated. Increase of size of the impression may 
continue for as long as three m inutes.

Tests of the Shore scleroscope type are sometimes used, but 
are not very satisfactory owing to the heterogeneous nature  oi 
the alloys.

Besides the hardness of the alloy as a whole the hardness of 
the various constituents is of im portance. I f  the journal is 
softer than  the harder grains in the bearing m etal, scoring and 
rapid  wear of the form er is possible. A committee of the 
Am erican Society of M echanical Engineers have developed a 
scratch hardness test for determ ining the hardness of bearing 
m etal constituents, and Table 7 shows some data so obtained. 
I t  will be noted th a t the copper-tin compounds are considerably 
harded than  iron, and other results show them  to be harder 
than  0-12 per cent, carbon steel, while the oxide of t in  (Sn 0 2) 
is twice as hard  as hardened steel.

Tensile Test.— This, the most generally  useful test to the 
engineer, is not of g rea t value in  connection w ith bearing 
metals, as they are rarely , if ever, stressed in  tension. P e r­
centage elongation and reduction of area may act as an indica­
tion of the p lasticity  of the alloy as a whole, bu t deductions 
from  these have to be made w ith caution as, for exam ple, ip 
the case of the lead-containing alloys.

Compression Tests.— The compressive stress under which a 
bearing alloy begins to yield is of considerable im portance, as 
is also th a t a t which it will crack. S tandardisation  of the test 
is necessary, however, in  order th a t comparison of results may 
be possible. Probably the sim plest means of doing th is in the 
case of the white m etals would be the specification of the load 
necessary to dim inish the length  of a standard  sized specimen 
by some given proportion (one-half, say).

Im pact T est.— The im pact properties m ay be im portan t in 
the case of alloys used in positions where “  pounding ”  occurs 
bu t cannot be said to be of general u tility .

Lynch has devised a sort of combined im pact and compres­
sion test which consists of dropping a weight on to a standard  
specimen for a given num ber of tim es and then exam ining the 
alloy. I t  is useful for comparison purposes.
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None of the above tests, however, give inform ation, except 

by somewhat doubtful inference, on the A ntifr ic tiona l Proper­
ties, which are, of course, the most im portan t of the character­
istics of the alloys under discussion. Several machines have 
been devised for supplying this type of inform ation. These 
mostly consist of a means for producing the rapid  rotation  of 
a journal in contact w ith  a surface of the alloy, a known load 
being applied. F rictional losses are measured in  various ways 
while the wear is determ ined either by weighing the specimen 
before and after the test or by m easuring the impression made 
on a flat surface of the alloy by the ro tating  shaft. Even in 
this case, however, the value of the data obtained is still ques­
tionable owing to the large num ber of variables whose influence 
m ust be taken into account. The nature and method of supply 
of the lubrican t and the tem perature of operation are examples 
of the factors which are not easily controllable, while the 
necessity of runn ing  at h igh speeds in  order to economise time 
m ay v itia te  the results in some cases.

The Spreading Power of a lubrican t is very largely affected 
by the metal and the nature of the surface w ith which it  is in 
contact and a test for m easuring this property has been devised 
by D allw itz-W egner*. Though th is test should yield some 
in teresting  results, knowledge of the whole question of lubrica­
tion is as yet so meagre th a t it  is quite uncertain  how they 
will apply to the case of the oil film existing between a ro tating  
journal and the bearing m etal surface.

The im portance of Chemical Analysis and Microscopical 
Exam ination  will be obvious from the earlier portions of the 
paper. The question of the effect of im purities has only been 
touched upon bu t here also chemical and microscopical ex­
am ination are invaluable in  detection and control.

L u b r i c a t i o n .

Much m ight be w ritten on the subject of the lubrication  of 
bearings, bu t space forbids more than  a short reference to the 
possible effect of the bearing alloy on the efficiency of the 
lubrication .

As m entioned above, it has been fairly  widely stated th a t 
one of the principal, if  not the chief, advantage of a bearing

von D aliw itz-W egner, “ A Novel Simple, and U niversal M ethod for th e  In v e s ti­g ation  of L u b rica tin g  Oils and B earing  A lloys,”  T esting , 1924 , i, p. 58
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m etal is in the beneficial effect which it  may have on the pre­
servation of the oil film in the bearing. In  fact, the Am erican 
Society of M echanical Engineers goes so far as to define a bear­
ing  metal as “  an alloy th a t is capable of re ta in ing  a lubrican t 
on a bearing surface.”  The supposition is th a t the wearing 
away of the softer constituent results in the production of 
m inute channels th rough which the oil is conveyed by some­
th ing  akin to capillarity .

R ecent work on oil films would seem to enhance the reason­
ableness of th is view. I t  has been shown th a t where the pres­
sure is greatest the oil film consists of very few molecules (some­
tim es only two) and th a t the viscosity of the oil increases enor­
mously as the film thickness decreases. I t  would therefore 
seem feasible th a t the m ending of a broken oil film would be 
least easily accomplished where two perfectly smooth surfaces 
bear on one another, for here the area covered by the th innest 
p a rt of the oil film would be greatest. In  the case of the 
roughened surface of a bearing m etal, however, the areas of 
th innest film thickness are small and are surrounded by chan­
nels in  which the filfn is th icker and the viscosity therefore 
less. There appears to be little  definite evidence for the above 
hypothesis except th a t i t  is well known th a t oil often spreads 
(upward) more easily on a rough surface than  on a smooth one.

A nother possibility arises out of the deduction th a t an 
“ o ily ”  surface is produced by an attachm ent (probably 
chemical) of one end of the molecular chains of the lubrican t 
to the face of the m etal. I t  would seem th a t, if th is is so, ad­
hesion of the film m ight be greater in  the case of certain  com­
binations of lubrican t and m etal than  in others. The im port­
ance of these finer distinctions does not appear to be considered 
great a t present, bu t it  seems possible th a t, if  speeds increase 
very greatly  beyond w hat they are at present, questions of this 
kind may need investigation.

In  conclusion i t  may be stated th a t before m uch fu rth e r 
work on the m etallu rgical side of the! question of bearing 
m etals is possible two th ings are necessary. The whole pro­
blem of the testing of these alloys requires atten tion  w ith  a 
view to obtaining, if possible, some simple tests which may 
be standardised, while a fuller knowledge of the mechanism of 
lubrication  is urgen tly  needed. The la tte r  question is being 
actively attacked at present and fu rth e r inform ation should 
soon be available. In  the meantim e i t  is considered th a t the
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m etallurgy of the hearing m etals has reached a sufficiently ad­
vanced stage to he worthy of the engineer’s serious atten tion  
so th a t the most suitable type of alloy m ight be chosen for each 
bearing position and th a t the best service be obtained from 
th a t alloy by the production of the most advantageous m icro­
structure during the m aking of the bearing. I t  is hoped th a t 
the inform ation in this paper may be of some assistance in  
this direction.

F inally , the author wishes to express his g ratitude to Messrs. 
F ry ’s M etal Foundries, L td ., to Messrs. The E yre Sm elting 
Co., L td ., and to Messrs. J .  Stone and Co., L td ., for supplying 
a num ber of samples of th e ir bearing m etal products. He is 
particu larly  gratefu l to Mr. A. H . M undey of the first-named 
firm and Mr. W esley Lam bert of the last-nam ed, for th e ir 
kindly in terest and assistance in  providing some of the illustra ­
tions. Thanks are also due to those of his colleagues a t the 
Research D epartm ent, W oolwich, who help in the production 
of the rem aining photo-m icrographs.

