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15 April, 1890.
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(Paper No. 2460.)

“ The Application of Blectnclty to Welding, Stamping, and
other Cognate Purposes.”

By Sir Freverick BranwetL, Bart., D.C.L., F.R.8., Past President
. Inst. C.E.

I~ speaking of the constructive part of Civil Engineering, it is a
mere truism to say that nothing is of more importance than the
efficient union of the materials of which a structure is composed ;
especially is this true of those parts of a structure which have
to bear tensile stresses; and having regard to the important and
gradually mcreasmg part which iron or its ally (or alloy) mild
steel is taking in epgineering constructior}, any process which
embodies a regsonable hope of improving the means of uniting
pieces of these metals, is well worthy of the attentlon qof the
members of the Institution of (ivil Engineers.

Although large structures of wrought-iron and of mild steel
commonly have their parts united by bolting, or by riveting, and
although much ingenuity has been ,expended in so arranging and
proportioning riveted joints, as to obtain in the joint the greatest
percentage of the strength of the material, nevertheless cases occur
in all large structures where the union of these metals by welding
becomes almost a necessity, or if not a necessity, & matter of con-
venience and economy. There is very little doubt that structures

“would be so designed as to go together by means of bored eyes,
fitted with turned pins, rather than by riveting, if welding could
be effected with greater ease, but above all, with greater certainty
of a good result.

Wrought-iron, in additSon to its many other merits, has that
of being, par excellenge, the weldable metal; mild steel also

[THE insT. C.E. VOL. C1L.] B



2 - BRAMWELL ON WELDING BY ELECTRICITY. [Minutes of

possesses this merit, but there is always a feeling of doubt about®
f weld. It may be fair to the eye; it may pass the few tests to
which it can be put, without injury in the very act of testing,
and yet it may have such serious latent defects as could not exist
in the case of a riveted joint. Nevyertheless welds are of necessity
largely trusted. No bettey illustration of this can be given than
that of a common chain, gach one of §ts manifold links having a
separate weld.

In the early days of building sllspensmn-bndges, the links—unless
the wasteful process of cutting away a large portion of the bar was
resorted to—were made by forming the eyes separate from the bar,
and by welding them on. To obviate these difficulties, as long ago
as 1845, Mr. Howard, of the firm of Howard and Ravenhill, of the
Iung and Queen Ironworks, Rotlmrhithe (%ho was, be it said in
passing, the inventor of the quicksilver engine), devised a plan
which, while avoiding the necessity of welding on the eyes, avoided
also the waste of material before alluded to. This plan is illustrated
in ths Zand 2. It will be seen from Fig. #(avhich shows the
various stages of the manufacture, from the plain bar to the finished
link), to have consisted in taking a bar much thicker, and, therefore,
very much shorter than the ﬁuished dimensions of the intended link,
and in passing this short, thick bar, sideways through a pair of rolls.
These rolls (Fig. 2) had their operative parts at the two ends only,
these parts being made of any desired dfhmeter, but the remainder of
the rolls, i.e., all their.middle portions, were of a diameter so much
smaller than that of the ends that when the baxr was fed through be-
tween the rolls sideways, its extremities only were subjected to the
rolling g.ressyre, and by this pressyre were reduced in thickness to
one slightly greater than that of the finished eye, and were widened
out to u breadth somewhat in excess of the diameter of that eye,
while the middle part of the bar was left of the original width
and thickness. In this condition the bar-was passed lengthways
in the ordinary manner through a pair of plain rolls, and was thus
brought to the proper length, thickness, and width to form the
completed link, the excess of metal around the eyes at the ends, as
shown by the dutted lines, being afterwards slotted off.

Large numbers of links for important B}idges, notably the
bridge over the Dnieper at Kieff, in Russia, by the late Mr.
Vignoles, were made in this manner.!

yithin the last few years a plan of “ upsetting "’ the ends of the
bars by mechanical means so as to obtain the requisite material for

et < 41 R S

! Minutes of Proooedmgalnnt C.E, v.l viii. p. 275.
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or adopted for makiné such links as these, will be found in the
Paper iy Mr. T. C. Clarke, M. Inst. C.E. .
The foregoing modes of making Jinks with enlarged ends
for suspension bridges, without the use of welds, are brought
forward as evidences of the amount of suspicion that attaches to a
union by welding, and as insfhnces of the efforts that have been
made to obviate the necessity for this process. .
Although imperfection in a weld may arise from insufficient
heat, or indeed from an excédss of heat, or from the application of
inadequate power (either in the form of hammering or of pressure)

Fig. 3.

OrpINARY SCARP-WELD.

to bring the heated surfaces together, it is probable that by far
the greater proportion of defective welds arises from the presence
of some foreign body between the surfaces toe be welded—the
oxidation of thenstal; the formation of slag, by reason of the use
of sand or other means employed to prevent oxidation; the union
of sulphur in the coal with the iron surfaces; absolute particles of
the fuel—in a word, as it is expressively called, * dirt " of some
kind or another.

' Minutes o#Proceedings Inst. C.E., vol. liv. p.
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Attempts have been made to obviate these difficulties, by em-
ploying gaseous, or liquid fuels, and, in rare cases, by the sremoval

Fig. 4. e Ilg. 3.
Weld .~

=2

s

SIXGLE-WEDGE WELD.

Fiq. 7.

T

DousLe-Wence WeLD.

of the oxide of the metal from the surfades, by turning or planing,
and the formation of the surfaces so that the one part is
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»*honsed ” within the YBther, thus preventing the introduction of
any foreign matter between them. .
Commionly the mode of making a weld is by hammering the
parts which are to .be joined ; but tRat mode is occasionally
departed from, and steady pressure, produced by a screw—or,
in these days, hydraulically—is applied.
Allusion may be permitted to tie welds that were succes-

. . 4‘?‘.
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i =
k
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)
3

12

S~

Burr-WeLD. .

sively employed for the welding of railway fires in the days
prior to the présent system of making these tires by continuous
rolling, and in the hoop form. These comprised an ordinary
scarf weld (Fig. 3), where the two ends of the bar, having been
previously * upset,” were scarfed and brought together, heated and
hammered ; bird's-mouty welds in both directions (Figs. 4 and
5); single-wedge welds (Fig. 6); and the double-wedge welds
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(Fig. 7). The last was a weld very fauch used for engine.
res.

In all these cases hammering was employed; but for carriage-
tires, at all events, the butt-weld (Fig. 8) was used, and pains
were taken to draw the edge of one portion over and around the
other portion, so as to “house” the surfaces to be brought into
contact, and thus to prevent®the introduction of *dirt.”

The latest weld theréfore was of the butt” character,
and pressure was applied, in this qase by means of a screw, to
bring the surfaces together, and was so applied while the parts

Fig. 9,

I
P s ¢

The bott s placed L) The two lengths arv.
in, position arter [N shrunk together at
the D7, the, joint “C before
1/ entrarnce.

SN

N

R
1

A R R R

Y477

%

%%

N

SEETCH SHOWING MODE OF WELDING Bic Gux Tupes.

remained in the fire, resulting in a considerable upsetting and
enlargement at the joint, which was afterwards Lrought to shape
by hammering. .

Many years ago, in the early days of wrought-iron ordnance,
where it was desirable to have in one piece a wrought-iron
tube eo long in relation to its diameter that it wounld have been
difficult to have welded it up as a single coil, it was made by welding
two coils together, each of about half t}ie length of the desired
tabe. ,.One end of one coil was faced in the lathe and was left
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ewith a slight projection, or spigot, and one end of the other coil
was also faced, but was made with a shallow recess to receive the
spigot ; fhe two coils were put end to egd with the spigot in the
recess and then the tube was placed in a furnace properly con-
structed to bring it, at the faced parts, to a welding heat. Screw
pressure was then applied to fofce the two coils together, and thus
a butt weld was effected, the surfaces' of which, having first been
rendered clean, metal and metal, were "so arranged as to prevent
the access of any deleterious matter from the fire in the act of
heating. .

A diagram of this arrangement is shown in Fig. 9.

It need hardly be said that every one of the modes of heating
that were employed, involved that the heat should proceed from the
outside, inwards, witle the resplt that, as is occasionally said of
joints of meat, the outside might be * burnt,” whilst the inside
was “raw.” 'There were also the chances of inadequate heat, of
an excess of heat, and, as has already been stated, of the presence
of «“dirt” in the weld.

Moreover, there was the difficulty of ascertaining to what state
the heat had attained; commonly in small welds the pieces were
withdrawn from the fire, with the consequent risk of picking up
“dirt” during re-introduction.

Among the desiderata for heating for welding purposes are,
that the mode adopted shall be one admitting of uniform heating
throughout the sectional area to Le welded; that shall admit of
absolute regulation gf the heat; that shall Ve free from the pos-
sibility of introducing either particles of fuel or gases between
the welding surfaces, and shall admit also of complete ipspection
during the time the heating is going on. All these Mu‘fenta are
afforded by electrical heating.

As regards the power of an electric current in passmg through
substances to develop heat, the most familiar instance is probably
that of the carbon filament of a ,g,low lamp, such as are now so
largely used in theatres, in clubs, and in private houses.

It seems but a very short time, since Mg Henry Wilde, of
Manchester, first showed by the use of one of his dynamos, having
its field magnets egcited by a separate dynamo, how he was able
to heat up pxeoes s of iron wire of as great a length as 15 inches,
and of } inchin diameter.! Now, as will be shown to the meeting, it
is possible to electrwally heat up to the welding-point, and, indeed,
beyond it, sections of iron having eighty times as great an area

! Phily Trans. 1867, vol. 157, p. 106.
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as those with which Mr. Wilde dealt, and, &ere sufficient power ate
band, these sections could be almost indefinitely enlarged,

It is common knowledge that electrical energy is compounded
of electromotive force or potential, or prefgrentially * pressure,”
multiplied into the amount of the current—or (as with water,
when used for power purpgses), the pressure multiplied into the
quantity.

Whenever this electrical energy has to pass through a con-
ductor, the resistance of that condfctor to its passage destroys
a certain portion of the electtical energy, which energy so de-
stroyed reappears in the form of heat, and must appear in the very
conductor which has been the cause of the destruction of the
electrical energy. Therefore the amount of heat produced must
be that which is the thermal equiwalent of ®he electrical energy
destroyed. What the temperature will be—and in most cases it
is the temperature reached by the conductor, as the result of the
passage of a given quantity of current, which is of importance—
depends not only upon the heat-units producgd, but upon other
considerations. This question will be dealt with hereafter.

Although electrical energy is represented by the multiplication
of the pressure into the current—it will be found that the heating
effect of any given current is independent of the pressure.

Take for example three glow lamps in series, and assmme
each of them to be a 33-volt lamp, needing say 99 volts to pass the
current through the three lamps; then it is obvious that, after
passing through the %irst lamp, 33 of the vglts will have disap-
peared, and the pressure at the point of entrance of the current,
into }heq second lamp, will be 66 volts, and smularly at the
point of entrince to the third lamp will Do 33 volts. The lamps
being in series, the current will be the same in all, and the
illuminating power (the index of the temperature, and, in this
case, of the heat) will be the sgme in all three lamps, because tho
same amount of electrical energy has been absorbed by the third
lamp in the fall of the electrical pressure from 33 volts to zero, as
was absorbed in the first lamp, in the fall of the pressure from
99 volts to 66 vplts. Again, take the case of a piece of wire, say
3 feet long, heated by an electric current, andau.ppose the current
enters at 99 volts pressure and leaves at zero, obviously at the end
of 1 foot of the wire the pressure will have dropped to 66 volts,
at the end of 2 feet to 33 volts; but the same current goes through
and therefore the heating effect is uniform from end to end.

To pass to another subject—the heat §roduced in relation to the
current employed—take the following ingtances. Assume a wire
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of a length of 1, and of such material that 100 volts will send
through i¢ 12 amperes, 100 x 12 = 1,200 of elcctrical energy
(i.e., 1,200 watts); then assume this 1,200sf electrical energy will
be destroyed and will de converted into heat in the length of 1.
Assume next that the wire be rejuced to a length of 4; then the
resistance being halved, and the initialglectrical pressure remain-
ing the same, the amperes which pass through will be doubled,
= 24, and the watts will be 100 x 24 = 2,400 : this loss of electri-
cal energy will be reproduced as heat in a wire of only } length,
and therefore the effect per unit of length will be fourfold. Again,
let the wire be made of a length of 2; then the resistance being
doubled, the amperes (if the initial electrical pressure remains the
same) will be halved, and the watts will be reduced to 100 x 6 =
600 distributed over a fength of#2, and therefore the heating effect
per unit of length will only be one-fourth of that which obtained
when the wire was of a length of 1, t.e., the heat per unit of length
varies as the square of the current.

Although it witl hiave to be reverted to, it will be well here to
point out that, bearing in mind the foregoing considerations, it is
clear that in any apparatus intended to utilize heat produced by
electricity, the construction to bhe sought, is one wherein the elec-
trical energy in its passage through the metal to be heated, exists
in the state of low pressure and of large current, and not in the
condition of large pressure ahd small current.

As regards the heating effect of any given gurrent upon different
materials : if there were an absolutely perfect conductor, which
offered no resictance to the passage of an electric current, no
amount of electrical energy coyld heat it, because no czteat of
conductor could destroy any part of that electrical energy. On
the other hand, in the case of a material absolutely impermeable to
an electric current, it need hardly be said that no heating could
result, as no current could pass. . .

Leaving the consideration of these two impossible or practically
impossible, materials, and going to the domain of the practically
possible, it is found that a piece of ordinary iron, 1 foot long and
1} inch diameter, or having 1 square inch of sechional area, will
at usual atmospheri8 temperatures of, say, 60°> Fahrenheit, offer so
much resistance to the passage of 10,000 amperes of current as to
reduce the electric pressure in passing through by some half
volt = 5,000 watts, or, in other words, to destroy in every second
of time 8,700 foot-lbs. of electrical energy demanding in substi-
tution 45 units of heat to be developed per second.

A similar bar of German silver would destroy say 7,700 foot-1bs.,
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¢
involving the production of about 10 units of heat per second;
¢ while a similar bar of silver would destroy only 515 &oot-lbs. of
electrical energy, involwing the production of 0°66 of a unit.
Fortunately the materials commonly nevded to weld—iron and
steel—hold a very happy positiop in the scale of metals, for the

purposes of being electrically heated.

The temperature is imported as a condition in the foregoing

<
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[ ]

statefnents, and necessarily so, as the resistance increases with the

rise of temperature.