DISCUSSION.
Mr. L. F . P . S o e g e  : W ith  regard to the cooling out of the 

m etals, one slide showed some portions of the m etal term ed a 
compound, and others composed of separate needles and cubes. 
I  should like to know whether th is compound is an actual m ix­
ture of the tin  and copper in  the form of a separate alloy, or 
whether the needles exist in the tin  as a m ix tu re ; also whether, 
if the tem perature is too high, and oxidation takes place, one 
method of overcoming this is by stirring?

I  should have thought th a t oxidation would occur more 
readily  as a result. As regards plastic metals, every tim e I  
have tried to use them , no m atter how carefully, they have 
been short and b rittle , and inclined to break.

As regards engineers not taking sufficient in terest in alloys 
generally, I  find th a t even in  a ship going to various ports 
where stocks of well-known brands of white m etals are carried, 
when shells are sent ashore to be filled they still come back 
faulty .

Mr. F .  0 .  B e c k e t t  : I  would like to thank Mr. Griffiths for 
his valuable paper. He has raised a num ber of points which I  
did not an ticipate. On proof page 6 he states th a t he finds th a t 
bearings w ith an oil film on rough surfaces work better than  
those w ith  smooth surfaces. I  cannot quite agree w ith  th a t 
statem ent, and would be glad if he would illustra te  it  further.
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M audslay, W a tt and several others tried  various experim ents 
•on bearing surfaces to ascertain the effects of smoothness of 
surface and otherwise, and of oils of different viscosities. In  
■one experim ent they tried  leather as a bearing surface m aterial.

As regards the ham m ering-up of bearings, there are m any 
instances of bearings other than  white m etal being treated  in  
th is way. I  notice th a t the au thor objects to the practice, 
owing to the needles being broken, b u t I  understand th a t 
there is a commonly accepted idea th a t the pouring process 
hardens the surface before m achining. The tin n in g  of the shell 
■casting is certain ly  im portant, and I  th ink  th a t the castings 
should first be pickled w ith  acid. I  heard of a ra ther serious 
•explosion which occurred a t Liverpool, due to im purities in a 
bearing shell casting when the white m etal was poured into it. 
I  have frequently  been surprised a t the large num ber of bear­
ings which I  have seen re-lined in various foreign p o r ts ; the 
most unusual of these jobs was a th rust block where there was 
a s tra igh t surface— owing, I  suppose, to the heat generated and 
the  position for ventilation  being unsatisfactory.

The au thor suggested th a t engineers do not always interest 
themselves in  b ea rin g s; I  th ink  th a t, as regards some of the 
old horse-shoe bearings, the shafts were mucli too small in 
diam eter.

M r .  A. H . M u n d e y  (V is ito r): I  would like to congratulate 
Mr. Griffiths on two points, firstly, for his courage in  coming 
here to lecture m arine engineers who know all about bearings, 
iind who were dealing w ith bearings before Mr. Griffiths 
thought of them . The m arine engineer is natu ra lly  interested 
in  bearings and the way they behave.

Mr. Griffiths has treated  the subject so thoroughly in th is 
paper th a t he has not left a bro ther m etallurgist much scope for 
discussion. I  would like to emphasise one or two points, not 
because M r. Griffiths has not mentioned them , b u t you will 
already have realised during the A uthor’s illustra ted  explana­
tion how much more there is in  the paper than  appears on a 
first reading.

The first point is w ith regard to the pouring of bearing 
metals, a subject about which I  can speak from somewhat con­
siderable experience. U sually  the engineer does not trouble to 
a ttend  personally to the heating-up of the m etal— he leaves it 
to a donkeyman or even a boy, who makes the ladle hot enough 
to enable him  to run  the whole lot of bearings, possibly a dozen
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or more. Perhaps he finds he has made it a little  too hot, so he 
lets it  stand for a while, or maybe a piece of cold metal is put 
in to cool it. T hat causes local cooling and enormous segre­
gation of those crystals mentioned by Mr. Griffiths. The man 
then pours a series of bearing liners and no two of them  tu rn  
out alike because there is a continuously descending scale of 
tem peratures, and he is consequently gradually  getting  less 
and less of the less fusible m etal into each bearing. F ina lly  
he has a ladle lined with a sort of shell composed of very rich  
antim ony m etal, whereas he has been pouring out a different 
metal all along. You would find th a t the last of the m etal 
varies very much from the metal in the original ingot.

Mr. Griffiths mentioned the oxidation due to overheating, 
and the hardness of the tin  oxide, it being twice as hard  as 
hardened steel. Tin /oxide is what is popularly  known as 
“  p u tty  powder.”  I t  is one of the very best polishing 
m aterials obtainable, and one would hard ly  choose such a 
m aterial to be a constituent of a bearing m etal, and spread 
about in it like currants in a pudding. The original ingot 
may have been the very best bearing metal possible, bu t it has 
been spoilt during the m elting and pouring operations.

In  the case of phosphor-bronze bearings, the phosphorus is 
added chiefly as a de-oxidiser, but it  does not at all readily  
de-oxidise tin , or the tin  oxides into the m etallic condition, con­
sequently it leaves the very undesirable constituents s till in the 
bearing.

W ith  regard to tests, we all want good tests, bu t none of us 
seem to get them . Many of us are continually try ing  to devise 
tests which will satisfy everybody, bu t we do not succeed, and 
after all, the general engineering practice is quite excellent 
for engineering m aterials. I t  is generally objected th a t the 
tests do not exactly reproduce service conditions. The ordinary  
critic does not concern him self w ith the tensile strength  of a 
bearing m etal, but ra th er as to whether he has a m aterial which 
has been tried  and proved to be good in actual service. Then 
he m ay carry  out a num ber of tests upon it—tensile, B rinell, 
compression, microscopic and analytical exam ination, etc., re­
su lting  in a collection of inform ation about a m aterial which 
has already been proved to be satisfactory by experience ex­
tending over a long period. Then a specification is drawn up, 
and I  am sure you will agree th a t th a t is the best way in which 
a specification should be drawn up. Such a specification does 
furnish inform ation as to whether the m aterial under inspection
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conforms to the physical, m echanical, and chemical properties 
as a thoroughly good one. W e are everlastingly being a t­
tacked by a demand for tests which show im m ediate service 
conditions, and we cannot always give them . W e try  to do so, 
bu t it  is not necessary in  all cases.

As regards hardness, we do require hardness', and homo­
geneity. I  was once very severely trounced by some scientific 
men on th is subject, and I  am glad th a t experience is support­
ing  the fact th a t i t  is the want of hom ogeneity in  an alloy 
which causes it  to present a satisfactory surface— (not really  
a rough surface, bu t a relatively  rough surface)— the surface 
looks beautifu lly  smooth under ordinary  conditions, bu t when 
i t  is exam ined under a microscope w ith a m agnification of 
100 the mixed structure is m anifest (the piece shown on the 
screen would be covered by one spot from an ordinary  pencil).

One gentlem an criticised plastic m etals. I  th ink  he was 
m uch too young to have been in  the lines during  the G reat W ar. 
I  do not know how the artificers would have m anaged w ithout 
th a t plastic m etal. The thousand and one repair jobs th a t 
were carried out on the spot by means of th a t m e ta l! I  do 
not know how m any m arine engineers would like to go to sea 
w ithout a supply of plastic m etal. I t  is cast or used in  such 
difficult circumstances sometimes th a t I  do not th ink  we should 
quarrel w ith the fact th a t it is ju st a little  more b rittle  than  
one would desire.

R egarding the ham m ering of bearing surfaces, ham m ering is 
still carried out in the Royal Navy. A dm iral Dixon wrote to 
me some tim e ago and said th a t perhaps my condem nation of 
the practice was rig h t, but they were still going on w ith i t!  
B ut it does seem th a t ham m ering results in the rivetting  over 
of the little  hard  bits, and I  th ink  th a t Mr. Griffiths has 
shown th a t it does break down the su rface ; if you drive the 
metal down hard  you are obviously breaking down the crystal­
line structure, which, as Mr. Griffiths points out, it is desirable 
to preserve.

One speaker referred to differences between the engineers 
and the designers, but are not the designers engineers? W e 
m etallurgists get blamed by the engineers, but surely the de­
signers are engineers and very considerable m etallurgists too. 
Some of us have been associated w ith the m etallurgical educa­
tion  of some engineers, and we really  cannot help feeling th a t 
the general m aintenance and executive engineer should tackle
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the designer if he does not provide bearings of a desirable char­
acter.

W ith  regard to pickling, this is obviously necessary if  the 
shell is not clean. One would never th ink of filling a bearing 
without first removing any grease and d irt by means of soap and 
soda or something equally effective before pickling. I  can 
quite understand an accident being caused due to careless pour­
ing, as mentioned by Mr. Beckett. Bearings may happen to 
be le ft damp sometimes, and th a t is probably the most fru itfu l 
cause of accidents.

In  conclusion, I  am sure th a t Mr. Griffiths has dealt w ith a 
subject which is of great im portance to the engineer.

Mr. F . 0 . B eckett : The last speaker advocated pouring the 
m etal from the ladle or vessel in which it  has been m elted ; I  
would like to ask whether he recommends th a t the m etal should 
be poured so th a t it  rises into the bearing, as I  presume th a t 
this would ensure homogeneity.

Mr. L. F . P . Soege : I  should like to thank  Mr. Mundey for 
his com plim ent to the m arine engineer. One th ing  which he 
has said helps to smooth away some of our difficulties; I  refer to 
his explanation of w hat occurs if  a num ber of shells are filled 
while the metal is a ltering  its consistency. He also spoke about 
the antim ony cubes; I  am not clear as to whether these should 
be small in num ber bu t of large size, or large in  num ber and 
small in  size.

E ng. Rear-A dm iral W . M. W hatm an  : Could the author sug­
gest the common method used for determ ining the pouring tem ­
perature of white m etal? I t  has been greatly  impressed upon 
engineers th a t one of the difficulties in  the foundry is th a t of 
controlling the casting tem perature. The engineer is interested 
in  the best method of tem perature control, whether i t  is by 
pyrom eter or otherwise.

As regards the A dm iralty  practice, I  am not sure th a t ham ­
m ering is a universal custom. I  th ink  th a t the instructions 
state th a t a heavy ham m er should not be used, so th a t in  respect 
to th a t perhaps the A dm iralty  is wise. W hen once you have 
settled the m aterial you are going to use, the tem perature of 
pouring is an im portant point, bu t a still more im portan t point 
is the method of pouring and being able to determ ine the tem ­
perature of pouring, so th a t the work may be carried out in the 
foundry w ith much more certain ty  than  is obtainable by what 
m ight be called the rule of thum b method.
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M r. R. M orton : I f  i t  is not outside the scope of the pre­

sent paper, I  should like to ask whether there is any chemical 
explanation of the detrim ental action which salt or salt water 
has upon a bearing, causing the m etal to flake off. And if the 
presence of salt is absolutely unavoidable, is there any n eu tra ­
lising  agent which will get rid  of the salt?

M r. W . H amilton M a r t in : W ith  reference to the testing 
of bearing m etals, it  is often necessary to obtain a comparative 
test of different alloys. I t  m ay be of interest to describe the 
method we adopted when we wished to compare quickly two 
hearing m etals offered up, under identical runn ing  conditions 
as regards compression stresses, revolutions, vibrations, rubbing 
speed, contact surfaces, resu ltan t friction  and tem perature 
under the same applied load to u ltim ate breakdown. Two 
blocks of the m etals to be compared were carefully  prepared and 
shaped alike, and then clamped round an available revolving 
shaft of, say, 2in. diam eter by means of two bolts. The blocks 
did not fully envelop the shaft, the ir adjacent, faces being 
about ^in. apart when clamped loosely on the shaft. The bolts 
were then gradually  tightened on the blocks, which were both 
held stationary  in a wooden fram e while the shaft revolved. 
W e thus found which of the two broke down first under p rac ti­
cally identical running1 conditions. The sim plicity of this 
method has much to commend it, and to my knowledge there is 
no scientific testing  device in use to-day which would do better.

M r. M u n d e y : W ere  the  blocks lu b ric a te d ?
M r. M a rtin  : Som etim es; a t  o th e r tim es th ey  w ere no t.
The A uthor  : I  would like first to thank  those gentlem en 

who have taken  p a rt in the discussion for their com plim entary 
rem arks, and Mr. Mundey in particu lar for his addition to the 
paper. In  a paper of this kind, one has natu rally  had to abbre­
viate and condense a great deal, and I  hope tha t, as Mr. 
Mundey has suggested, you will find th a t it contains more 
than is perhaps apparent 011 first reading.

I  next wish to say that it was certain ly  not my in tention  to 
infer th a t m arine engineers as a whole were not sufficiently 
interested in the question of bearings. In  the m ajority  of 
cases experience, perhaps “ b itte r ,”  has tau g h t them how to 
tu rn  out good bearings. My aim has simply been to provide 
the m etallurgical reasons for past success, w ith the added hope 
th a t perhaps the paper m ight elucidate some of those awkward 
small points which sometimes “ make all the difference.”
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Mr. Sorg'e asked some questions concerning' the nature of 

the compounds and solutions which occur in white m etals. I  
m ust confess, as a research m etallu rgist who has closely fol­
lowed all published inform ation on the m atter, th a t we still 
do not know quite what the so-called interm etallie compounds 
are and the precise ways in which they differ from the solid 
solutions. Especially is this difficulty noticeable when one is 
considering solutions of a compound in a m etal. Certainly in 
compounds the atoms of the component m etals appear to tend 
to arrange themselves in definite fixed groupings, while they 
are closer together than in any other form. The m atter is 
exceedingly complex and cannot be dealt w ith  in a few words. 
W hat is of im portance is th a t the needle-like and cubic “  com­
pounds ”  existing in the white m etals are harder than  the 
m aterial which surrounds them , this m aterial itself being a 
m ixture of two or more constituents.

Certainly, if much oxidation exists, the effect of stirring  
will be bad and great care will be necessary to avoid m ixing 
the oxide into the m etal. W hat was advocated in the paper 
was “ c a re fu l” stirring  in order to obviate, after “ s l ig h t” 
overheating, the em brittling  effect indicated by Hudson and 
Darley.

I  th ink  Mr. Mundey has dealt adequately with the question 
of “ plastic m eta l.”  P lastic m etal m ust, of necessity, be 
somewhat b rittle  because, in order to widen the solidification 
range, the hard  and b rittle  constituents have to be increased.

In  regard  to the point concerning rough and smooth sur­
faces raised by Mr. B eckett, as has been pointed out, the term  
“  rough ”  is purely com parative, the “  roughness ”  in the case 
of the white m etals being on a microscopical scale only. B ut 
although the surface may appear smooth to the touch and un­
aided sight, it is considered th a t there is a small but definite 
difference in level between the harder constituents and the 
softer, which is essential to good antifriction  properties.

Concerning “ ham m ering,”  it is usually assumed th a t this 
operation causes hardening of the surface, but it has been 
definitely proved by m easurem ent th a t it actually  produces softening.