Among those who have studied the subject of the influence of
temperature on the resistance of conductors is Dr. Hopkinson, and
the results he has obtained are publfshed in the Philosophical
Transactions for the year 1889, On page §62 Dr. Hopkinson says,



Proceedings.] BRAMWELL ON WELDING BY ELEOCTRICITY. 13
L)

irfreference to the experiments relating to Curves xxxv., xxxv1., and

xxxv1L, shqwn on Plate 19 (reproduced in Figs. 10, 11, and 12) :—

“These experiments were made in a perfectly ®mple way. Coils of very
soft iron wire, pianoforte wire, manganese stecl wire, and copper wire were
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insulated with asbestos, were bound together with copper wire so placed as to
tend by its conduotivity for hea® to bring them to the same temperature, and
were placed in an iron cylindrioal box for heating in a furnace. They were
Leated with & slowly rising t&mperature, and tho rosistance of the wires was
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successively observed, and the time of each observation noted. By interpolatisa
the resistance of any sample at any time intermediatc between the actual
observations could be very approximately determined. The poifits shown in
Curves XXXV., XXXVIL, Xxx%1, were thus determined. In these curves the
abscissse represent the temperatures, and the ordimates the resistance of a wire

having unit resistance at 0° C.” ¢

The limit of the temp%rature, therefore, to which a metal can
be raised by the passagle of a current through it, will depend
primarily upon this, that the heatixg of the metal will so increase
its resistance as the temperatuere is increased, that the quantity of
current flowing through it—the initial pressure being constant—
will be reduced until a point is reached at which equilibrium is
obtained, the temperature attaining its maximum when the losses
by radiation, conduction, and cogvection, equal, in a given time,
the increment of heat arising from the destruction of electrical
energy in that time, a maximum which can only be increased by
an augmentation of the initial pressure.

This increase of resistance to the passage of the current, as the
temperature increases, is of great utility in electrical welding,.
Consider the two ends of bars to e welded, mere ordinary rough
surfaces, the first contact is made nupon numerous points, through
these the current passes, and they become rapidly heated, and offer
more resistance. As endway pressure is applied, the surfaces in
contact become of larger and larger area. The greater current
seeks those parts which, although in contact, are at a lower tem-
perature, and this gbes on until contact, anq uniform temperature,
are obtained all over.

Havipg regard to the foregoing considerations, it is impossible
to say, abstract proposxtxdu, whaf number of amperes are
required to be sent through a given section of iron, say 1 inch
square, in order to raise it to a welding temperature, the fact being
that the heat is cumulative, and thus *time,” has to be taken into
account. Assuming that there were no losses by radiation, &c.,
and leaving out of account the increase of resistance due to the
rise of temperature, a current of 1 flowing through 1 inch section
of iron would, at the end of four minutes raise it to the same
temperature as that to which it wonld be raiped by a current of 2
flowing through it for one minute. This will be shown by passing
a comparatively smnall current through a piece of iron, and observ-
ing for a considerable time the gradual increase of temperature;
then, when a maximum appears to have been obtained and the
increase to have ceased, from the acces#ion of heat being no more
than sufficient to supply the dissipation, the iron will be surrounded
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Py a casing of asbestos, v’vhich is not a very good conductor of heat,
and this vgry same current will then go on addingand adding to the-
temperature until again the dissipation unger the new circumstances
at the higher temperature will balance the increment of heat.

As the particular form of electrical energy needed to produce
heat, is that of large current and Jow pressure, it is clear
there must be very great difficulty, ampunting almost to a com-
mercial impossibility, of transmitting electrical energy in such a
form over any but very short @istances, for, unless the conductors
were of enormous size, they themselves wounld be injuriously
heated by the passage of the current; and, moreover, the pressure
to drive these large currents, through any considerable length of
conductor, would be so large a percentage of the working pressure,
as to add very greatly %o the power required.

For these reasons it is desirable that the electrical energy should
only take the form of large current and low pressure, in the very
neighbourhood of the welding-machine itself. A mode of accom-
plishing this is te bring the dynamo and the welding-machine into
one structure. Phofographs of such machines are on the table.
But probably for general purposes, and for use at many separate
points in a factory, it will be more convenient to adopt the plan
wherein the electric energy is developed by the dynamo in the
form of considerable pressure and of small current, admitting of
ready transmission by condactors to the various welding-machines
throughout the factory, and then the conversion, by means of
transformers, of this sondition of electrical energy into the needed
condition of low pressure and of large current.

A machine for welding, thus constructed, is shown in fron! and
end elevation in Figs. 15 and 16. -

This machine—and others having modifications to suit them for
different classes of work—embody the results of the labours of
Elihu Thomson, who is so well known for his scientific attain-
ments and for the many improvements he has made in con-
nection with electricity.

A suitable framework supports the various parts, and maintains
the objects under operation at a convenient working height. The
high-pressure cugreént (“alternating™) arrives and .departs by
leads (as shown on Fig. 16), embracing in its course the transformer.
This transformer is seen in longitudinal and cross-section in Figs. 13
and 14.

The transformer consists of a hollow cylinder or sleeve, ¢,
built up of disks of wrdught iron, insulated by paper, round
about the walls of which cylinder is wound longitudinally
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the insulated copper wire conductor d d d. In the particular
‘machine under consideration (that which is now before the meet-
ing) the wire makes in «ll seventy-two convolutions lengthways
around the cylinder. In the space left in the interior of the inner
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LoxciTrpiNaAL SeEcTioN THROUGH TRANSFORMER.
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parts of the convolutions, there is placed a central longitudinal hollow
copper core ¢, to the ends of which are attached the main copper
conductors f f. It is by this arrangeffient that the high-pressure
current is caused to set up an induced lew-pressure current, .c.,
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ie in effect “ transformed ” into the needed low-pressure current
of large qpantity, and is conveyed to the material to be heated.
This conveyance is effected by the contget between the copper
conductors ff and the gun-metal jaws gg, each provided with a
binding screw to grasp the object to be welded or heated.
Reverting to the diagrams of’the mgghine, Figs. 15 and 716, it
will be seen that one of the holding jaws g g, in addition to sliding
on the prolongation of the conductors f f, is guided on a bar k,
along which it can slide, the otller jaw being fixed so as to prevent
its endway movement. The operative’jaw, which gives the endway
pressure, has its position controlled by the screw j; in the hand-
wheel k, by which the rapid setting up, and also the withdrawal

e Fig..14.
Tig: Bolt

Cods of

Copprer Wire -
N\ -~ dlternate disks of

shert tren and. paper

fie Bolt

Cruss-SECTION THRUUGH TRANSFORMER.

of the pieces from contact, the one with the other, can be effected,
while the final pressure is given by, the ratchet lever arrange-
ment ! operating upon the same screw j. The jaws are bored
up, to admit of the passage of water through them, and the iflow
i3 maintained by means of india-rubber pipeg, but this provision
18 only necessary in case of long-continued working. «

With this arrangpment of machine the electric current is gon-
veyed by conductors of large area, and of admirable conducting
power, to the pieces to be heated, and very near to the ends
of those pieces; that is to say, the distance the current has to
travel is short, and thus the effective head or pressure needed to
drive the current through is"low ; some 3 inches only, or even less,
of the pieces to be welded, are heated up, 6 inches could, of course,

INST. C.E. VOL. CIL ] c
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be equally well heated up by the same current, but if there
no other resistance than the metal being heated, then the operative

Fig. 15.

FroNT ELEVATION OF LARGE WELDER.

electric pressure would have to be ddubled and the HP. would be
doubled. .



Proceedings.] BRAMWELL ON WELDING BY ELECTRICITY. J19

[ ]
® The dynamo used in conjunction with this particular machine
is an altegpating-current dynamo, of the Thomson Welding Company,s
and is called a 40,000 watt machine. This is shown in front and
end elevation in Figs. @7 and 18. Its field-magnets are excited by
a small Thomson-Houston dynapo.

To regulate the current which is gpeeded for the particular
work under operation, there are provided :—First, an arrangement
shown in sectional elevation and plan in Fig. 19 and 20, and in the
detail section, Fig. 21, by whith a variable resistance can be put
into the circuit between the exciting dynamo and the field-

Fig. 16.

Z T
leads Fom '
Dynamo

[ ] -

Exp ELevaTiON OF LARGE \WELDER.

magnets of the principal dynamo; second, a switch placed close
to the machine by which the current can be cut off alto-
gether. The resistance consists of a light vertical cylindrical
case, having slate ends, and containing a number of German
silver wire coils running from top to botfom of the case, and
at the top passingethrough the slate insulation and terminating
in metallic blocks insulated in a ring. A central noh-con-
ducting spindle carries a handle and an arm which bears on this
top ring, and is in contact with the underside of a metallic ring
above, and according to the position of the arm, any number
of these vertical wires ch be put into the circuit to add to its
resistance. Both the hqndle which deals with the exciter currents,
c2
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and the switch by which the current can be cut off altogether, arb
* brought within easy grasp of the operator. .
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FroNt ELEVATION OF THOMsON-HorstoN ALTERNATING-CURRENT DyYNAMO USED wWiTH LARGE WELDER,

Within the limits of the power of the machine, any desired
current can at the will of the operator be passed through the
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pieces being heated, and this current can be maintained with
absolute esteadiness, can be increased, or can be diminished,’
thus giving a control of the temperatus8 which probably could
not be obtained fromeany other source of heating. Furnished
with this mode of regulation, ghe operator can vary the electric
pressure 0 as to cope with the augmemed resistance arising from
increase of temperature.

Although in all probability the great use of these machines will
be for uniting pieces of speclal and of difficult form, and for dealing
with refractory metals (refractory In the sense that they do not

Fig. 18.

END ELevaTioN oF TnomsoN-HousTON ALTERNATING-CURRENT DyNaMo
vsED wITH Lare WELDER.

lend themselves to successful welding by any of the ordinary pro-
cesses) it was nevertheless judged expedient by the Author to try
the capabilities of the machine in performing an 8rdinary run of
work, and to ascest@in as far as practicable the HP. needed for
this purpose, comparing the results thus obtained with those
attendant upon hand-welding.

The machine that has been described, with others of a smaller
size, and having modificatjons to suit them for different classes of
work, was temporarily erected in Fanshaw Street, in the manner
Shown in the plan-diagram, Fig. 22. The power was derived from
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]
one! of Marshall’s two-cylinder portable engines, the diameter Jf
bore of the steam cylinders being 9% inches X 14 inches rtroke, the
revolutions, when the enrrent was partly on, averaging 115 per
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minute, andjthe steam-pressure being 80 lbs. A strap from the
band fly-wheel drove the countershaft at 335 revolutions. Three
pulleys on this shaft drove the three dynamos of, respectively,
5,000 watts, 20,000 watts, and 40,000 ewatts. The 5,000 and
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%0,000 dynamos could be coupled up as desired to the two smaller
welding anachines, A and B, the 40,000-watt dynamo working®
the largest of the three electric welding® machines, that which is
now before the meeting. The separate exciting dynamo was
driven by a strap off the spindlesof the 40,000-watt dynamo.

This being the arrangement of the apfparatus, it was determined
to make an experiment with the large dynamo and large welder only,
and to do this, as has been said, with a continuous run of ordinary
work. The straps of the two smaller dynamos were thrown off.
Tanks for measuring the feedwater were provided, and indicators
were applied to the engine. A large number of pieces of Farnley
round iron, 1} inch in diameter, and 1 foot 2 inches long, were sent
to the works, and the o.peratlon of welding these was commenced at
11.45 a.M., and was continued until eighty welds had been made.
This was eﬁ'ected by 3.24 p.M.,being three hours thirty-nine minutes,
out of which there was a rest of half an hour, leaving three hours
and nine minutes as the net time occupied in work, or an average of
a little under twd and a quarter minutes per weld. During this
time many indicator diagrams were taken, some with the engine
running light when no current was being used, others when the
current was in full operation, and others showing the progressive
increase in HP. as the current came on. From these it appears
that the average gross indicated HP. throughout the time of trial
was 33°1; that the mean grbss indicated HP. when the engine was
running light was 9-6, giving as the mean,gross indicated HP.
consumed in weldinf throughout the experiment 23-5. The
maximum gross indicated HP. observed at any time during a weld
was 50°7, the minimum 10-98. The feed-water evaporated during
the experiment was 3,130 lbs., giving about 31} lbs. per gross
indicated HP. per hour evaporated from a mean temperature of
48° no feed-heater being used. Such a consumption agrees very
well with the indicator results before stated. Observations taken
on individual welds show that the two and a quarter minutes may
practically be divided as follows :—

Seconds.
Fixing the iron into the Jawa, and hoatmg up {0 full hcat} 2
at one operation . . . e e
Full heat to taling out of j Jnm T |
Work on the anvil . . B £
Re-putting in, tofullhot . . . . . . . . . . 21
Full hot to re-takingout . . . . . . . . . . 10
Ro-taking out to completion . . . . . . . . . 382

Completion to putting \p new picce . . . . . . . 20

133
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¢
It should be stated that those who acted as smith and hammer#
‘man were two electricians, and not smiths, and were thus Jabouring
under a very considerablg disad vantage.

With the object of making a direct comparison, portions of the
same lot of iron were welded in tke ordinary manner by the smith
and hammerman now pregent to use the machine. In this case
also the work was continued for three hours, with the result that
44 welds were made in that time, and 1} cwt. of *coke-breeze”
was used in the fire. *

It may interest the meeting’ to know that after the smith had
made these welds in the ordinary manner, he was taken to practise
on the electric machine, and at the fourth weld made perfectly
satisfactory work.

Reverting to the indicator dmgrams; %%g. 23 shows by the
successive curves upon it, the increase in the needed horse-power
as increased use was made of the current. Fig. 24 shows a diagram
taken when the engine was running light, that is to say, with no
current passing, and Fig. 25 shows a diagram.taken when the
power employed was at its maximum.

The pieces which had been welded electrically at Fanshaw
Street were numbered with consecutive numbers, as were also
those which had been hand-welded. The whole were sent to Mr.
Kirkaldy’s Testing Works, and, in order to leave samples for
bending stress, he took for the tensile tests those which bore the
even numbers. These testings are given in Appendix .I to this
P aper. .

From this it appears that the strength of the metal in the solid
being 52,646 1bs. per square inch of original sectional area, the
strength of the electric welds—in the case of those that broke at
the welds—was 48,215 1bs. also per square inch of original sectional
area, or 919 per cent. of the strength of the solid; and, in the case
of the hand-welds, the strength of those bars which broke at the
welds was 46,899 lbs. per square inch of original sectional area,
or 89-3 per cent. of the strength of the solid.