W ith  re gard  to p ickling, I  assumed th a t the shell surface 
would be cleaned as thoroughly as possible before “ t in n in g ” 
and pouring. Cases have come to my notice recently where
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th is certainly  has not been done, w ith the resu lt th a t consider­
able bearing- trouble and delay has been caused during a 
voyage.

Adm iral W haym an raises the question of the best means of 
m easuring pouring tem peratures. Personally , I  consider tha t, 
wherever possible, pyrom eters should be used. Rule of thum b 
methods which rely upon the instinct or in tu ition  of the w ork­
m an, do, in a m ajority  of cases, yield astonishingly  good 
results. B ut, owing to the hum an factor, it m ight be ques­
tioned whether the best results are always obtained, and trouble 
is sure to arise sooner or la ter. Therefore, providing that 
sufficient atten tion  is paid to the details of its application, such 
as necessary calibration and care in use, pyrom etric control 
seems to me preferable.

R egard ing  the chemical action of salt, I  have not much 
inform ation on th a t subject. Salt can corrode bearing m etals 
rapidly , the compounds thus formed resu lting  in the break­
down of the whole bearing. I t  is to avoid this th a t the alloys 
containing considerable quantities of zinc are used.

The com parative test mentioned by Mr. M artin  is of in terest. 
The g rea t difficulty of all these wear tests is, as was pointed 
out, the necessity of being absolutely sure th a t one is really 
repeating  the w orking conditions. W e know so little  about 
lubrication  th a t we cannot be certain  th a t the test is repre­
sentative, even when the most elaborate precautions are taken . 
At the same tim e, tests such as th a t outlined by Mr. M artin 
have proved of use in certain  eases and certain ly  represent 
the best we can do at present.

The Chairm an  : I t  is m y privilege to ask you to jo in  w ith  me 
in according to Mr. Griffiths a very hearty  vote of thanks for 
his paper. I  would also like to thank  Mr. M undey for his con­
tribu tion  to the discussion. (Carried unanim ously).
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A b o u t  15 years ago the first-mentioned of the two authors 
wrote, w ith Mr. M artineau, a paper* which was read before the 
In s titu tio n  of Naval A rchitects on the results obtained w ith a 
new steering gear. This gear was of the electric hydraulic 
type in which advantage was taken of a new form of variable 
stroke ro tary  oil pump driven by an electric m otor. The oil 
supplied under pressure by the pump was employed to operate 
one or other of two ram s, each acting  on the rudder head so as 
to move the rudder as required to port or starboard.

The novel feature of this electric hydraulic gear was the 
employment of the property in the pum p of reversibility , so 
th a t a simple form of lever connected w ith the ordinary  floating 
link  of a rudder was p a rt of the system by which the telemotor 
either varied the stroke of the pump or reversed the flow of oil. 
Among other points dealt w ith in the above paper was the 
sensitiveness of the new gear, and this fact was dem onstrated 
by means of what were called “  Lag ”  diagram s, which were 
obtained autom atically  by a special instrum ent devised for the 
purpose. Comparative results obtained of the new gear and 
the steam steering gear on the Albion afforded convincing 
evidence on this point.

The late Sir W illiam  W hite, who presided at the meeting, 
commenced one of the able speeches, for which he was famous, 
by saying “  I  have not the slightest doubt th a t th is method of 
steering gear will be widely employed ” ; and pointed out th a t 
the previous electric steering gear of the Albion  had been re­
placed by steam steering gear, which in  tu rn  was replaced by 
the electric-hydraulic gear.

The makers of th is gear, ifessrs. John  H astie and Co., L td ., 
in a recent prospectus say : “  W hen we first introduced it  our 
chief difficulty was to persuade shipowners th a t it  was as re li­
able as a steam steering gear, but its great success has now 
settled all doubts. There never was any question asto  the saving 
in runn ing  cost and upkeep which can be effected by its use, 
and all our predictions have been fulfilled in actual p ractice.”

* S teering-G ear E xperim ents on the T urb ine Y ach t “ Albion ’ : Inst. Naval A rch itec ts A pr. 7, 1911.



ELECTRIC-HYDRAULIC STEERING GEAR. 209
The makers go on to say th a t a num ber of sets have now been 
constantly a t work for 10 years w ithout the slightest h itch , and 
w ith very appreciable saving in the fuel b ill of the ships in 
which they were installed.

The electric hydraulic system has been successfully adopted 
in  the M erchant Service, not only for motor vessels bu t for 
steamships, and has also been fitted in most of the principal 
navies of the world. The foregoing rem arks sufficiently in d i­
cate th a t the success of the hydraulic  principle has been com­
pletely established, and the appreciative rem arks not only of 
S ir W illiam  W hite  bu t of other em inent naval architects who 
were present a t the m eeting, have been am ply justified.

No m atter what success an invention m ay have, experience is 
sure to lead the way to fu rth e r im provem ent, and in  the new 
steering gear which is shown to-night, although the electric- 
hydrau lic ram  system in conjunction w ith  a variable stroke 
pump is not departed from, the following new features are 
ad o p ted :—

(1) A new, and it  is believed, greatly  improved variable 
stroke pump.

(2) A control valve for obviating the necessity of reversing 
the pump itself.

(3) An autom atic valve for preventing in jurious shocks from 
the action of the waves causing any in ju ry  to the structure of 
the ship.

(1) The pump which was seen in operation by m any members 
of the In stitu te  at the Shipping, E ngineering and M achinery 
Exhibition  last year, operating deck winches and other app li­
ances, was described and illustrated  in various journals*. I t  
is sufficient to say th a t this pum p, although also of radial 
type w ith central valve, is an improvement on the original Ilele- 
Shaw Pum p in one or two im portant particulars of special mo­
m ent in its application to steering gear. The chief of these is 
the fact th a t in place of the ro tary  cylindrical valve tak ing  the 
th rust on the cylindrical surfaces, the valve of the new pump 
runs on roller bearings. Instead of the pressure necessitating 
two different m etals such as steel and phosphor bronze (which 
have unequal expansion) to secure proper w earing action, the 
two parts can be made of the same m etal (say cast iron) and 
thus very little  clearance is necessary, assuring at all tem pera­
tures a m inim um  of leakage or slip. A point of the greatest

" E ngineering, Oct. 16, 19*25, E ng ineer, Dec. 18, 1925, M achinery M arket, J a n . 29, 1926. M echan ical W orld, F eb . 5, 1926.
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im portance, however, is the fact th a t when the steering gear 
runs for a long period in the zero position, the danger of heating  
and abrasion of the cylindrical valve is entirely  obviated. Thus 
it  is not then necessary to arrange for leakage of oil (often con­
siderable) to ensure lubrication. Another great im provement 
is in the greater silence of the new pum p. The cause of the 
noise which is in the form of a disagreeable hum  or buzzing 
sound in the old pum p, which noise may be transm itted  
throughout the whole ship, has now been discovered, and it may 
be said to be entirely  obviated owing to the form and construc­
tion of the new pump.

F ig. 1.
(2) The next point is the control valve. In  the original 

system the ro tary  valve could not be made without a certain 
am ount of leakage, as it  rotated on its cylindrical a x is ; and the 
same is true of the new pum p, although leakage has been con­
siderably reduced. The introduction of a control valve which 
does not rotate but has merely a movement in  the direction of 
its axis, enables a working tit to be obtained, resiiltm g in  almost 
complete absence of leakage. Incidentally  this control valve 
obviates all necessity for reversing the pump itself, as its opera­
tion, which is perfectly simple, reverses the direction of flow 
and thereby effects the same result as the reversal of the pum p.

F ig . 1 is a section of the control valve which is hollow. I t  
will be easily seen th a t as the movement of the valves takes-
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place from the central position shown in the figure, while the 
flow from  the pump is always in  the same direction before it 
reaches the valve, its flow from the valves to the two ports above

Fig. 2.—Model of a new form  of E lec tric-H ydrau lic  Steering Gear.

the valve can be reversed. The way in  which the stroke of 
the pum p is varied to and fro by means of the pum p spindle on 
one side of the zero position while the control valve is moved

R p t  Connections to

Supply jrom Pujnp Pump
Fig. 8.

to and fro on opposite sides of the zero position is shown in  Eig. 
2. This figure represents a working model, A being the electric 
m otor, P the pum p, R jR j the ram s operating directly  on the 
tille r T, and so producing the required movement of the rudder
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post S, L is the floating- link, F jF., the two fulcrum s. I t  will 
he easily seen th a t the two fulcruins produce exactly opposite 
movements 011 the pump spindle and control valve spindle re­
spectively. F ig . 3 is a general view of an actual steering gear 
which has been made for a motor yacht and will replace the 
hand steering gear now in  operation.

(3) The last point to be dealt w ith is the valve by which 
shocks on the rudder are prevented from  being communicated 
to the deck of the ship. The actual idea of employing such a 
valve is not by any means new, but the valve itself has novel 
features which it is impossible to describe in the lim ited time at 
our disposal. I t  may be stated, however, that whilst previous 
valves of th is kind did not operate u n til the full hard  over pres­
sure was reached, the new valve is arranged to act when the 
rams by th e ir reversed motion provide a pressure of less than 
half the m aximum in the cylinders.

DISCUSSION.
The Chairman  : I  th ink  we shall all agree th a t Dr. Hele- 

Shaw’s rem arks supplem entary to the printed paper have greatly  
increased the value of the paper itself and the in terest w ith 
which we have listened to it. His remarks on the construction 
of the pump were more by way of description, but the paper 
deals prim arily  with the steering gear. I  th ink you will agree 
th a t the value is an excellent example of ingenious design in 
m aking one piece of apparatus perform  two duties of equal value 
w ith equal efficiency.

M r. W . M cL aren : R efe rrin g  to the leverage exerted by the 
ti l le r  on the rudd er head, I  understood the au tho r to say th a t 
the  m om ent is constan t. I  am  inclined to differ w ith  h im ; I  
suggest th a t there is a change in  the leverage as the rudd er goes 
hard  over.

As the gear stands, it  is suitable for working from am idsh ips; 
how does the author intend to operate it  from the forward p art 
of the ship ? I  note th a t he m entions the telemotor.

W ith  regard  to a ship in  the Arctic regions, presum ably the 
author has foreseen th a t difficulty and I  suppose he intends to 
use glycerine as the working fluid? I  was on one occasion 
voyaging from S te ttin  to Swinemunde and we had hydraulic 
steering gear. W e used CaCl2 to keep the w ater from freezing, 
bu t owing to the hurry  to get under way, there was none put 
into the tank, and a t the tim e scheduled for our departure,
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instead of being able to use the gear the hydraulic pipes to the 
steering gear were found to be bent and out of use, and we 
had to use the hand gear. I  should th ink  the tem perature was 
about 10° below zero. I  assume th a t such contingencies as th a t 
are provided for in th is apparatus. I  th ink  the whole design 
of the gear is very simple, and th a t the action of the relief 
value is a great im provem ent. W e know how severely rudder 
pintles suffer from  tim e to tim e owing to the great stresses ap­
plied to them .

If  th e  angle of th e  helm  to m idships position be © and  F  th e  force of th e  ram , th e re  w ill be
a reaction  R 2 a t r ig h t angles to th e  ram . T he to ta l force on th e  tille r F i  is th e  resu ltan t of
these two forces ABC being th e  triang le  of forces so th a t  F i =  — —  T he d istance of th e  forcecos© .
F i  from th e  rudder stock is — so th a t th e  resulting  m ovem ent on th e  stock is - cos © cos2 ©

Dr. H e l e -S haw  : W e propose to use the telem otor for d istant 
control of th is gear. I t  was a long tim e before the Adm iralty 
would accept the telem otor for use in  destroyers, bu t its adop­
tion in the  Royal Navy is now practically  universal, and its 
method of operation is well known.

As regards the oil to be used, it  is w hat is known as the 
“ A rctic ”  brand. There is no question of th a t oil enabling the 
gear to work in any tem perature. Mr. M cLaren is perfectly 
rig h t in  th ink ing  th a t in  th is particu lar gear there is a change 
in  the leverage as the rudder goes over. I  am afraid  in  m aking 
a passing rem ark on the subject I  overlooked the fact th a t our 
gear differs from another steering gear where the leverage is 
constant. I  will ask M r. Beacham  to explain w hat is the actual 
variation  in the case of our own gear.
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Mr. J .  B. H arvey : As regards the new safety valve, would 

i t  he necessary for the valve to be of the same diam eter as the 
plunger, or would you have a sm aller valve?

Dr. H ele-Shaw  : The valve need not be large since all th a t 
is required is to allow the oil from the ram  to follow up the 
piston valve u n til the circular aperture for escape is reached.

Mr. L. F . P . Sorge : I  take it  th a t the am ount of movement 
of the oil will be very small indeed?

D r. H ele-S haw  : I t  need not be very large bu t oil is very 
nearly  incompressible, and as it is so inelastic, when it  receives 
a sudden blow, th a t instead of a pressure of 1,500 lbs. being 
suddenly reached (at which the valve is set) a gradual giving 
way is provided and the blow caused by the wave is taken up 
on the moving ram.

Mr. Sorge : I  th ink  this valve will come into operation when 
the rudder is absolutely stationary . U nder these circum ­
stances, is not the pressure of the oil in  the two rams balanced ?

Dr. H ele-Shaw  : W hen the rudder is am idships there is 
very little  pressure on it. The danger is of a broadside wave 
suddenly striking the rudder and the pressure w anting to jum p 
to 1,500 lbs. instantly . I f  the helm  is hard  over a t th a t mo­
m ent, probably there is already a pressure of 1,000 lbs., and the 
safety valve is ready to open when the im pact of the wave 
occurs.

M r. T. A. B ennett  : I f  the m axim um  working pressure is 
1,500 lbs. and the pressure due to the sea striking  the rudder, 
is, say, only 1,200 lbs., I  presume the valve does not operate?

Mr. T. E . B eacham : The energy of the wave acting  on the 
rudder will he absorbed by the spring, the pressure will never 
reach the m axim um  and the piston will ju st come back.

The Chairm an  : I  th ink  perhaps one point of Mr. Sorge’s 
question was th a t a very small am ount of travel of the actual 
ram  itself would cause quite an appreciable travel of the valve 
owing to the difference in  diam eters; i.e ., a valve of 2in. and 
a ram  of say, 8 in .; l-16th  inch travel of the ram  would repre­
sent a much greater travel of the valve.

D r. H ele-S h a w : There is all the difference between 1 / 16th 
inch travel and no travel of the ram . All th a t is required is 
to provide some yielding— a travel of 1 / lGth of an Sin. ram  
means a yield of 16 tim es as much on the valve. This, how-
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■ever, is only l in ., and our valve provides for a much greater 
travel than  this.

M r. L. F . P . S o r g e  : I f  th is valve comes into operation in 
th a t m anner, presum ing th a t the rudder has been set in one 
position and you get th is shock occurring so th a t some oil passes 
from  one cylinder to another, does the taunting gear come into 
play in order to correct the position of the rudder?