Bending tests were applied to some of the remaining bars, with
the result that in the electric welds cracks or breakages occurred
when the bars were bent cold, to an angle of 66° from the
straight on the average, while in the hand-welds 138° were
attained as an average (Fig.26). When bent hot, however, the
electrically-welded gave a mean of 144°, while the hand-welded
gave a mean of 147°. The full particplars of theso tests will be
found in Appendix 1L )

Having stated the results of using theselectric machine for the
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i)lainest of welds, it will be well to mention what was done with

unusual sections and unusual material. A channel-iron 1§ inch’

by 1 inch by } inch was welded ; a sampdd of this, with the others

next to be enumeratel, is on the table. A tee-iron 1} inch by

1} inch by } inch, two angle-irdhs 1% inch by 1% inch by } inch,
"

Fig. 23.

ATMO. LINE

SErtes oF Four DIAGRAMS TAKEN DURING THE PROGREsSS OF A WELD.
Boller pressure, 83 lbs,~~mean pressure, 30°59 lbs.—revolutions, 122—mean Indicated HP., 37-16.
Scale 60 Ibs, =1 inch.

. o

Fig. 4.

ATWNG LINE [>\ —

ENGINE RUNNING LIGHT.

Boller pressure, 82 lbs.~~mean press?m, 7+54 lbe.—revolutions, 126~Indicated HP., 9-69.
Scale 60 1bs. = 1 inch.

L

d Fig. 25.

AT‘MO_ LINE
[
MaxiMeM INpicaATED HP. DURING A

Boiler-pressure, 79 lbc‘-onm preesure, 5345 iba.—revolutions, 119—Indicated HF,, 50°78.
Scale 60 tbe, =1 inch, .

& wrought-iron tube 14 inch diameter by § inch thick was welded
to a bar 1} inch diameter. Another wrought-iron tube 1} inch
diameter by 3 inch thick was welded to a similar tube. A piece
of § inch square tool stee] was welded, this being what is known
a8 Pfeils’ unweldable steel.
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¢
There is on the table a boatd of samples (not, however, produced
*under the inspection of the Author), where it will be seen various
forms and sections are Welded together, or are brazed together,
and some of these have been cut open to showw the weld. Probably
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the, most singular of all these is the welding together of the two
sections of a wire-rope. A similar sample of wire-rope has been
welded and has been afterwards cut gpen, and it will be seen
that the portion which is rendered so?id, i.e., has been converted
from a rope into a bar, is very short indeed.



Proceedings] BRAMWELL ON WELDING BY ELECTRICITY. 29

« Two different modes of connection of the dynamo to the machines
and resistances, each adapted for a different class of work, are shown .
in diagrams, Figs. 27 and 28. .

s

With ordinary procegses of heating and of giving the pressure
Fif. 27.
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there is extreme difficulty (not to say impossibility) in welding
other metals than iron, steel, and platinum, but with the eleotric
ourrent it is possiblo to mke a junction by that which probably
) looked upon as a,fusing together rather than as a welding,
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as this is commonly understood. Metals' which have been dealt
«with in this way comprise among others :—
Steel :—Every variety sugms to be weldable.
Iron :—Cast, wrought, malleable, case-hardened, ferro-aluminium.
Copper :—Cast, rolled, drawn.

' Brass :—Cast, rolled, drawn.
Delta metal : Muntz metall

Aluminium. . Tin. Cobalt.
Silver. Lead. Manganese.
Gold. Zince. . Bismuth.
Platinum. Nickel. Iridium.
Bronze :—Aluminium, phosphor, silicon, ete. Gun metal.
Gold to platinum. Bronze to iron.

Iron to steel. German-silver to iron.
Brass 10 iron. German-silver to brass.
Copper to iron. . Copper tobrass.

Specimens of most of these are on the table.

Another instance in which electrical heating may be of great
value is that of the power of performing this operation in places
where it might be difficult to erect a forge even of the simplest and
most portable character.

For example, the heating of the rivets for a girder high up in
the air, and numerous other cases that are constantly occurring in
practice.

At the Crewe works, Mr. Webb has one of these welding
machines at work. The Author has had the opportunity afforded
him of seeing it in operation. Ie found it at work shutting
on eyes to screwed* rods of some } inch in diameter; the weld
was made close up to the screw which was in no way injured in
the process. It has also been employed to weld ends to tubes, to
weld together the parts of twist ‘drills which have been broken,
and to weld best steel for tools on to commoner materials.

It is obvious that a machine that gives the power of heating any
material with an absolutely controllable heat, and that enables that
heat to be inspected and to be communicated without the advent of
impurities, must have many uses in the arts, in preparing pieces for
brazing, for stamping, and in a variety of other ways; in fact there
can be no doubpt that the existence of such a machine will itself
give rise to a large number of new uses. .

It has been said that the maximum HP. developed during
the working of the machine was 50. Say, that out of this 50 HP.,
35 HP. reached the dynamo, of which probably some 70 to 75
per cent. came to the welding machine itself, or say 25 HD. of
electrical energy are turmed into hedt, equivalent to, in round
numbers, 1,070 heat-units per minute.
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e Taking the specific heat of iron at ordinary atmospheric tem-
peratures to be between one-eighth and one-ninth that of water,.
this should suffice (were there no loss goipg on by radiation, &e.,)
to heat 9 lbs. of irong about 1,000° in a minute. The portion
of the 1}-inch round bars actually heated was about 2} inches
long, being equal to about # ;*; Ib. The temperature that was
attained was presumably about 3,000 and this temperature should
under the above conditions be reached in‘such a sized piece of iron
in fifteen seconds. Out of the average of twenty-six seconds,
which, as already stated, were nceddd for putting pieces into the
jaws and the heating up to full heat, some twenty seconds were
employed in raising the bars from the temperature of the air to
the welding temperature. This is a sufliciently near agreement
with the fifteen secofds showa by calculation to be necessary
when it is remembered that losses are going on, that the power
is developed gradually, and is at its maximum when the bar is
at its hottest.

The Author trusts that the importance of this new application
of electricity to the uses of the engineer may be looked upon as
a sufficient justification for directing the attention of the Institution
to the subject.

The Paper is accompanied by diagrams from which the Figs. in
the toxt have been engraved.

 APPENDIXES.
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[ ]
APPEN
[ ]
[ ]
APPENDIX L—REeStLTs OF Exmmmzm,'ro ASCERTAIN THE TENSILE
( NoxinaL Sizg, 1} inch DIAMETER,
[ ]
d Broke in Solid.
Original. , . L'-lm;nte Stress. "(- trac-

T | Descripton. | — tlonof | B | Apbens
3 ° L —_— ! t g
¢ uﬁi:r ! Area. { Total. ;z;z,g‘g::{' Al:f:’ Fr;?tu‘re. 10 Inches.; Fracture.
Y | Inch. | 8q. ln.; Lbs. | Lbs. Tons. i Per cent. | Per cent. |
105 FB 2\ |1-11 096K 52,87551.623 ' 53-1 | 24-2 Fibrous
407!, 4 1-11 ; 0-968 50,8®52,572 ® | 53-1] 281
4051) B 6 1-{1{0-9&3% 50,480 52,149 506 2402
41 8 1°11 ¢ ; {

413 |, 10 111 { 0-968 52,410 54,145 L4040 927,
:15 » 12 111 | 0-968 49,540 51,488 Losueel 2006
17 |, 14 1-11 : |
419 16 1-11 ¢ f voeo
s21 |, 18| | 111 0-968 50,91052,502 5108 239!
423 |, 20 1-11 | ! ;

425 22 1-11 ! ; ;
27|, ] 1y ! '
29|, 2% 111 | l
4311, 28 1-11 | 0-968 51,335 53,032 C 51081 2081
433 |, 30 111 . 0-968 50,260 51,921 194 1911
435 |, 82 1-11 ° 0°968 50,060 51 715 194 206 .
437 |, 84| .| 1°11 1 0-968 50.74552,423 BT S T
439 |, 36 |T! 113 1-00% 51,71051,555 C 5231 wead o, !
ﬁ; " ;-4;3 = Hx L 0°U68 51,64553,852  , 0 494 | 21°10 ,, |
3. ‘13 i : ) !
45 |, 42 ﬁ 111 | 0968 50,66552,340 | 4944 200 , |
447, 44 Bl 1'11 0-98 52,260 53,988 {506 | 222 "
:451» ” ig 2 Hl 07968 50,145 51,854 e 20|,
5 ’ = ‘11 H i H
453 | . 50 1-11 ' 0-968 51,28052,975 P 494 2006
455 |, 52 1:12 ' 0-985 52,55553, 855 ' 50:3; 218
4571, 51 1-11 | 0°968 51,480 53,182 |80 | 20 "
459 |, 56 1'11 © 0-968 £0,38552,051 506 | 22- "
:g:l; . gg }ﬁgo-sms{ 51,820 53,017 494 21°7]
:g;; ”» gg }-}}’0-968' 50,065 51,720 49-4| 212} ,,
469 :Zgg,ru . t
471 1111 | 0-968 51,85553,058 53°1| 21-6
4730, 0] [112 T ¢ "
A MERIEN 5
477, 74 1-12 | 0-985 51,81052,001 489 | 226
479 |, 78 }‘}22'.’0'985- 51Z155£51,934 51°5| 28-4| o

” H
488 | ,, s/ |112 0-985, 52,24553,041 52:7| 286 ,
-—-—-‘. —— o——
iMean !52,646:23'5’ 50°6 | 22-2
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L ]
BIXES.
STRENGTH, ETC., OF SIXTY-EIGHT RouND-IRON Buy WELDED.
BranD, FARNLEY. ]
- v
Broke in Weld.
[ ]
Original i o Ultimate Stress.
i p 'Ratioof
Dismeter. Aren. ' Total Per Square Inch of Origiual Weld o Solid.
° CA.
Inchz. Square Inch. | Lbs. i Lbs.,  Tous. Per cent.
1-1 ' !
1-13 :
1-11 i »
1:12 0985 | 49,775 50,533 963
1-13
1-15
114 1-021 50,065 49,035 93-4
1:16 1-057 | 49,740 47,058 89-7
1414 | ° o
1-13 | 1-003 42,485 42,358 807
1418 . 1008 49,815 ! 49,167 937
1113 1 1-0038 44,740 ! 44,606 § 850
1118 | 1°003 49,705 | 49,556 ' 94-4
115 ' ! :
114 i {
1'16 ! ! .
1°15 . '
1'14 1 i
]'14 g ! °
1'14 1-021 |, 49,18} ; 48,173 91-L
1:14 ) .
1']2 i .
115 ¢ |
1413 | 1003 52,240 * | 52,084 99-2
l“‘t ' i
1'15 !
118 !
1’14 ; :
1'14 ; ; . g
1-14 i 1-021 48,045 47,057 89-7
1'12 '
111 | 0-968 | 43,570 45,010 85°8
}%g ' 1-003 ’ 48,215 48,011 916
1112 | 0985 | 48,880 49,117 * 936
}iz | 0:98% ® 48,745 49,487 . 943
1-13
118 1-008 52,070 51,914 989
1-18 }
e Mean 48,215=21'5 i 919

(TaE mNer. c.E. VOL. 11}
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ArrENprx I—RESULT
Broke in Solid.
Original. Ultimate Stress.
Test No. ¢ . (i?:;r::- Exten- | Appear-
Description. ) ' Area at | dlonin | anceof
mI:l:e-r ] Area. | Total. o!;e(r)ﬂ Sgl‘::‘rfiz::l‘n Fracture. |19 inches.| Fracture.
6;9 B 9\ Jach. | Sq.In.| Lbe. Lbs. Tons.|Per cent. | Per cent.
2 1-11
641 | ,, 94 1-11
643 | ,, 96 1°11
645 | ,, 98 1'11
647 | ,, 100 1-11 al
649 | ,, 102 1-11 | 0-968 50,386052,025 5061 20°1 {Fibrou
651 | ,, 104 1-11 :
ggg » 106] | 1-11 | 0-968. 49,33Q 50,961 l 51-8( 21'6 | do.
» 1081 | 1-11
657 | . 110 | 1-11
659 | ,, 112 g 1-11
661 | ,, 114/ | 1'11
663 | ,, 116 81111
665 | ,, 118{= | 1-11
667 | ,, 120 1-11
669 | , 122 1-11
671 ] ,, 124 1-11
673 | ,, 126 1-11
6751 ,, 128 1-11
677 | ,, 130 1I-11¢
679 | ,, 132 111 ;| 0-968; 50,240 51,901 480 | 20:G | do.
681 | ,, 134) 1°11 R
Vs -
'7750 4 200 = 1:11 | 0-968] 50,245 51,906 ® 506! 23-1 do.
1] ,2011= {111
722 | ,, 202 g “1-11 | 0-968| 49,09050,713 46°8 1 20:8 | do.
723 | ,, 203 ] "1:12 | 0-985] 53,31(054,122 52-7 1 256G do.
724 | ,,204] < " 1-11 | 0-968 59,05551,710 494 | 25°1 do.
25|, é 1:11 l
| Total Mean of 32 52,484=28"4, 305 | 222
| . | |
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OF KXPERIMENTS8—continued.

Broke in Weld. 0.
Original. 'I itimate Stress.
°. Ratio of
Weld to
Diameter Area. Total. Per Square in‘:: of Original Bolid.
°
Inch. Square Inch, Lbs. Lbs. Tons. Per Cent.
1-12 0-985 41,765 42,401 808
1-11 0-968 45,340 * 46,839 89-2
1-11 0-968 39,245 40,542 77-2
1-11 0-968 48,860 50,475 96-2
1°13 1-003 47,420 47,278 90-1
1-11
1-11 0-968 50,035 . 51,689 98-5
1-11
111 0-968 49,860 51,508 981
1-10 0-950 46,635 49,089 93:5
1-11 0-968 44,835 46,317 88-2
111 0-968 47,340 48,905 932
1-09 0-933 39,915 42,781 815
1-12 0-986 o 47,205 47,924 91-3
1°10 0-950 43,880 46,189 88-0
1-11 0-968 38,810 40,093 764
1-11 0-968 48,240 49,835 95-0
112 0-985 47,255 47,974 91-4
1-12 0-985 48,510 49,249 93-8
i'ﬂ 0-968 45,090 46,581 838-8
111 0-968 43,965 45,418 86-5
Mean 46,899520°9 893
1-14
113 1:003 45,885 45,748 87-2
1:16
1-16 ¢
115
1-11 0-968 43,720 45,165 861
Mean 45,456=20-3 86-6

D2
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APPENDIX II—RESULTS OF EXPERIMENTS TO ASCERTAIN THE BEHAVIOUB
FarnLey. ELgoFric WELDS

;
CoLp. ¢
Test No. Description. {. Angle. Effects.

Y

404 | Bar, 1)} inch diamefer FB1) 87 Broken.
406 »”» 2 ” 3 65 Cracked.
408 ” " ” 5 65 Bl'ok()n.
410 ” ”» ") 7 34 Cmck(’d.
412 » " B9 58 Broken.
414 » " » 11 115 ’
416 ” » » -] 65 Cracked.
418 " " » 15181 57 "
420 ” " ” 17 :3 37 Broken.
*22 ” " b2} '9 F 58‘ i1}
424 »” ” » 211.8 58 Cmcke;l.
426 " " » 23151 50 ,,
428 " " " 25 —e s "
430 » » » 271K | 150 Broken.
432 » »”» » 29 95 "
434 " ” » 31 59 . Cracked.
436 " " » 38 70 '
438 " " » 35 35 "

440 " ” » 37 55 Brokean.
442 N " " 39/ 64 Cracked.
Mean . . 66
640 | Bar, 1§ inch diameter B .M\ o1 .60 Cracked.
642 It Y ” 95 180 UﬂCkaHd.
644 ’” . " 07 -~ 90 Crﬂckﬁd.

646 " &, » 99131150 "
648 1] 1 » 10113 170 ¢ ”"
650 ” ”» " 103 ’5 75 1
652 " " » 105 [~ | 180 "
654 ” ) ” 107 g 180 Uneracked.
656 " ” 1] ]09 m 190 »"

658 " " » 111 180 "
660 " ” » 113 70 CM(Ekll‘(l.
Mean . . .| 188
727 | Channel, 1{ by 1 by {inch B 82 28 Cracked.
728 | Tee, 1} by Hbyd 10 Broken.
729 | Bar, tool stecl, § in. square ,, 84 |F { 4é Broken, 'l‘:; ::lig

2" .
790 | Auglet1by1by |inch , 85 é 93 Cracked.

" ?” " 86 35 [ )

732 " " v 87 r_g 70 Buckled, removed.
733 . i3] t2) " 88 : 75 0" ”
734 Dz, 1 inch dias) #8981 75 " "
735 a;'e]l ot t,,‘{}‘,”‘f""’j w 00|21 8 | DBroken, cono weld.
786 | Tube, 1} inch dismeter ,, 91 . 58 " "

726 Ring 18 inches diameter B 81,

Barcmoknd,olut
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87

[
UNDER BEXDING oF SEVENTY-TWO PIECES OF IRON AND ONE OF STEEL, WELDED.
wERE Burr; Haxp WELDS WERE SCARF.

T = ——
[ ] Hor,
Test No Description. &ngle. Effects.
Y o
444 | Bar, 1} inch diameter B 41) *180 | Very slightly cracked.
446 » ) D) 43 180 Uncrac
448 ” ”» 1 45 160 Cracked.
450 ” ” » 47 { 175 »
452 " ” » 49 94 ”»
454 ” » ”» 51 180 UDCMke(L
456 " " » 93 —g 60 Cracked.
458 ’” ”»” ” 35 ~ 180 Uncrncked.
460 " [y I3 57 :; 96 Cracked
462 " " 259 =1 180 Uncracked.
464 ” ”» » 61 2 180 Slxghtly cracked.
466 " " » 6315} a1 Cracked.
468 " ” ” 65 = 163 It}
470 " * ” 07 m 98 "
472 ” 111 " 69 lso "
474 " bl »” %) 71 90 1
476 " ” ”» 7:‘ 12() "
478 »” ’" 1" 79 180 Uncracked.
480 I . »” 7 180 Cm’k(’(l.
482 ” ” " 79} 117 ”,
Mean e e 144
662 | Bar, 1} inch diameter ¢ B 115 100 Cracked.
664 1) " ” 117 75 )
666 " . w119~ | 180 [o  Slightly cracked.
668 ” . W 121130 1m0 »
670 " " w 1232 ] 180 "
672 " " " ]Z) ‘5 180 1
674 T} » 1 -~ 1830 "
676 " " " 120 21 9 * Cracked.
678 » " W I8 180 Slightly cracked.
680 " ", v 133 180 n(,raCk
682 " ” » 183 a5 Cracked.
Mean N .. ! L
[ ]
* e Ps
L )

of weld, when nearly mnigl:t. Bar 1 inch diameter.

o [Discussiox.
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Distymsion.

SirJohn  Sir Joux Coook, President, said that at the end of last year

Coode. Professor Elihu Thomsen, the inventor of the process, had been
asked to communicate a description of the system of electric weld-
ing, but owing to numerpus engagements he was unable to
prepare a Paper for the Institution, and thereupon Sir Frederick
Bramwell had kindly undertaken to do so; he had taken an
immense amount of trouble in the fulfilment of his task, and
deserved the heart) thanks of the memberr. He would now ask 8ir
Frederick to give some practxcal illustrations showing the process
in operation; and he could not help thinking that the members
would be as much struck as he himself had been with the mar-
vellous simplicity of the process. The heating of the carbons
of the arc lamp had been hefore the worla about a quarter
of a century; the two carbons had been brought close together in
a state of fusion, and it was remarkable that no one had before
thought of putting two metals together in the same way and giving
them a squeeze; for that was what, put in the simplest terms, the
process amounted to.

:'.:"‘d:l“‘* Sir Freperick BramwrLL observed that as the President had
already explained,ithe Paper had been written at his invitation ;
if, therefore, the time of the Institution hdd been occupied by an
uninteresting subject the President only was to blame.

The process of welding, as. ordinarily understood, depended
upon a property possessed by the so-called weldable metals, which
was, that while their surfaces could be Lrought into a sufficient
degree of plasticity to form a union, their bodies were neverthe-
less still left sufficiently tough to bear the stress of hammering
or pressure. Dr. Percy had explained the matter in the clearest
possible manner, with regurd to the typical weldable metals,
and in speaking of non-weldable metals, he bad shown what
was needed td enable them to be united by fnsxon ! It would be

< B S Tev—

! «Metallurgy.” By JonN Prrcy. “Iron and Steel.” Edition 1864, p. 5.
Action of heat. Welding.—1Iron requires a very high temperature for its fusion.
Its melting point has not yet been determined with certainty, but has been esti-
mated st 1550° C. by Pouillet, which, however, is questionable. We have no
difficulty in fusing it perfectly in our my-fumum in which platinum remains
infusible. Iron has one remarkable and very important property, namely, that
of continuing soft and more or less pasty through a considerablejirange of

¢
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se.en that as regarded the so-called non-weldable metals, Dr. Percy Sir Frederick
had pointed to the difficulty of hitting upon that which might be Bramwell
called the critical temperature of such metuls; and also had alluded
to the further difficulty Bhat even if it could be hit upon, there was
no certainty of maintaining it during ghe time needed for the
operation. These two obstacles to the welding of the so-called
non-weldable metals were, however, absolutely overcome by
electric heating, becanse any temperature could be obtained within
the power of the machine, and it coudd he maintained any length
of time without change. He had placed upon the wall some
illustrations of tire welding, which went back to a state of things
long passed away. The mode in which railway tires were
welded was shown, awd there jyas also an illustration of the
mode (not so well known) in which lengths of gun-tube were
welded together. He had always looked upon this last as one
of the best instances of welding, an instance where care was taken
to make the surfaces clean at the outset and to prevent them from
being injured by thé access of dirt, and thus to obtain in a clean
manner the welding heat and then to effect the union by endway-
pressure. He had alluded to Mr. Wilde’s P'aper, which excited so
much attention twenty-four years ago, when he showed how a
dynamo excited by another dynamo could perform that which was
then the marvellous feat of fuginga piece of wire 15 inches long and
3 inch in diameter. Mr. Wilde was one of those whom the world did
not sufficiently remember, as having done a very great deal towards
the perfection of the electrical implements which were now so
largely used. He did not know whether there was any need to
enforce it, but he had said that for welding purposes the question
of heating was in a sense irrespective of the electric pressure.
No doubt it was the lowering of the pressure, the destruc-
tion of it, if it might be so called, which did away with energy
in the electrical form and cansed it fo be reproduced in the form

temperature below its melting point. It is sufficiently suft at a bright red-heat
to admit of being forged with facility, as every ome knows; and, at about 8
Wwhite-heat, it is so pasty that when two pieces at this temperhture are pressed
together they unite indifBately and firmly. This is what occurs in the cgmmon
Process of welding. Generally metals secm to pass quickly from the solid to the
liquid state, and so for from being pasty and cohesive at the temperature of
incipiont fusion, they are extromely brittle and in some cases easily pulveriz-
tble. But, admitting that there is a particular temperature at which a metal
becomes pasty, its range is so limgited in the case of the common metals, that it
would scarcely be possible to hit upon it with any certainty in practice; or, if it
Wwere possible, its duration woyld be too short for the performance of the neces-

fary manipulations in welding. .
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Sir Frederick of heat but whether that lowering took place from 99 volts to 66
Bramwell, © or from 66 to 33, or from 33 to zero, the effect was the same.
Dr. Hopkinson, who Was one of those who had devoted great
attention to the subject of the ohclnge in the electrical conductivity
of metals under variatiops in tetaperature, had been kind enough
to allow him to put upon the wall enlargements of the diagrams
of some of his experimehts on this increase in resistance (Fig. 11).
It would be observed that, wherers at 32° Fahrenheit, there was
a resistance of 1, at 1823° Fatirenheit the resistance had increased
to 8}; and, no doubt, if the observation had been carried on to
the temperature attained in the experiments just performed
before the meeting, the resistance would have been much greater.
The Paper to which he had referred wes to be found in the
Philosophical Transactions for 1889, and it contained a vast
variety of most important matter which he rccommended to the
attention of members interested in these subjocts. lIe had
mentioned that it was impossible to state the exact number
of amperes needed for a particular temperature The fact was
that the heat was cumulative. He was now about to show not a
weld, but a heating up of a bar put in between the jaws, and heated
by the passage of a comparatively low current, which would be
continued until a temperature was reached at which there appeared
to be a balance between the heat geperated and the losses, so that
the temperature was maintained. If round the heated bar there
were then placed 4a incombustible envelope, and if it were kept
there for some little time, and then withdrawn, it would be found
that the temperature had enormously increased. He would
instance such an experiment as firoving that it was impossible to
say that any particular number of amperes were needed to pro-
duce any particular temperature, and as establishing that the
number of amperes depended upon other circumstances as well as
on the desired temperature. With reference to the statement in
his Paper that it was desirable that the large currents should be
produced close to the machine, he wished to call attention to a piece
of conductor of the same size as that which was bringing the
electricity from the dynamo a few yards away. He would ask the
members to compare its diminutive section with that of the con-
ductors of the machine itself conveying the large current of low
electromotive force. It would be seen that these were two bars
of copper about 7 inches deep, and 2 mchos or 2} inches thick.
They were the conductors which weré needed for the transmis-
sion, without too much heating of this extremely large current;
while the ou{rent from the dynamo, before it reached the trans-
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former, was Lrought in by conductors, which were mere wires. Sjr Frederick
The machine in which the large welding had been carried on had Bramwell-
been so fully described ip the Paper that 1t need not further refer
to it; but there was on the table 3 machine which had not been so
fully described. It was used for ‘the weMing of small wires, and
matters of that sort. In the box, forming the stand, there was a
transformer, and there were jaws to lold the piece under operation ;
the two jaws were urged to appwoach by a spring, and in this way
was obtained the endway pressure *which performed the weld-
ing. There was an implement for the purpose of insuring that
according to the natureand dimensions of the metal it should have
when fixed in the jaws a proper projection. When the switch with
which the apparatus was provided was drawn into the position
shown, the current was on; but as soon as the jaws had moved
sufficiently near together to “upset” the softened material, they
struck a detent, allowing the switch to move automatically, and
to cut off the current. Reverting to the iron welds he wished to
call attention to the results, shown on the table, of the bending
cold of the bars that had been electrically welded. They were
certainly below those of the hand-welded specimens to the extent
of about one-half; while when bent hot the results of the two
modes of welding were practically the sume. Ile was referring to
diagrawm, Figs. 26. He could only say that he wished he had had the
wit to have the welds annealed, because he had no doubt that
would have brought the cold bending to an eqlality. He would
now show, with two pieces of Farnley iron, a weld of the
character of those of which eighty had been made, as mentioned
in the Paper. The next experimeht would be with two pieces of
wire cable. In order to obtain the results just shown, an engine
of Marshall's which indicated 50 HP., a large dynamo and a
small one, had been erected at the back of the meeting room.
This had involved, of course, a great deal of preparation; but it
would not e all bestowed on this single meeting, as he had the
Permission of the President to say that the apparatus would be
allowed to remain during the week, and that on ,ach day it
would be in operationgbetween the hours of two and four o'clock.
Mr. W. H. Preece observed that during the past twelve years he Mr. Preecs.
" devoted so much attention to the connection existing between
passage of electricity through matter and the generation of
heat therefrom, that he was sure the Institution would pardon
his giving to some extent Phe substance of numerous papers on
the subject which he had submitted to the Royal Society. It
Was desirable, in the first instance, to point out tha} the trans-
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Mz, Preoqa. ference of what was called electricity through matter, whether
gas, liquid or solid, was always accompanied by an expenditure
of work. If aspark pasded through a gas, the gas was dissociated into
its constituent atoms; ifa curren&passed through a liquid, the liquid
also had its molecules brpken up‘into their constituent atoms; and
if electricity passed through a solid, inasmuch as there was nothing
there to break up, the electricity generated a certain motion of the
molecules which gave what was called heat. It was nearly half a
century ago, in 1841, that Joule—one of the greatest experimenters
and one of the most wonderful men that the century had produced
—developed the law that determined the generation of heat, and
that law had been proved ever since to be actually true, and it
underlay the fundamental facts of the syttem of electric welding
and of all practical applications of heat derived from electricity.
But Joule’s law, that the heat developed per second varied directly
as the square of the current and as the resistance of the conductor,
or H = C°R, assumed that the conductor conveying the elec-
tricity was surrounded by something that was not itself a con-
ductor of heat, and that all the heat generated in the conductor was
utilized, or, as some said, wasted, in the conductor. Another great
genius, happily still living, Sir William Thomson, about ten years
afterwards said that the development of heat in a conductor
could not possibly be taken into censideration without also con-
sidering the effect of the dissipation of heat from the surface
of the conductor ; that whenever a conductgr conveyed a current of
electricity there was not only the generation of heat in the con-
ductor but a radiation and convection, or, as it was called by the
more general term, the emissitity of heat from the surface; and
that when the heat generated in the conductor was equivalent to
the heat emitted from the surface, the temperature of the wire
became constant. He wished to point that out because in
every heat question it was essential to draw a broad distinction
between the heat generated and the temperature of the body that
conveyed the heat. His attention to the subject began with the
improvement of lightning protectors to preserve sub-marine
cables, which were based upon the notion éhat a very fine wire,
say ‘of platinum, would be fused by a hghtnmg flash before it
was possible that the strength of the current derived from the
lightning flash could injure the cable; and therefore it was de-
sirable to find the dimensions of the fusible conductor which could
not under any circumstances be fuséd by such currents as were
used for telegraphy, but would be fuseg the moment the current
aoquired such strength that it might injure the cable. This was
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the principle of “ cut-out” so largely used in electric lighting. Mg Preece.
In carrying out that inquiry he showed that the law that determined
the fusing of a wire bare and exposed in afr (a condition assumed
in all inquiries and in all paperg written on the subject) simply
depended upon the strength of thé curremt that flowed, or rather
the quantity of electricity that passed. It followed a distinct law

based upon the diameter of the wire, whick was expressed thus:—

C=a d’Ql ; C being the current, a a constant called the fusing
constant, and d the diameter. In fact, by determining by experi-
ment the current that would fuse a wire of any material an inch in
diameter, the current that would fuse any other wire could be
determined by simply taking the square root of the cube of the
diameter. An iron rod? an inch®in diameter, through which a
current flowed, would certainly be fused when the current reached
3,148 amperes. There was nothing in nature more certain than
this; and to ascertain how much current would fuse a wire
2 inches in diametgr it was only needful to take the cube of 2,and
the square root of that, which was 2:8. That rule had been
shown to be absolutely exact. Based on that rule he had made a
series of very careful experiments from which had been determined
what were called the fusing constants of metals. Assuming that
arod of iron 1 inch in diameter would fuse with 3,148 amperes,
linch of copper would fuse with 10,244 amperes, and the other

metals in proportion. .