D r. H e l e - S h a w  : W henever you put the wheel—you m ay go 
faster or slower— the floating lever will b ring  it  back into its 
r ig h t position as long as the electric motor is working the 
pum p. T hat is not new, i t  is of course an existing  device.

The C h a ir m a n  : I  have had a question handed up to me en­
quiring  what is the principal difference between the apparatus 
shown by the authors and the original Hele-Shaw M artineau 
gear?  I  th ink, for myself, I  can see what it is, b u t as the ques­
tion is asked I  would like Dr. Hele-Shaw to reply to it.

Dr. H e l e - S iia w  : The essentially new feature of the Hele- 
Shaw -M artineau steering gear was a variable stroke pump w ith 
a reversible direction obtainable in the pum p. The invention 
which I  have described to-night is en tirely  different because we 
do not reverse the pum p but we do reverse the flow through  the 
valve.

Mr. J a m e s  H a r v e y  (V isitor): The idea of having a rever­
sible motion of the fluid is an excellent one. In  the old gear 
the motion was reversed by the lever, whereas in  this case the 
fluid is always moving one way, and I  th ink  th a t is a great 
advance on the old method.

Mr. L. F . P . S o r g e : One point about the pump is not quite 
clear to me. I  take it th a t the pump itself is somewhat like a 
torpedo engine w ith the piston revolving about the crank. Are 
the valves of the pump controlled by the pistons themselves? 
And is the actual delivery of the oil to the pum p controlled by 
the pistons?

Mr. T. E . B e a c iia m  : Tbe valve ports are formed in the 
cylinder casting itself, and the only valve is the fixed central 
valve.

The Ch a ir m a n  : I  th ink  we are very much indebted to D r. 
Hele-Shaw and Mr. Beacham for giving this paper at such short 
notice. I  propose a hearty  vote of thanks to them . Carried 
unanim ously.
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R eferring  to page 158, A ugust issue, and to the comments 

which have been made in several quarters as to the education 
and technical tra in ing  of engineers for m arine service, the fol­
lowing is an extract from our Annual R eport, Session 189G-7. 
The present day workshop is so well equipped w ith m achinery 
th a t experience w ith  hand tools is not readily obtained, 
although its im portance is emphasised in the Board of Trade 
R egulations.

A nnual Report 1896-7.— “ Recommendations made to the 
Board of Trade three years ago, September, 1893, on the sub­
ject of the m inim um  qualifications necessary for engineers of 
the m ercantile m arine, have not yet been actually  adopted and 
passed into law, but it is hoped th a t in the interests of the whole 
com m unity the points especially recommended will soon be put 
into force. There are indications th a t the President of the 
Board of Trade is dealing w ith the question, and we look for­
ward to the publication of a B ill shortly, which will include the  
following p o in ts :—

Minimum service in the workshop of five years.
The introduction of a third-class certificate.
The necessity of defining the m eaning of nominal horse­

power. ,
The recognition of the engineers as officers of the ship, and 

as such, the representation of the engine departm ent on en­
quiries affecting the departm ent.

Subsequent discussions held during the session evoked the 
following resolutions, and as the question of N .H .P . is involved 
in another Bill, at present engaging the atten tion  of P a rlia ­
m ent, the atten tion  of the Board of Trade is again specially 
invited to the subject.

Resolution.— “ That, in the opinion of th is m eeting, it is 
highly necessary to amend the present regulations as to second- 
class certificates for engineers with regard  to service in the 
workshop, where the minimum service should be five years, 
and th a t the atten tion  of the Board of Trade should be called 
to the desirability  of creating a third-grade certificate, which 
should be gran ted  to those who have served at least five years 
in an engineering work, and one year at sea, and pass the pre­
scribed exam ination .”

216
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The Colonial Parliam ents have had under consideration the 

subject of N .H .P ., qualification of engineers, and other 
m atters, and the results have been in many respects satisfac­
tory, although we may not agree w ith all the term s of the Bills 
passed for the Colonies. The discussions held in connection 
•with these m atters will be found in the T ransactions, where the 
following Resolution is recorded as p assed :

Resolution .— “ T hat having read the altered regulations w ith  
respect to service and qualifications for engineers’ certificates, 
including th a t of th ird  engineer, in the Bill which had been 
passed by the New Zealand L egislature, we fully endorse those 
clauses re la ting  to service in the workshop and at sea, bu t we 
do not altogether concur in those re la ting  to the num ber of 
engineers to be carried, neither do we th ink  th a t the num ber 
of engineers should be rated by the power alone, and we also 
agree th a t the present anom aly of N .H .P . should give way to 
some other means of enabling the power of the engines to be 
determ ined, and consequently the effect of its bearing on the 
status on the second engineer’s certificate.”

I t  is g ra tify ing  to observe th a t the subject of the engineers 
of the Royal N aval Reserve is being dealt w ith in the Naval 
E stim ates. Our P resident and others in terested  in the subject 
are to be congratu lated  on the fact th a t th e ir efforts have so 
far m et w ith recognition, the paper and subsequent discussions 
and correspondence on the Royal Naval Reserve m aterially  
assisting  this.

I t  is no less pleasing to observe th a t the conditions and posi­
tions under which the E ngine D epartm ent of H .M .’s Navy are 
operated have been receiving more atten tion  and consideration 
on the p a rt of the Government, and th a t some considerable im ­
provem ents are on the eve of being made, both  in respect to 
the E ngineers and th e ir staff of artificers and stokers.

The appointm ent of a representative E ngineer on the Board 
of A dm iralty  appears to be most desirable.*

In  our le tte r  to the Board of Trade in September, 1893, the 
following points were emphasised :—

Engineers who seek to join the m ercantile m arine should be 
as efficient as possible, and w ith this in view, it  is considered 
th a t five years experience in the workshop is necessary to meet 
the requirem ents.

*This was advocated by th e  Duke of M ontrose, one of our P as t Presiden ts, in the House of Lords, on Ju ly  4th, 1926, w hen th e  Royal N aval E ng ineers’Status was referred  to. (See p. 98 Ju ly  Issue).
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The object to be a tta ined  by the five years apprenticeship is 

a high standard of efficiency.
The desire a t the back of the recom m endations is for the 

m aintenance of the highest efficiency in the engine-room staff, 
believing th a t thus only can we expect to cope w ith  the increas­
ing  responsibilities devolving upon the Engineers of the m er­
cantile m arine. So also upon the Engineers of the Royal Navy 
increasing responsibilities rest.

In  the in terests of those who have shares in steamships, and 
steam ship owners, it becomes the duty of the In s titu te  to point 
out th a t the conviction is very strong th a t while three years 
m ay have been a long enough minimum apprenticeship when 
the present Board of Trade Rules were framed, for exceptional 
lads to obtain experience in the handling of tools, and educa­
tion in the theory of their business, the tim e has more than  
come when it is both expedient and necessary to amend the 
R egulations in the direction indicated.

That a high standard of efficiency should be aimed at and 
encouraged, is emphasised as m anifest from the facts stated as 
follow s:—

(a) G reater and increasing responsibilities upon the E n ­
gineers of to-day as compared w ith the past.

(b) Foreign competition is greater and increasing. I t  rests 
largely w ith the most in telligent use of m aterial in the engine 
departm ent to gain advantage in the competition.

(c) There is less hand and more machine tool work in the 
workshops now than formerly, and therefore all the more reason 
for an extended apprenticeship.

(d) In  large steamers there are many young engineers who 
sail for years in a junior capacity who have had no opportunity 
of passing for the 2nd certificate, bu t who m ight be granted  an 
opportunity  of obtaining a 3rd class certificate as a means of 
encouragem ent.