" Frsing CONSTANTS.

i Diameter . Diameter
— | in — in

} Inches. Inches.

o o Amperes, . . Amperes.

Copper . .| 10,244 Platinoid . 4,750

Silver . 7,688 | Iron 3,148

Aluminium 7,585  Tin . 1,642

German Silver 5,230 Lead 1,379
Platinum Le® 572

{

The point which he wished to urge was that those who argued
on Joule's law alone argued on a false assumption, and that it was
neoessary to take into consideration the question of the surface
®xposed to radiation and cquvection, and the environment of the
Conductor. Mr. J. T. Bottomley, Professor Dewar and others had
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Mr. Pregce. lately worked in that field, and they were now getting clearly' to
understand the relatign existing between surface temperature, and
emissivity. But the &urious fact had come out in his enquiries,
that in some circumstances 3he quesfion of time might be
altogether neglected. W\ wire'conveying a current took time to
acquire a constant temperature, and the time it required depended
upon its dimensions. ‘ A wire so small that it might be called
hair-like cooled and heated with such rapidity, that it actually
emitted sounds; and a thermo-telephone, which ho had submitted
to the Royal Society in 1878, reproduced the voice by the rapid
heating and cooling of a fine platinum wire. The law was so
exact, and it gave such concordant and satisfactory results, that
there was now not the slightgst difficdty in determining the
temperature that any wire could attain from any current; and
vice versd, by measuring the temperature which a round cylinder
acquired when carrying electricity, the current could be ascer-
tained. But like all laws, that one was liable to be broken, and
certain departures had to be taken into consideration. It was, of
course, scarcely applicable to the apparatus exhibited. Oue of
the most serious allowances that had to be mado was the cooling
effect of the ends. In the apparatus there were short lengths
of iron bars, probably about 3 inches long, inserted between
heavy jaws, the ends being attached to immense masses of metal.
The result was that those masses of metal had to acquire heat,
and they reducedthe temperature of the end, so that instead of a
bar of iron taking about 3,000 amperes to fuse it, the probability
was that it would take nearer 10,000. On the other hand, if
instead of being 3 inches tld bar of iron were 3 fect long, it
would probably be found that in the centre of that lar fusion
would be effected by about 3,000 aperes. It would be noticed, in
watching any experiments that might be made, that the bright
heat was in the centre, and the black part of tho bar was at the
end. Again, allowance had to be made for the influence of the
environment of the wire. Many engineers were apt to consider
the effect of, lagging in steam-pipes, and there were cortain forms
of Jagging that maintained the temperatyye of the steam pretty
constant, and reduced the waste heat very greatly. On the other
hand, certain forms of lagging had exactly the opposite effect.
It was a curious thing that if the environment of the wire had
a deleterious influence on conductors, heating would be seriously
felt in submarine telegraphs. Submarine telographs conveyed
currents for a long time, while heqvy street mains conveyed
powerful qurrents for electric lighting purposes, and if heat had
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an®aocumulative effect in conductors surrounded by insulators, Mr. Preece.
gooner or later damage might be occasioned; but as a matter of ¢
fact, the presence of gutta-percha, india-rub}ler, asphalt, and nearly
all materials used for insmlating conductors had the reverse effect,
for they tended to cool the wire. §In 1882 he was engaged with
Mr. Robert Sabine in some interesting eXperiments, which were
unfortunately brought to an end by that, gentleman’s untimely
death. It wasfound that the emissivity of an asphalt surface was
seven times that of a copper surface, and india-rubber and gutta-
percha were greatly in excess of brig'ht copper. The result was
that, with most of the materials that were used to insulate the
current, the wire was cooled. There were some things in
which the reverse effect occurred, one of them being asbestos,
the emissivity of whicf was vety small. It was an insulator
of heat; and one of the prettiest experiments that the Author
had shown was that of covering a glowing wire with a sheet of
asbestos, the result of which was that the emissivity was checked,
the temperature rese, and the wire was fused. There was a
departure from that law,and a curious one, with which electricians
were not yet thoroughly acquainted, but they were becoming more
familiar with it every day, namely, the practical effect of alternate
currents’ of great frequency, such as were being used at Deptford
to be transmitted to London for electric lighting purposes, and
which formed the basis of neatly all the great systems of electric
lighting, not only in America, but in England. It was a remark-
able fact that when alternate currents of electricity were trans-
mitted through iron wires, there was not only the heat due to the
passage of the currents of electricity, but there was a kind of
churning action in the iron itself due to the incessant rapid
reversals of magnetism. It was a kind of viscous friction amongst
the molecules of iron, and heat was generated, which varied
almost directly with the number of the.alternations of the current
per second, and also with the strength of the current. The result
was that with alternate currents the generation of heat was greater
than with continuous currents. A careful experiment showed that
an iron wire which fused with a steady current of 422 amperes
Was melted with 92 ®mperes when the current was alternaging.
That effect of alternate currents on wires had received the rather
awkward, but now well-known, name of hysteresis. It represented
the work done on iron molecules by the reversals of magnetization.
S_O far as present knowledge gvas concerned, the practical applica-
Hon of these laws had been most charmingly shown by the
¢xperiments the meeting had witnessed. There were one or two
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Mr. Preece. points which the Author had not made as much of as he might
« have done, and which were worthy of careful consideration. When
iron was heated first for welding purposes, it was raised to a very
high temperature indeld, probably 83,0007 Fahrenheit or more, and
was thus heated beyond the pojnt where oxidation set in. In the
case of steel, the blue, ybllow, and orange points of oxidation were
very fairly indicated, but he did not know that any one had
absolutely measured the temperature of iron or steel at which
scaling commenced. Whatever that temperature was, it was a
point to be avoided; but id welding by hand it was not avoided.
There was a fixed fiducial point in heating, the point where objects
first became visible. The first appearance of red light was a
marked fiducial point, like the freezing or boiling point of water,
and it had been determined by many physicists to be 525° Cen-
tigrade, or 970° Fahrenheit for all substances. In welding by
electricity the metal reached that point, and then gradually, as
the current increased, became plastic; it got beyond the state of
viscosity, it virtually became liquid, the molecules were mixed
together, and before reaching the point of scaling the very tem-
perature was reached which secured the wecld. He might be
permitted to give an illustration of a perfect weld. He would
take a tube in which there was a cylinder of ice; if the tylinder
were drawn out and broken, and he desired to weld it, he would
put it back in the tube and melt the broken bar of ice; the
molecules of water would then rush about amongst themselves,
and become one homogeneous mass. Then, by freezing the bar
again, an absolutely perfect weld would result. Very much the
same thing happened in welding a rod of metal by a current of
electricity. The metal was brought to a condition of fluidity,
where all the molecules rushed together and became one homo-
geneous whole ; it was then allowed to cool in air, and the result
was an absolutely perfect weld. The subject of electric welding
was not altogether novel. It had long been employed in the works
of Messrs. Siemens, where he had seen it mauy years ago; indeed,
one of the first to work in that direction was the late Sir William
Siemens. Mr. Alexander Siemens was present, and perhaps he
might be able to state something about ¢he work which was
carried on. Eloctricians were obliged to keop thoir eyes as well
as their ears open since the advances in electrxcxty were 0 great,
and he hardly knew where they were going to stop. Eleotrio
welding had been introduced in Russia, and had attracted great
attention there. He referred to the Bernardos system, in an acoount
of which he had read that it was possible to weld iron-plates under
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water ; that if a leak, ora crack, or an accident took place to a Mr. Presce.’
plate of an iron ship under water it was possible to fuse it even «
there. .

Mr. ALEXANDER STEMENG said that, as Mr. Preece had mentioned, Mr. Siemens.
there had been some practical apglications of electric welding at
the works with which he was connected. #it was found that much
time was lost in welding the wires in the ordinary way during
the sheathing of cables, and in 1881 a special apparatus was con-
structed, in which the welding heat was produced by a continuous
current of electricity. The machine uted at that time was small,
the current was 60 amperes and 20 volts, but occasionally during
the welding it increased to 100 amperes. In the circuit of the
machine a variable resistance was fitted. The firm did not weld
butt-ends, but made scard-joints, s@as to be quite sure of making
a strong joint. ~On testing afterwards it was’ found that the wire
broke as often in another place as in the weld. The sizes of the
wires were 0°073, 0-11, and 0:131 inch. About the same time
—in April, 1881—:a.proposa'l was made by Mr. Atkinson, who
wanted to tin the iron plates of ships as a protection against the
action of sea-water. He employed a carbon handle, to which one
pole of the dynamo was fastened, the other pole being attached to
the iron body of the ship. Bringing a piece of tin into the are,
so to speak, he first fixed little patches of tin on the iron plate,
and then he attached the tin plates. There was an application of
the same sort of welding in the electric tramway on Ryde Pier.
The rails on which the tramcars ran were used a8 conductors; the
ordinary fish rails were not a good enough electrical connection,
and therefore the neighbouring rails were attached to each other
by a picce of iron bent in a U shapé.

Mr. R. E. Croyrrox remarked that those who had seen the Mr. Crompton.
apparatus shown at the Paris Exhibition must have been greatly
struck with the way in which every detail had been worked out,
and must have highly appreciated the mechanical skill and in-
ventive power of Professor Thomson. The Paper and discussion
80 far as it had gone might convey the belief that only the alter-
nating current could be used for attaining the great heat necossary
for this mode of welding. Mr. Preece, in particular, seemed to
think that the hysteresis of iron added to the heating effects, but
Mr. Crompton did not agree with him. He had made such welds
on the provious day, using continuous currents supplied from a
fow large accumulators; he took pains to measure the current and
found it uch higher, possibfy tenfold the amount stated by Mr.
Procce. As the heating was accomplished so very rapidly, the
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. Crompton. question of emissivity did not much affolt the matter. He belieyed
« it was of great importance that the intense heat commenced at the
point where the crossysection of the circuit was smallest, namely,
where the two rounddd surfaces of the ends of the bars to be
welded were forced into contagt. The welding thus commenced
at the centre of the ber, and then spread outwards. This con-
duced to making the welding sound ; for as contact commenced in
the centre and the welding commenced also in the centre, the
scale which must always be formed whenever iron was heated to
such a temperature was forced outwards as the weld took place.
Those who had not attempted electric welding had little idea of
the great difference in welding metals other than iron and steel.
These two last were weldable metals in the true sense of the word,
that was, they attained a pasty conditiom. before fusing, whereas
the non-weldable metals lost all cohesion just at the fusible point.
Mr. Preece had made a mistake in comparing the regelation of
the ends of two cylinders of ice with the welding of iron. The
phenomenon of the freezing together of the two cylinders of ice
was of the same class as the fusing together of two non-weldable
metals ; a broad distinction should be drawn between it and the
phenomenon of welding.
8ir Frederick  Sir Freperick ABEL wished to add a word in confirmation of
Abel. what Mr. Crompton had stated. He thought the action was ex-
tremely simple. There was no doybt that a scaling or oxidation
of the metal must take place. It was not a question of tempera-
“ture; it began al a comparatively low temperature, Lut as the
temperature increased the tendency to the fusion of the scale
increased, and if welding hegan at the centre the fused scale would
be squeezed from bLetween the surfaces by the two first portions
that came together, and as the pressure was continued, and the
surfaces were brought together, the scale would be squeezed out,
and a perfect weld obtained. When Mr. Preece referred to Joule,
Sir Frederick Abel wondered whether he was going to remind the
Institution of Civil Engineers that Joule actually predicted in
detail many years ago the practxcal application of electricity to
weldmg purposes. He had given an interesting description of the
way in which electric welding ought to bg carried out, and the
. way in which it had been carried out.!
Mr. Mordey. Mr. W. M. Morney said that he wished to be allowed to point

! Memoirs of the Literary and Philosophical Socicty of Manchester. 2nd
Series. Vol xiv. (1857), p. 49. “On {he Fusion of Motals by Voltaio

Eleetricity.”
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ot some of the differences between direct currents and alternate Mr. Mordey.
ocurrents for welding. When Professor Elihu Thomson first pub- *
lished his acoount of electric welding eightc‘a&n months or two years
ago, his dynamo was a direct-current machine. It was interesting
to note that he had abandoned ti® use of that class of machines
and now employed an alternate-current machine to get the large
currents that he required. The first appagatus that he used was a
low-tension direct-current dynamo, and the welder was placed
immediately over the machine.” Ile now was able to adopt the
much more convenient plan of having the engine and dynamo at
a distance from the place where the welding was done. With
low tension direct working that was not possible, even separation
of a few feet being oljectionable on account of the enormous con-
ductors necessary. BY using alternate currents quite a small
conductor sufficed to convey the high-tension primary current to
the welder, where, by means of a transformer, it was conveniently
changed to a very low tension current. There were several
advantages in comngetion with the use of alternate currents. He
did not agree with Mr. Crompton as to the advantages of using a
direct current for the purpose. Except for very small welds he
thonght that a direct enrrent was not anything like as useful as
an alternate current. Mr. Preece had said that magnetic hysteresis
caused the heating of the iron, but he thought this was not exactly
the case; in the case of weldhg copper and other non-magnetic
metals, hysteresis had not to be cousidered atgll, and even with
iron the metal soon reached the temperature at which it was non-
magnetic, and therefore not suhject to hysteresis. Besideshysteresis,
alternate currents set up an actign which was absent with direct
currents. Hysteresis was a magnetic molecular effect; it was
molecular friction accompanying the change of magnetic condition.
The other, or as it had been called, virtual resistance effect was due
to the induction of the current on itself, and the result was a
tendency to drive the current to the surface of the conductor, and
to cause the conductor to oppose a higher resistance to alternating
than to direct currents. Alternating currguts in passing through
sonductors were denser near the surface than in the ihiner portion,
and with large confuctors and rapid alternations, the anner
portions wero scarcely traversed at all by the current. This effect,
Which was not understood a few years ago, was the explanation of
some of the difficulties experienced in electric lighting, when it
had been attempted to worky with large alternating currents. He
Suggested that it would very probaubly have a bearing on electric

Welding and could be made use of to advantage, asa large conductor
(TRE msr. c.. voL. ciL] L
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l(r Howard. the end with a sledge-hammer, the result being that it broke
. through the solid material, and the weld was not affected. He had
submitted one of the cylinders to Mr. Kirkaldy, who at the weld
obtained a tensile straii. within a fraction of 92 per cent. of that
of the solid metal. He did npt think that the two processes
should be regarded as rivals. What one could not do the other
could, and he believed there was ample room for both.