The following are from “ The E ngineer and Iron  Trades 
A dvertiser,”  A ugust 10th:—

Ch r o m e  S il ic o n  S t e e l  f o r  V a l v e s .— A num ber of different 
m aterials has been tried  for the valves of petrol engines, which 
have to w ithstand rapidly varying stresses and impacts at high 
tem peratures. Among the m etals tried  may be m entioned mild 
steel, mild steel stems w ith cast-iron heads, 25 per cent, nickel
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steel, nickel-chrome, chrom e-vanadium  and tungsten  steels. 
The la tte r  alloy steels have generally given the hest results, 
and have w ithstood the h igh tem peratures and corrosive action 
of the gases to a fairly  satisfactory extent. Chrome silicon 
alloy steel valves have for some tim e now been used as stan ­
dard equipm ent on the Fordson tractor. This type of valve is 
particularly  desirable in a heavy duty engine like the Fordson, 
since the conditions of service are such as tend to produce high 
cylinder tem peratures. The principal advantages of the new 
type valve a re :— 1. The use of a chrome silicon steel alloy 
obviates warping of the valves. I t  also reduces oxidation and 
scaling to a minimum, thereby preventing p ittin g  or break ing  
off of the valve heads. 2. Valves are heat-treated , hardened 
and ground. This minimises wear on the end of the stem and 
on the guide bushing. Air leakage at the la tte r point due to 
wear is a frequent cause of faulty  carburation. 3. Owing to 
its g reater hardness, the new valve does not require as fre­
quent g rin d in g ; it forms and m aintains an ideal seat in the cast 
iron cylinder block, which is a very im portant factor in re ta in ­
ing good compression. 4. The valve is easily removed and in ­
stalled. The valve spring is held in compression by a steel 
seat which is locked in position by a split conical collar fitting  
in a groove on the valve stem. This elim inates the use of a 
pin, which has to he lined up w ith a hole in the valve stem .—- 
“ E nglish  M echanic.”

A p p r e n t i c e s h i p .— The m anual a r t of apprenticeship has 
been in vogue th roughout the ages, coming down th rough  the 
guilds of old to the more modern methods of to-day. M anu­
facturers and educators have experim ented from time to tim e 
as to the best means of educating and b ring ing  up workmen 
to carry on a given industry . Many feel th a t mass production 
of to-day, which has developed the operator tra ined  to single 
operations, has elim inated the necessity for the man trained 
to do everything. Nevertheless, there is a constant com plaint 
th a t there is a shortage of skilled labour, says a w riter in

Mechanical E ng ineering .”  The fact is th a t there is need 
to-day not only for the skilled operator who is able to handle 
all kinds of jobs on one type of machine, bu t for skilled w ork­
men who can tu rn  their hands to any job that they m ay bo 
called upon to do. School tra in ing , when successful, prepares 
a man to obtain the advantages of shop tra in ing  in a much 
shorter tim e than is apt to be the case w ith an untrained  mind. 
No m atter how well the school shop tra in ing  is carried out.
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however, it can in no way take the place of actual shop con­
ditions. Apprentices in a shop should be under a supervisor, 
and the selection of the proper supervisor is an im portant 
th ing . He m ust not only be a thoroughly trained mechanic, 
bu t he m ust also be a man of character, capable of handling 
his job sym pathetically, and m ust be able to keep the boys 
enthusiastically  interested in their work.

The following le tte r from Sir Alfred E. Yarrow, appeared 
in “ The Tim es” of A ugust 19th. I t  has been favourably 
commented on in several journals, as it contains many points 
of in terest and of value for the consideration of all concerned 
in the welfare of their country, desirous of elim inating class 
warfare elements : —

L a b o u r  a n d  S t r i k e s .
Sir,—In  the year 1860 I  gave a lecture dealing w ith  the 

laws which govern the business relations between employers 
and employed. A fter a long life of industrial activity  I  still 
hold the same views as I  expressed 66 years ago, and I  thought 
possibly it m ight be of in terest to quote a few extracts from 
my ad dress:—

“ One of the most common forms of interference w ith the 
natural laws upon which rates of wages depend is a m utual 
agreem ent among workpeople to w ithdraw  their labour in 
order to endeavour to secure a h igher ra te  of wages. This is 
called a “  s trik e .”

P ast experience has shown th a t strikes are m ostly unsuc­
cessful, and, in such cases, clearly injurious to all parties.

Suppose a strike has been organised and carried through  
successfully, in cases where the increased wages to be paid 
are in excess of w hat the industry  can afford, the cost of 
production would be increased and the price of the article 
raised, leading to a diminished demand and less labour 
being required. Moreover, during a strike, consumption is 
going on and no production is tak ing  p lace ; the w ealth of the 
country would be reduced, and there would be less capital for 
the employment of labour.

The only sound conclusion th a t can be come to, is th a t wages 
can only be raised by increasing efficiency in order to augm ent 
w hat is produced, and increase the stock of capital, which 
would be employed in further developing industries and giving 
em ploym ent.”
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U n til social science (often called “ political economy” ) is 
tau g h t in schools, educating the rising  population in the laws 
which govern the value of labour and determ ine the rates of 
w ages, I  do not believe any real progress will be made in avoid­
ing the constant disputes between employers and employed. 
One th ing  is c e r ta in : the natu ral laws which govern the value 
of labour should be allowed free action, as if they are in te r­
fered w ith by employers, workers, Governm ents or by ben­
evolent persons outside the industry, d isaster is sure to ensue.

I  am, Sir, yours faithfully ,
A. F. YARROW .

From  “ L loyd’s L ist and Shipping G azette,”  of A ugust 19th. 
In  the “  Syren and Shipping ”  of A ugust 25th the Repairs are 
also described, and illustrations shown :■—

T h e  Clan Macnaughton.— R e m a r k a b l e  R e p a ir in g  F e a t  by 
S h i p ’s E n g i n e e r s .— The story of how the Clan Line steam er 
Clan Macnaughton was repaired by her own engineers at Mel­
bourne after having been damaged by stranding, as the resu lt 
of being driven ashore by strong currents when outward bound 
from  the Tasm anian port of Launceston on F ebruary  10th, was 
told to-day after the ship was berthed in Barclay,.Curie & Co.’-i 
Dry Dock at E lderslie. As a first step divers executed sufficient 
repairs to enable the ship to proceed to M elbourne. In  dry 
dock there it was discovered th a t the whole lower portion of the 
stern  fram e was broken off, the afterm ost keel plate was pierced 
and several plates on the starboard side were badly dented. 
The cargo on board had not suffered by the mishap and the 
most valuable p art of it was transferred  to another homeward 
bound vessel of the same line.