Professor  Professor A. B. W. KENNEDY said that he had lately spent a fow
Kennedy. (ooks in examining the working of the process in America, and
would give a few particulars as to what he had seen. In most of
his experiments a machine of the type shown in Fig. 18 was
used, a 60-unit machine having an electromotive force of 300
volts, its rate of alternation being 50 double alternations per
second, and its speed about 1,000 revolut'ons per minute. The
engineers who had charge of the works at Lynn, near Boston,
where most of the machines were made, had fixed by experiment a
standard time during which it was convenient that the operation
should last, and also a standard projection beyond the edges of the
copper clips for the pieces to be welded. The projection which they
made in the case of a round bar was eqnal to the diameter, so that
for a bar 1 inch in diameter there was a clear space of 2 inches
between the clips. The standard time was forty seconds for a
1-inch bar, and otherwise in proportion to the diameter. Whatever
the duration of the current and thg diameter of the bar, within
certain limits it might be expected that the actual energy expended
would be reasonably proportional to the cube of the diameter,
speaking only of round tars. He did not, in his own experiments,
measure the indicated HP., but he measured directly the current
going to the transformer (using a watt-meter which he had pre-
viously calibrated), and he obtained the following figures. Fora
1-inch bar the weld took 328,000 foot-1bs. of energy, for a §-inch
bar 143,000 foot-lbs., for a }-inch bar 43,000. These quantities
were very nearly in proportion to the cube of the diameter. With
steel the figures were nearly the same. As the length of the part
heated was made to vary us the diameter, and as the time was also
made to vary as the diameter, the HP. ought to vary as the
square of the diameter, and the HI. per sqyare inch ought to be
constint. He found that the HI’. per square inch for a 1-inch
bar was 20-0, 3-inch 193, 4-inch 20°4; in steel, 1-inch 280,
Zinch 205, and §-inch 19-6. That was, as nearly as he could
measure it, the mean electrical HP. going into the transformer
per square inch of cross section of weld, during the actual time
when the current was turned on, and he had tuken tolerably



Proceedings.]  DISCUSSION ON WELDING BY ELECTRICITY, 53

frequent readings during those few seconds. In another type of Prof. Kensedy.
machine, the one used for copper, he fonnd that the HP. was
considerably less. At ghe standard timeesfor a 2-inch bar it was
only 146 per square inch. He had found in the case of copper a
discrepancy which he would not therf attempt to account for,
namely that the net electrical IIP. was nearly constant, although
the time varied considerably. He made the time vary from
twenty-one to thirty seconds, but the net electrical HP. per square
inch of copper was in every case akmost exactly 45. The actual
energy varied directly as the time, as nearly as he could measure
it. At one of the largest bicycle factories in the United States,
at Hartford, Connecticut, he found a welding machine being used
for brazing the tubula®limbs inte the Y-shaped fork of the front
wheel of the bicycle. The fork wasa nickel steel casting, into which
the two tubes were to be brazed. Each tube was put into its socket,
and two or three turns of fine brass wire were wound round it.
The tube was held in one clamp and the socket in the other, and
the curreut passed Through and melted the wire. No pressure was
exerted, but the brazing found its way into the juints, and a very
excellent brazed joint was made. The managing director of the
works had told him that he liked the process so much that he pro-
posed to alter the desigus of the bicycles in order that as many
parts as possible might be drazed in that manner. The great
cleanness of the braze was very noticealle, the borax glaze outside
being not so much spread as in the case of a nutuber of hand brazes
which he saw at the same works; and the time occupied in brazing
was not more than one-half that required with a gas furnace. This
machine had made about 30,000 1razes in nine months. Professor
Thomson, and the engineers who had worked with him, had made
a great speciality in the matter of welding (galvanized) telegraphic
wire, and also copper and brass wire. At onc of the largest
telegraph-wire works, that of Messrs. ‘Cooper, Hewitt & Company,
Mr. Spilsbury had told him that it was his duty to send in from
time to time to the Postal anthorities threo lengths of 50 feet each of
wire for testing conductivity. On one ocdasion he had made vne
of these 50 feet le"f)ﬂ out of 50 separate foet welded together into
one length, and had sent the three to be tested without sayid} any-
thing about this. All three lengths passed the test equally well !
_Onc thing that had surprised him was that a brass wire, wolded
In this faghion, with a mere butt weld, should stand drawing
without the least harm. Yle had taken five little pieces of wire
4 inches long, and had them welded into one length and had the
burrs yemoved ; they were at once carried to the drawing plate and
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Prof. Kennedy, Passed in his presence six times through (the wire was of 0°125
: inch diameter to beginywith, and finished with a diameter of 0°03
inch), and there was no® the slightest trpce of the existence of
the four welds. At the works of Messrs. Roebling, Sons &
Company, at Trenton, helfound that it was a habit to piece up all
kinds of odds and ends of old wire; and a welder which was
going apparently day and night had made at the time of his visit
about 194,000 welds. He had found with some interest that
wagons in America possess such a thing as a “fifth wheel”! It
was the circular ring serving as a guide for the bogic frame of the
front axle, called a perch plate. At the works of the New York
Fifth Wheel Company these rings were made of channel section,
about 2} inches by 1 inch, ande ¢ inch thick. They were bent
round cold to a slightly larger diameter than was intended, so that
they made a complete ring. The two ends were held in clamps,
the current was passed through and they were simply pushed
together during the process as in the case of btml;,ht bars, and as
far as he could see the weld was as perfect as any of the others.
From the time of putting in to the time of taking out, includ-
ing some hammering, about four minutes elapsed; then the burr
had to be ground off on an emery wheel, which took three
minutes more, so that the whole operation took about seven minutes.
The smith told Lim that in welding the rings as he had formerly
done he had first to flatten down the two sides and open them out,
then scarf-weld thetn, and then hammer up the edges aguin, which
oocupied thirty-five or forty minutes; so that the saving in time
was very great, and there was certainly no comparison hotween
the quality of welds after they were made. Whether the process
would be applied to the welding up of angle-iron frames, or other
parts of constructive ironwork, was perhaps questionable; but it
was obviously a process by which such welding was possible, and
engineers would be glad to ‘get welded angle-iron frames instead
of the built-up frames which they were now compelled to use, and
which had all kinds of weak places round them. The welding of
chains, he bejieved, had not been carried very fur, but what ho
had seen was so satisfactory as to make him Lope that the clectrio
weldifg process would be used for that purpose. He believed that
the idea was not to use two half links shaped like U’s entirely
soparate and then to put them together and weld them (although he
had bhad some links welded in that way very well), but to make
the links in a C shape, so that there'wds only one opening, and to
bold the two bends of the C in the clamps. When the current wus
put on, the registance on the open side increased as it heated, so
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that the other side heated up also. Thus by the time the current Prof. Kennedy,
had been kept on long enough to weld the one side, the other side» -
was hot enough to upset, and when the préssure had been put on,

the link looked as if it had been welded odf both sides. The Author

had alluded to the welding of'wire cables. This he had seen

carried out several times, and had broiight some specimens back-

with him. Of course, the effect of tha welding in such a case

was simply to make a short piece of cable (perhaps equal in

length to two diameters) pel’fectlx solid. In the case he had

tested, the weld was about 78 per cent. of the strength of the actual

unwelded cable, which was an enormous percentage for any wire

cable, and for a cable of the interlocked type it was specially satis-

factory. .

Mr. Hexry Davey regretted® that he only had a superficial Mr. Davey.

knowledge of the subject of electricity. In the text-books he

Fiy. 20,

Fig. 31. Fig. 32,

found a constant reference to hydraulic analogy ; and the statement
was made that a curreut of electricity behaved in much the same
way as a current of water. The books, however, did not go much
into detail, but only dealt with the subject in a very general
way. In speaking of a hydraulic engine, the first engine that
naturally occurrc@ was that of reciprocating machinery. He
thought, however, thut if attention was directed to hydraulic
analogy in a more complete way, and machines were sought
out which had a more perfect analogy, it would be of more
assistance. By a little ingenuity there oould be got from the
centrifugal pump and the turbine almost a complete analogy as
to the behaviour of electrical currents, taking the centrifugal
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Mr. Davey. pump as the dynamo, and the turbine as the motor. He had in

« & diagram which he had placed on the wall, a centrifugal pump,
which was analogous tv a self-regulating dynamo. A self-regu-
lating dynamo had a skunt, and it could e employed to supply
lamps in parallel. If ancther lamp was added there was a greater
demand for the current, iind the self-regulating dynamo supplied
that current. To complete the analogy with the centrifugal pump
he would put in as a shunt a hydraulic cylinder (Fig. 29), with
a piston, the rod of which was aftached to a mechanism which
would expand or contract the’ mouth of the pump. Immediately
the pressure was increased on one side aud diminished on the
other momentarily, the shunt cawme into action; it opened the
mouth of the pump, and the increase of the engine-power gave
the increased current. 'That, he thought,'wus a more complete
analogy than he had seen in the text-lwoks. Fig. 30 illustrated a
series dynamo, and Fiy. 31 a series dynamo supplying an aceumu-
lator. Supposing the speed of the contrifugal pump (Fig. 31)
to be reduced below what was nccessary to kegn-up the pressure
in the accumulator there was a reversed polarity. The last
diagram (Fig. 32) showed the centrifugal pump giving motion toa
turbine, or the coupling of a dynamo to a motor.

Mr, Matheson. Mr. Ewise Matuesx observed that the Author had spoken
of putting the pieces of metal to be welded a second time
into the machine, and it appeared thut the time occupied by the
second process had a_considerable effect in regard to the total resunlt
as compared with haml-\\'«ltliug. He had seen a great many pieces
welded, but it was very seldom that they were put a second time
into the machine. Tt was not essential to the process of welding.
If it was required to re-heat them for any manipulation, they
could be re-heated at will ; bt it was not necessary for the primary
purposes of welding. If, therefore, the time occupied for the second
operation were deducted from,the total amount, which was given as
one hundred and thirty-five seconds, the comparison with hand-weld-
ing would be considerably altered. Taking the gross power while
the current was on at 33, and the average power when the engine
was running light and produced no current, at 9, instead of giving
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could not be welded at all by the hand-process, namely, hard and Mr, Matheson.
so-called unweldable steel. To engineers, sbeel-makers, and tool-

makers, that was a digtinct advantage.: He had seen some

very hard Mushet steel (the hardest tool steel) welded to soft or

Bessemer stecl and to iron in a way that ailowed the tool steel to

be used right up to the end, instead of having to be thrown

away when it was too short to hold in a machine. He had also

seen lead welded—a curious operation, impossible by any other

nieans, and one which he believed, im certain manufactures, was

very valuable.

Mr. B. Brou~t asked whether there were any data respecting the Mr. Blount.
composition of the bars before and after welding. The smaller
angle through which an edectricallyswelded bar might be bent cold
might be due to some change which had occurred during the drastic
operation of electric-welding; and he should be glad to know
if any analyses were available which wonld throw light upon that
point.

Mr. W. W. Beausio®r had made a number of experiments with Mr. Besumont.
the same machine with 1}-inch Farnley iron, and with other sizes;
aud from what he saw with regard to the passage of the current,
the discrepancy hetween what Mr. Crompton and Mr. Mordey had
said was only apparent. When the ends of the pieces of iron
were rounded, the centre partg or the parts that touched first,
became hot first, like the two pointed ends of a pair of carbons
inan arc lamp. It might be true that the pasdage of the con-
tinuous current was as Mr. Crompton had stated, and the
alternating current as Mr. Mordey had said; but as a matter of
fact, those parts first became hot which were first in contact with
cach other. But then the lars were not rounded, they were
flat. When the bar was sheared off, the shearing was at a
slight angle, and the two pieces were placed in the clamps so
that one angle became the complement’of the other, and contact
twk place over a considerable area immediately after the current
was switched on. With regard to the power taken in per-
forming 1-inch welds, he had found, from experimen}, that the
n_la.ximum HP. was 22 or 23, and the average, taking the whole
it was being made, not much more than 12. That wéhld

the cost given in the Paper as compared with the cost of

g the same iron by hand. He had noticed that the elec-
wolded some of the bars at one operation, but when they

to be very careful to%et an excellent weld, or one with

& good finish, though perhaps not stronger than the others, they
took two heats. He had alsq observed that they almost juvariably
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Mr. Beaumgnt. left the iron where it was welded rather larger in section than

Nr. Mordey.

Mr. de

Segundo.

the other part of thabar. That might, perhaps, explain the fact
that in some cases tha bending did not_take place to so large an
angle as in the case of some ¢f the hand-made welds. It would
be interesting if, w ‘hentests were made of the strength of electric
welds, the specimens could be turned, so that the sections should
be the same throughout. Mr. Mordey had mentioned the use of a
small engine and heavy fly-wheel. From the figures which Mr.
Beaumont had given, it appeared that a smaller engine might be
used, when only one machine was needed, more economically
than a large engine. Although welding by electricity might not
take the place of ordinary welding for common work, the process
would, no doubt, be extremaly valuabde in many cases where
welding was now impossible, or where things had to be made
out of a solid piece but could be more cheaply made in parts; and
also in the work of brazing.

Mr. W. M. Morpry said that the difference of tendency between
an alternate and a direct current was this ™ with a direct current
the part heated first was the centre; with an alternate current it
was the outside; with an alternate current the heat grew inwards;
with a direct current, outwards.