Some difficulty was experienced when the question of repairs 
was entered into. The labour unions at Melbourne said they 
would only allow full repairs to be carried out. The owners of 
the  vessel, w ishing to lose no tim e, as there was still a large 
am ount of cargo on board, desired only to make tem porary 
repairs. F u lly  one week was lost by this delay, and, finally, 
the engineers of the Clan Macnaughton determ ined to do the 
w ork them selves. The chief engineer designed a new bottom  
portion for the stern-post, w ith  some difficulty several steel 
g irders and plates cut to desired sizes were procured on shore 
and taken to dock and there they were bored, riveted and fitted 
up in place by the staff of the vessel. A long girder was
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riveted to tlie broken portion of the stern fram e where it joined 
the keel plate and projected aft until it met and connected w ith 
other two girders which were attached to the forward and aft 
uprigh t portions of the stern frame. The corners of the rect­
angle formed by these girders were then strengthened by plates 
in the form of brackets and a frame strong and rig id  enough for 
all ordinary purposes was completed.

n

The damage to the after keel plate was treated  in a different 
m anner. I t  was impossible for the engineers, w ith th e ir very 
lim ited facilities, to remove this plate and replace it w ith  a new 
one. A m ost ingenious expedient was, however, adopted. A 
wooden mould was fitted round the damaged portion and 
cem ent poured in between the mould and the plate. The 
cement adhered firmly and made an absolutely w atertigh t job. 
The plates which had suffered in other parts of the vessel had
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not been pierced, but the cement in the double bottom  bad 
broken away. The broken m aterial was removed and the ex­
posed portions recemented, thus p u ttin g  finishing touches to  
a rem arkable piece of work. The engineers of the vessel are 
given great credit by the captain and the owners for the m anner 
in which they tackled what m ust have seemed at first to be an 
alm ost impossible task . The Clan Macnanghton is now to be 
fully  repaired by Messrs. B arclay, Curie & Co.

The above illustrations show the damage to the stern  and 
rudder post and the repair made to b ring  the ship home to 
Glasgow. W e are indebted to “ Syren and Shipping ”  for th e  
loan of the blocks.

There are larger illustrations in “ The Shipbuilding and 
Shipping Record ” of A ugust 2Gth.
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I t  is g ra tify ing  to know th a t the work of the repair was 

carried out so fa ith fu lly  and well; also th a t the accomplish­
m ent was highly  appreciated. W arm  thanks were accorded 
to the Engineers for their acumen and ab ility , by the owners, 
who endorsed their thaiiks by handsome gifts.

The following le tter was in  “  The Tim es,”  A ugust 23rd: — 
R oyal N aval R eserve.— May I  champion the cause of the 

Royal Naval Reserve? I  have often served w ith officers of 
the Royal Naval Reserve, and many of them  are deserving of 
h igher praise than I  am capable of expressing in  words. Vow 
when the officers of the Royal Navy are compelled to spend so 
much time on shore, studying and serving in shore establish­
m ents, we need more than ever the co-operation and assistance 
of our comrades of the m ercantile marine. Also we need to 
abolish all traces of the m isunderstanding and discord which 
dc sometimes exist between the officers of the Royal Navy and 
the Royal Naval Reserve. There is no good reason why officers 
of the Royal Naval Reserve should not wear the same uniform  
as the officers of the Royal Navy, and if th is could be done, it 
would go a long way towards increasing the friendliness and 
harm ony between R .N . and R .N .R . so necessary for real co­
operation and efficiency.

Rear-Adm iral J . 1). A LLEN.
Red Cottage, St. Albans.

A le tter appeared in “ The T im es,”  A ugust 27th, on the con­
ditions of the industries of the country, due to the tactless lead­
ing of the M iners’ by officials who seek to beg all round, a t 
home and abroad, ra th er than to work towards a desirable end. 
A le tte r  from Japan was quoted in which it was stated  th a t 
the employees of a company which was striving to carry on in 
adverse circumstances, had decided to help the undertak ing  by 
suggesting  th a t they would work a t reduced wages to carry on 
until business improved. The company did not approve of the 
suggestion a t first, but on the m atter being again urged, it 
was agreed upon, and the business was kept going, all w orking 
harm oniously together towards a common end.

The lessons which ought to be brought home to those closely 
associated w ith  the coal industry, by the experiences of the 
p ast and present day conditions, accompanied as they  are by 
more or less severe discom fort and loss on the p a rt of the whole 
com m unity, are th a t all m ay look towards the most desirable
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<end, which is to w ork harm oniously and consistently for the 
good of all, each doing' his best w ith an ungrudg ing  spirit. 
This is applicable to all industries, as the national well-being 
and progressive advancem ent depend upon each and all being 
■carried on harm oniously, the individual w orker doing h is best 
to enhance the value of his work, w ithout increasing unduly 
the in itia l cost, so th a t there may be an all-round national 
benefit as an asset to the good.

The waste and loss due to strikes have been quoted in var­
ious journals, and the cost in m onetary loss conveys a heavy 
item  to the reader, bu t other thoughts arise in the m ind as to 
the troubles and afflictions which cannot be reckoned. Cannot 
reason be brought to bear upon the subject, and a be tte r system 
■organised to avoid the evil clash and uphold the good call.

The “ M orning P o s t”  had the following paragraph  afte r the 
strike in May. I t  has been looked out as an appropriate ad­
dition  to the foregoing :—

“ The abuse of Trade Unionism  is the ty ranny  of the ineffi­
cient, and if we can em bark upon a new era in which efficiency 
will set the standard  and every man work, not w ith  a grudge, 
b u t w ith his whole heart, then even the disastrous w astage of 
the strike will not have been wholly in vain. I t  is for th a t 
reason, among others, th a t goodwill is essential. The strikers 
have suffered b itterly  from following bad counsel; they have 
been beguiled into a heavy in ju ry  to themselves as much as to 
th e ir employers ; they have tasted  the b itte r  fru its  of the M arx­
ian tree of knowledge. All the promises made to them  by their 
political leaders have led only to disaster. I t  is now the chance 
of the employer to point the true way to industria l happiness. 
I f  m aster and man deal fairly  by each other, exchanging the 
best possible wages and conditions for the best possible labour, 
if both co-operate for the salvation of the industrial system by 
which both m ust live, we shall not only continue to m ake good 
th is  waste of time, bu t even to profit by it. W e shall over­
come evil w ith  good.”

B o il e r  E x p l o s io n , N o . 2T44.— W hile the steam  fishing vessel 
K ing H arold  was sea bound from Grim sby, and soon after the 
anchor was lifted, the assistant driver a ttended to the boiler 
■fires and then w ith the co-operation of a trim m er set to work 
to clear the ashes from  the stokehold, when suddenly a stream  
of w ater gushed from a manhole doorway and scalded the 
assistan t driver. H e fell on the port side, whence there was
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no exit to the engine-room. F ortunately  he was able to g e t  
across to the starboard side, shouting to the chief driver, who 
opened the door in tim e for escape. The door was then closed 
as the stokehold was filling w ith steam and damping the fires, 
the main damper being closed, as it was not possible to draw 
the fires. The assistant driver was helped upon deck and a 
tug  hailed to tow the vessel back to Grimsby, and the injured 
man was taken to hospital and attended to till recovery.

The investigation of the cause of the mishap was made by 
Mr. Jas. Jarv ie, Board of Trade Surveyor, H ull, who reported  
th a t the boiler was of the ordinary m arine type, of steel, 11 ft. 
0 in. diam. by 10 ft. 3in., w ith two plain furnaces, the m an­
hole 14 ins. by 11J ins., being between them , of the McNeil 
type, steam  pressure 200 lbs. The boiler was made in 1911.

No damage had been done to the furnaces or the boiler due 
to the outflow of w ater when the accident happened. I t  w as 
found th a t the door was J in. slack at the spigot and th a t about 
3 ins. of asbestos jo in t had been blow’n out. The threads of 
the studs were bound up w ith d irt near the nut when screwed 
up, and this would lead to difficulty in closing up tigh t.

The space was made up by electric welding, the threads- 
cleaned and the door refitted.

Tbe E ngineer Surveyor-in-Chief, Mr. Carlton, made the fol­
lowing observation based upon the report. The manhole door 
was a bad fit and the effectual jo in ting  of the door was more 
or less uncertain . I t  is surprising how frequently  these ill- 
fitting  doors escape the notice of the Inspectors, who are re­
sponsible for the exam ination of the boilers.

-— -— -o--------
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