Mr. E. (. pE Srsusoo stated that no details had been given of
the increase of cost of electrio ,welding over that of ordinary
welding by a smith’s fire. It was of course not fair to judge by
the temporary Mlant exhibited at the Institution. But, even in
the case of a welding machine in constant use, it was not easily
seen how, generally, electric welding could compete with ordinary
welding when the cost was taken into joint consideration with the

"time saved. Neither in the tests mentioned in the Paper, nor in

those detailed hy Professor Kenned) could a saving in time of more
than 50 per cent. be claimed in ordmury work, whereas the cost
must be many times as great. For in the case of the smith’s fire
the work was brought into direct contact with the heut of the
fire, and the heat was to a great extent localized by the blast, and
by well-knpwn measures adopted by smiths ; but in electric welding
even under the most advantageous conditions, namely, where
power could be obtained cheuply, the first cost, as also the main-
tenance of the plant, was and must be necessarily larger than that
of an ordinary forge, and the power was fritterod down by two
efficiencies, that of the dynamo and that of the transformer. In
cases were steam-power was used, % considerable increase of loss
was unavoidable, since heat bemg the lowest known form of
energy, the transformation to a higher form and then down agsin
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to the lower could not but result in waste. Further, it must be Mr.de

evident that, at least for the present, the range of applicability of Segundo:
electric welding must be 'imited, for, with {ne machine exhibited
it was certainly only possible to do #ork of a very straightforward
character. For instance, should it be required to weld channel or
other forms of iron, as related by Professor Kennedy, it was not
conceivable that the same clamps would be used as for round bars;
otherwise it was difficult to see now injury to the material from
local heating could be avoided. If not, special clamps, or univer-
sally adjustable clamps, or special machines for each class of work,
must be provided; but the first arrangement would involve a loss
of time, the second would be difficult of realization owing to the
contacts necessary for sich large ¢urrents, and the third would
involve a heavy outlay. It was, of course, extremely difficult to
calculate the electrical energy required to weld iron, Lut the
following guve some idea, however rough, of the required amount.
Assuning the bar to e welded to be 1 square inch in section, and
that the metal for 2 inches on each side of the weld was raised in
temperatare 2,000 Fahrenheit on the average, the expenditure of
heat, supposing for simplicity in calenlation there were no radia-
tion and constant specific Leat, would be about 250 thermal units.
Now the Author's practical illustration showed clearly the enormous
amount of heat lost by radiation #and conduction, hence at least 50 per
cent. might safely be added to this value. Of coprse the duration
of the “heat” should be taken into account, as this would
greatly affect the nmount of heat radiated. Assuming, however,
250 4 23" = 375 thermal units to be the amount required, this
maltiplied by the average counter-efficiency of the transformer,
say ;= of the dynamo, say ,.\; of the engine, boiler, and loss in
transmission by belting, &e., say AT would correspond to 10,600
thermal units liberated in the furnace, or to the combustion of
something like 1 1b. of coal, such as was used in a smith's forge.
This, it need hardly be said, although a low estimate, was probably
in excess of what was burnt at a forgo for s small an operation
ag the welding of two bars 1-13 inch in diametera The cost
- increase as tiwe work got larger, and probably a limit
soon be reached. Besides it was not probable that in the
of large bars, the heat would be anything like as uniformly
distributed throughont the material as if the bars had been heated
snith’s fire. There cqld, however, he little doubt that for
" special branches of industry electric welding would find a
?sefnl application, but it gvould not be prudent to predict for it
wide extension in purely mechanical or civil engineering work.
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8ir Fredefick  Sir F. Branwery said he had very little to reply to. Not

Bramwell.

unnaturally, the spebkers had been principally electricians, and
they appeared to hiuM to have shown mufficient diversity in the
opinions they expressed for on® opinion to neutralize the other;
the acid and alkali making a neutral salt. Mr. Preece had given
the result of experimepts made by him to ascertain the number of
amperes needed to immediately fuse a wire, so immediately as to
represent the result of a flash of Yightning upon a conductor, for it
was with reference to conductors that he had instituted the ex-
periments. It appeared to Sir Frederick Bramwell that that had
nothing to do with the Paper. He had not heen dealing with the
instantaneous effects of electricity, but with the practical welding
question, and therefore the quétion of ®hat number of ampores
passing throngh any given diameter of wire of any given meotal
would cause instant deflagration, without the yuestion of the
loss of heat emergy by dissipation coming into account, had
nothing to do with the subject hefore the mgating. The experi-
ments were, no doubt, interesting in themselves, but they wero
not germane to the matter. On the question of time being an
element in the attainment of any needed temperature, there was
one point in his Paper, that of the extra resistance offered by the
metal as the temperature rose, the importance of which appeared
to have been overlooked ; to this pomt he should have to revert. Mr.
Crompton had sajd that time had nothing to do with the matter.
He could not umharstand how a gentleman of his large experience
in electrical science and in its applications conld have made that
statement, or indeed how any one who had seen no more than the
experiments carried out at the mecting could have come to that
conclusion. It must have been obvious to every one that the
temperature was a growing quantity, and that it continued to
grow until the sources of dissipation of heat operated to such an
extent that the dissipation was equal to the supply, and then it
remained stationary. If a given conductor—the thing to he
welded between the points that were to weld it—destroyed the
well-knowne 33,000 foot-1bs. of electrical cnergy in any given
time, say a minute, the utmost that could be got out of that
destruction, and that which would inevitably be got out of it,
was 41 or 42 heat-units. These heat-units would be obtained if
the current were continued, say a minute; if continuned two
minutes, the number of heat-units would be doubled. There
would, he agreed, be a certain amount of loss, but the product of
heat-units would be doubled ; and howy, therefore, it could be said
that the &eating, depending as it did upon the destruction
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of electrical energy, an S
which destroyed that energy into heat was instantaneous and
independent of time, he could not imagine, Mr. Mordey had
referred to some extremely interesting expesiments, but he did not
appear to agree with Mr. Crompfon or with Mr. Preece. His
suggestion was that in alternating curret)ts, the heat was com-
municated, to begin with, on the outside of the material, and that
it would heat up a tube more rapidly than it would heat up a
solid bar. Some of them no doubt were aware of a curious
instance, in the person of one of their Past Presidents, of the
effect of an alternating current upon a bar, the outside having
been made so hot that his fingers were burned by laying hold of it,
but afterwards, when thrown down and picked up by a labourer,
it was found to be quite cold. ,The heat, in that case, like
beauty, was only skin deep. This expression was corroborative of
Mr. Mordey’s views. But although this might be abstractedly true
of the result of using an alternating current, it certainly did not
obtain in the practical work of the machine, and Sir Frederick
Bramwell was inclifftd to believe that Mr. Mordey, like the other
speakors, had neglected the statement in the Paper to which he
had before alluded, that of the effect of the increase of the resist-
ance with the rise of temperature. He desired to be permitted
to quote the passage: “This increase of resistance to the
passage of the current, as the temperature increases, is of great
utility in eloctric welding. Counsider the two ends of bars
to be welded, mere ordinary rough surfaces, th® first contact is
made upon numerous points, through these the current passes, and
thoy become rapidly heated, and offer more resistance. Asendway
pressure is applied, the surfaces in contact become of larger and
larger arca. The greater current seeks those parts which,
although in contact; are at a lower temperature, and this goes on
until contact, and uniform temperature, are obtained all over.” If
more value had been attached to that’statement it would have
been seen why it was practically a matter of indifference whether
the heat began at the outside or in the middle or anywhere else.
It might bo illustrated by the passage of water. Suppose there
were a closed vessel opt of which proceeded a number of tubes,
some a }-inch, some 4-inch, and some 1 inch diameter, and“that
the box was supplied with a uniform pressure, and that it was
desired to send water through the tubes. They all knew what the
rate of flow would be through those respective diameters, how the
inch tubes would prevail ovdr the }-inch, and the }-inch over the
trinch tubes. But suppose while the water was going through the

the conversion in the conductor Sir Frederick

ramwell,
h ]
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8ir Frederick larger tubes with great rapidity there was deposited from it some

Bramwell.

matter inside the 1-inch and }-inch tubes, choking them up? It
appeared to him that.the time would soon arrive for the other tubes
to take up the running, because on the hypothesis those tubes
that were the best at the beg1 ning would be the worst afterwards.
In that way, from tih mcldent of the operation which he had
suggested, they would obtain a practical uniformity at last of the
currents through all the various parts of the water-conductor which
he had thought of as a compagison. Similarly with electricity.
Any one who had watched the two bars in contact would have
seen that the glow began where the contact took place, whether
in the middle or at the edge; that the points of contact then
became plastic, that they were compressed by the screw, that
more surfaces were hrought in gontact, angl that those surfaces being
cooler, the current sought them, heating them up next in turn, and
that this operation went on until the whole surface was heated.
Mr. Preece’s suggestion was that the greater heat at the centre as
compared with that at the edges was due to the enormous rapidity
with which the heat was conducted away By the holling jaws.
Although no doubt there was conduction there, he thought Mr.
Preece would find that it was not, as he had put it, hecause the
heated part was cooled down by contact with the jaws, but that
the central part remote from the jaws was the hotter because it
was the part of worst conductiop from the very outset of the
current, and became worse as the operation went on—worse to begin
with because of ®he few points of contact, worse afterwards because
of the heating up of that particular place; thercfore it necessarily
remained the hottest. With regard to the other speakers—Mr.
Siemens, Sir Frederick Abel, and others—he could ounly thank
them for the kind manner in which they bad spoken, and for the
information they had given. Professor Kennedy's statement also
as to what he had seen in the United States, where the machines
were in actual commercial use, was of great value to the meeting.
One speaker had said that he was surprised at the amount of
plant and power used for the experiments. Ilo had already
adverted to the cause, but he trusted he might be allowed to
repeat that as much electrical horse-poweg, must be destroyed as
would give the needed amount of heat-units in a given time; it
was a necessity, and it could not be helped, unless they were
prepared to spend miore time in the heating up; but this meant
waste of the workman’s time, and waste of the production of the
machine, and waste of power, as the $ooling losses were continuned
for a longer period. As a matter of fact, there was utilized a very
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)
large amount of the hea.i? derived from the destruction of the Sir Frederick
electrical energy—of the eloctrical horse-power—the defect in Bramwell
utilizing the fuel was not at this point, brt was at an earlier
stage, that of obtaining in the steam-engire anything like the
value of the heat-units residing in the coal consumed. If they
only had the horse-power in the steam-engine for anything like
the theoretical value, there would be no furnace so economical in
rendering back the heat to the iron; the loss would be found
to be much less than with any known mode of applying heat ; but
the difficulty was at the outset, the first conversion of the fuel, the
turning of its latent energy into motive power ; the loss was there.
It remained to be seen how far, on a balance of advantages, the
greater consumption of fuel (if it were greater) and the size of
the plant, would outweigh the abvious conveniences connected
with the certainty, the cleanliness, and the rapidity of the
operation. As to the way in which the bars had shown signs
of cracking when bent cold after passing through only 60° as
compared with the scarf-welds at 114°, he had already said that
he thought it could*be cured by annealing, but he had not as yet
suggested the cause of the difference; he now desired to express
his belief that it was due to the extreme localization of the heat
during the welding operation. With a scarf-weld the whole
length of the bar was heated up as far as the length of the scarf,
and there was a counsideralle extension of heat beyond jthat;
but with the electrically heated butt-weld the heat was much
localized, and it appeared to him that that might result in a
difticulty in the cold bending—a difficulty of no great importance,
and one which might be almost certainly overcome by annealing.
Ho thought he was justified in saying this because when the elec-
trically-welded bars were hent hot they bent neither lLetter nor
worse than the band-welded bars, and this difference between the
hot and cold states could only be due to the fact that in the re-
heating the heat was diffused through & considerable length. He
therefore thought that if these bars had been allowed to cool down,
and had then been tested, they would have bent as well cold as the
hand-welded bLars. Although he had not leen able in person to
mako the experiment,or even to superintend it, he Lad been told,
and he had every reason to believe it was the fact, that inases
where the bars had been annealed they had given bending results
a8 good as hand-welded bars.

[ CORRESPONDENCE.
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‘ Correspondence.

Mr, Menges. Mr.C. L. R. E. ME.!m:s obsegved from.the diagrams, Figs. 23, 24,
and 25, that the spee‘i of the engine, when running light, was
about 7 per cent. ahbove the speed at maximum HP. Now, he
thought such variatidns in speed during the use of the large
welder C, Fig. 22, would make it at least difficult to use at the
same time the small weldem A, the more so us the current varied
even in a greater ratio than the speed. That might be of no con-
sequence in this temporary installation, but in a workshop all
machines should be, of course, quite independent of each other. A
7 per cent. variation in speedy was by mo means too much for a
steam-engine, and especially in such cases as this one, where the
power was suddenly thrown off. He should never advise the
adoption of a more sensitive, that was a more astatic, governor, for
then the engine would certainly hunt. For a like reason, any of
the common kind of electric regulators, $hch as Richardson's,
Willans’, the Porte-Manviile, and others, wonld be useless; they
would hunt or would be too slow. In thisapplication of electricity,
which depended upon the heat developed by the current, which
was proportional to the square of the current, it was obvious that
sudden variations in the speed wpuld have a detrimental eftect
upon the quality and the quantity of the work. He wished,
therefore, to difct the attention of those interested in electrio
welding to his electric governor.! It would exceed the limits of
discussion to give here a full description of his method; as,
however, many people object to the use of any complicated
apparatus in a blacksmith’s work, he might mention that his
method consisted in a special manner of applying the current in
an exceedingly simple apparatus, and that by this method variations
in speed might be prevenfed. This was impossible with all the
common kinds of regulators, because their action depended upon
the variation in speed. A good regulation in this case gave still
another more direct advantage. According to the Paper, pp. 25
and 31, the engine was running light during more than two-thirds
of ti® time to make a weld, and for pieces of more difficult form,
this ratio would, of course, be much greater. A reduction in speed
of 7 per cent. during more than two-thirds of the time that the

! Elektrotechnische Zeitachrift. Berlin, 1887, p. 171; and The Elooirician
vol. xix. p. 482,
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engine was at work, would thus give a saving in steam, fuel, wear M. Menges.
and tear, &c., which wus by no means to be meglected. For large

welders he should like to go a step further, by using for each

welder a separate steam-dynamo, g;overned&:y his method so as to

run at 10 per cent., or even more below the normal speed when

running light, and to get up to full speed immediately the current

was switched on.

Professor SiLvasus P. Trosrsoy remarked that the Author had Professor
so well and so thoroughly explained «the methods adopted by the Thompeon.
inventor for transforming electric energy, from the condition of
small current at high-pressure (or potential) down to the condition
of large current at low pressure, that no further explanation of
this problem of practical engingering was needed. He had,
however, taken the opportunity of making a number of electrical
tests upon the appuratus installed at Fanshaw Street, and upon
the currents supplied by the generating machine to the welding
machine during the operation of welding. In these tests it was
desired to measure file amount of power actually supplied electri-
cally to the welding machine. The instruments were, therefore,
inserted between the generating apparatus and the welding
machines, and did not measure any of the power wasted in the
belting, shafting, or bearings of the running plant. Neither did
they measure any of the powgr wasted by magnetic friction, nor
by the production of eddy-currents in the moving parts, nor that
part of the power which was employed in drifing the separate
exciting machine, and expended in maintaining the magnetic field
of the alternate current generator. The only power measured was
that which passed across and entered into the primary wire of the
transformer in the welding machine. Such measurements of
power supplied electrically were not always easy nor simple in the
case where alternate currents were used. For in this case power
could not be acenrately reckoned by multiplying together the two
simple factors of current and potential. The custom, so familiar
to all engineers, of calculating mechanical power by multiplying
together the two factors, force and speed, had its electrical analogue
in the two electrical fuctors of current and potentiafl (or electrio
pressure). But engineers knew also that if the force measured
were not a force exerted in the same line as the motion that was
measured, but at some angle with that motion, the proper factor
t? employ was not the whole force, but its resolved part along the
line of motion. Or, in otheP words, the product of the apparent
values required to be reduced to its true value by being multiplied
by the cosine of the angle‘ between the two fuctors. ?lmtrioally,

(THe ixer. c.k. voL. o) F
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Professor g similar distinction had to be observed between the apparent
Thompech. Golue and the true value of the product, whenever alternating
currents were employed. For, in the case of alternating currents,
the waves of positive Knd negative currfnt which resulted from
the application in the citcuit of zglternating electromotive pressures,
suffered a retardation of phase, the waves of current coming to
their maxima after the waves of electromotive force (or pressure)
had passed their respective maxima. The maximum pressure was
not acting on the circuit gt precisely the same instant as the
maximum current was flowing; hence the apparent product
obtained by multiplying together the two maximum values would
be in excess of the maximum value of the true product; and the
product of the two average vplues woyjd be in excess of the
average value of the true product. As in the mechanical problem
so in the electrical, the true value was to be obtained from the
apparent value by multiplying by the cosine of the angle between
them ; the angle in the electrical case being the angle of phase of
lag of the current; the current being assumesl; like the tides, to
rise and fall periodically in the manner known as “simple-har-
monic.” Now, in measuring the power supplied by an alternate-
current dynamo to a system of conducting wires, it was clear that
if an ampere-meter of suitable type was inserted in the main
conductor to measure the current, and if a volt-meter of proper
construction was applied across the ‘mains to measure the difference
of potential or edectric pressure between them, there would still
be required a third instrument to measure the angle of phase
between the waves of current and the waves of pressure. And, if
three such instruments were set up in the system, it would be
needful to take three simultaneous readings in order to evaluate
the power supplied at any time. But in the case of the operations
of welding, which lasted for lmt a few seconds, and in which by
the very nature of things the power was continually increasing or
" decreasing, it became impracticable to take such sets of readings.
Resort must be had to some simpler method, even though it might
not be susceptible of so great refinement. It was known that
when a tran¥former of alternate currents was used, the retardation
of phase of the currents behind the olectrombtive forces was at its
maximum when the transformer was doing no work ; and that on
the other hand the retardation became practically zero when the
work done by the transformer was at or near its maximum.
Hence, it was fair to take, as a suffiéient approximation for most
the assumption that the retardation of phase would be

small enough to be neglected, whenevbr power above a certain
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value was being supplied to the transformer. Further it was Professor
possible to construct instruments in which [he difference of phage Yhompson
between current and pressure was actually taken into account ;
such an instrument belng existent in thp watt-meter of the late
Sir William Siemens. A watfmeter, bpecially adapted to the
purpose, by having its fine-wire circuit arranged to offer a very
large resistance, in proportion to its electric inertia, was therefore
employed in the Hoxton tests. The thick wire coil was inserted
in the main circuit, and the fine wige coil, augmented by suitable
resistance coils, was inserted as a shunt across the mains. With
such an apparatus it was possible to obtain four or five readings of
power during the operation of a single weld. He was present, and
made electric tests, duging the eighty weldings conducted for the
Author of the 'aper. He would, therefore, speak first of these
welds. They were all made on 1}-inch wrought-iron; and the
power required was found to vary somewhat with the rate at which
the operation was conducted. If only moderate power was applied,
more tiine was regaired to heat up the joint, than if more power
was applied. The time during which the current was actually
on (not including the re-heating before using the swage) was noted,
and the average duration was actually only thirty-two seconds
and one-tenth for each weld. The average power supplied electric-
ally during this time (the average being taken for the whole eighty
welds) was 1317 kilo-watts) or 17-5 HP. When the operation
was conducted more rapidly the power rose. sl'he last ten welds
were made more quickly thun the average, their average duration
being twenty-eight seconds und a half, and the power applied
electrically was 1334 kilo-watts, or almost exactly 18 HP. But
in the first ten welds which were made more slowly, taking on the
average thirty-three seconds and seven-tenths, the power supplied
was 12-82 kilo-watts, or 17°1 HP. In another individual case a
single similar weld conducted in thirty seconds, required 17-01
kilo-watts, or 22:8 HP. In the re-heating of the eighty welds, the
average power expended electrically was 1519 kilo-watts, or a
little over 20 HP., for an average duration of twelve seconds and
nine-tenths. In welding $-iuch round steel bar? the average
power employed whs 11-4 kilo-watts, or 14:2 HP. for eixteen
seconds, In welding some larger wrought-iron bars of rectangular
section, about 2§ by 1}-inch in the sides, there was required an
average power of 2498 kilo-watts, or 33-4 HD. for a duration of
twenty-eight seconds and shalf. He did not thiuk that any pro-
portion could be drawn between cross section and power required

for welding, as the mair? expenditure of energy was due to the
* r2
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Professor escape of heat from the surface. More power was required to weld
Tmp”""square bars than to we&a round bars of equal section and similar
material. He had also made some tests upon the electric condue-
tivity of joints thus eleftrically welded; ®hose showed that the
conductivity of joints scarclly inferior to that of the solid
material, if at all. It was to be hoped that the Postal Telegraph
Department of the British Government would not be slow to adopt
an electric method of welding its line wires instead of using the
present comparatively clumsy g:\ode.s of jointing them. As doubts
might arise concerning the safety of such apparatus as the electric
welder, he might state that more than once dnring a welding, he
had grasped the two clamps with both hands, and conld not feel
the slightest sensation. The parts of the machine where the high-
pressure circuit came in and went ont were amply protected, so
that any part of the apparatus might he handled withont its giving
a shock. Doubtless it might be possible to apply to welding in
gome similar way the direct electric current instead of the alter-
nating one, though the direct current, whetker supplied from
dynamo machines or from accumulators would be far less convenient
to regulate and control than was the alternating current. One
phenomenon of high interest to engineers conld be shown in
perfection by means of the welding machine ; namely, the re-
calescence of steel. If a steel file was placed in the machine, and
gently heated up, a sort of dark wavé might be perceived passing
over its surface as ¢he critical temperature was reached and sur-
passed. Then if the file was taken out and allowed to cool, 8 wave
of brighter red light might le noticed to move geutly from the
ends toward the middle as the critical temperature was again
reached during cooling. Lastly, he should like to point ont the
triply automatic nature of this most ingenions process. Not only
was the heat produced just at the place where it was wanted,
because the greatest resistance to the electric How was there;
but directly any portion of the metal was heated sufficiently, it
flowed aside under the application of pressure, and fresh parts of
the joint were brought into the path of the current. As the joint
grew more perfect it necessarily conducted better, and more
currens flowed, so automatically keeping ujf the heat over the
greater area. And not only so, but this action must neccssarily
take place precisely at that temperature which was needful for
welding, simply because so soon as that temporature was reached
the softened portions moved aside, and alder portions were brought
up to be heated. It was scldom that such advantage could be
taken of the facts of nature, renderitg them simultaneously
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automatic in a single industrial process, the very simplicity of Professor
which attested its intrinsic merit as a greayfinvention. sThompson.
Mr. S. AvFred VarLEY observed that, as a pioneer in electro- Mr. Varley.
dynamics, he took con¥iderable interest ja any electrical advance.
He desired to ask whether th® Authct could state the actual
ampere current necessary to weld a given section of iron. The
conclusion at which he had arrived from a close study of electro-
dynamics now for more than thirty years, was, that what was
described us hysteresis was simply attributable to the inertia
inherent to all electrical conductors. Inertia was opposed both
to the setting up electrical motion and also to the cessation of
such electrical motion after it had been set up in a conductor,
much in the same way as matter resisted a sudden change from
a condition of rest to a state of motion, or from a state of
motion to a condition of rest; and, as active magnetismn was
developad in the conductor in proportion to the inertia, the
inertia which conductors opposed might be fairly termed magnetic
inertia. This, fex the different metals, varied very much in the
same way as their respective specific gravities varied; and the
magnetic inertia opposed by a conductor was directly as its specific
magunetic inertia multiplied by its mass. The specific magnetic
inertia of iron was many hundreds, probably many thousands, of
timey greater than that of any other conductor; that was to say,
if the specific inertia or gravity of iron were expressed in terms
of magnetic instead of terrestrial gravity, they iron would be by
far the densest of all substances, and it was not too much to say,
that were it not that iron possessed magnetic inertia in so lurge a
degree relatively to all other conducting matter, there would be
neither dynamos nor transformers. When a primary circuit
wrapped on an iron core was surrounded by a closed secondary
cireuit, as in a working transformer, much less magnetic inertia
was encountered than if there was eno secondary circuit. The
action of the secondary circuit resembled very much that of a
brattice which, by dividing an air shaft into two sections, enabled
two currents of uir to travel through the shaft freely in opposite
directions to one another at the same time. The iton bar to be
welded was interposdd in the secondary circuit of the transformer,
but outside of it; and, as there wus no separate conducting channel
surrounding the iron har, the inertia of the iron to sudden re-
versals of the direction of the electric motion tended to produce
secondary currents in thesiron bar itself; in other words, to set
up two currents in an oppusite direction to one another. What
followed wus much the 'same us that which occurred when the
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ltr. Varley. brattice of a mining shaft was suddenly destroyed; the energy
¢ transmitted through t\e medium of the transformer being unable
to develop in the iron two currents in an opposite direction to one
another, it had to ovejome the magnefic inertia of the ironm,
and consequently energy\became¥lissipated locally, by developing
heat in the iron in a much larger degree than throughout the
secondary circuit generally. Transformers were so far self-regu-
lating that they were capable of accommodating themselves in some
degree to the conditions that prev.nled and approximately the
voltage of the currents developed in the secondary circuit of the
transformer was raised as the inertia resistance of the iron bar
increased, the amperes becoming correspondingly reduced. The
practical outcome was that the heat developcd was confined 1n a
greater degree in the weld itself, which 1t was desired to heat.
He considered this a fair analysis of what occurred when a bar of
iron was heated by electric alternations, and which physicists
seemed to think sufficiently explained by coining the term
hysteresis. oo
Mr. Walker. Mr. SypxeEy F. WaLKER, upon the question of the use of the
spark, or the electric arc, in electric welding, as against the use of
a dead metallic resistance, observed that electrical enginecrs knew,
to their cost, that when a spark passed between any two points,
say when a wire was broken, a switch was making faulty contact,
or the brushes of a dynamo were badly set, the heat generuted was
far in excess of theg which would be generated when the spurk was
not present. In fact,apart from the loss of energy which sparking
at the brushes of a dynamo entailed, the great importance of
reduced sparking was to keep the machine cool, therehy increasing
its possible output, as well as its efficiency. It was also well
known that the light given out by an arc lamp was generated at
the cost of one-tenth of the energy that would be required to
produce the same amounts of light from a glow-lamp. Now,
seeing the large power required for electric welding —50 indi-
cated HP. for the experiments conducted under the super-
intendence of the Author of the Paper- - the question arose, conld
not the arc be used for welding in place of the dead metallio
. resistamce, since, if it could be used, a 5-HP. fiant could be substi-
tuted for the 50-HP. one, and be much more within the means of
manufacturers generally? And if the cost could be reduced also,
might not electric welding bo substituted for soldering and
brazing in a number of operutwnso In the construction of
dynamos, for instance, and in electric light mains, wires were
getting larger and larger, and still nd satisfactory method of
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jointing had Leen discovered equal to the old-fashioned method of Mr. Walker.
soldering or brazing ; while the great difficalty of making a good ,
soldered joint hetween large masses of 1detal was a matter of
common experience. .Apart from this, the soldered joint had a
higher resistance than the lengtle of the fwo wires or cables to be
connected, and certainly higher than a welded joint. He was
aware that the dead inetallic resistance was far more manage-
able, and therefore more convenient than the arc, just as the
glow-lamp was better than the arc light wherever it could be
used. But he suggested, in view ‘of the saving to be effected
in cost and on capital account, that since the apparatus would
always be in skilled hands, and the arc would only be required
for a few seconds at a time, the problem of using the arc for
welding was well wdtth solviiAz. Again, not more power was
required with the alternating than with the continuous current to
produce a certain heating effect; but it was a question whether
the metal to be welded was affected by the fact that the heat
appeared to go from within outwards with one form of current,
and from outside inwards with the other. If it was not affected,
then the balance of convenience would appear to be with the
alternating current. The periodicity of the alternations was,
however, an important factor in the case. In the cycle of
operations which ruled with alternating currents, the metal would
have a certain time to cool between the times when the current
wus at its greatest strength. If this time was very short, so that
practically none was allowed the metal for cocﬁing, then the time
required for heating a weld with the alternating current would be
the same for the sume current strength—the maximum current
strength, of course-—as with the continuous current. But if the
alternations were very slow, a larger current must be employed
than with tho continuous current, or the welding must take a
longer time, owing to the time allowgd the metal to cool between
the times of maximum current. However, any increase of the
number of alternativns beyond that required to prevent loss by
cooling would give rise to waste of power, as it would increase
the dead charges on the dynamo and transformer where one
was used.
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22 April, 1890.
Sir JOHN COODE, K.C.M.G., President,
in thg Chair.

The discussion upon the Paper by Sir Frederick Bramwell, on
“ The Application of Electricity to Welding, Stamping, and other
Cognate Purposes,” occupied the evening.

29 April, 1890.
Sir JOHN COODE, K.C.M.@., President,
in the Chair.

Sir Frederick Bramwell replied to the remarks upon his Paper
on “The Application of Electricity to Welding, Stamping, and
other Cognate Purposes”; ufter which the discussion upon the
Paper by Mr. John Robinson on “ The Barry Dock Works,”! &c.,
which was commenced on the st of April, was resumed and
concluded.

! Minutes of Proceedings Inst. C.E., vol. ci.
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s 6 May, 1890.

]
Sir JOHN COODE, K.(LM.G., President,
in the Chair.

The following Associate Members have been transferred to the
class of

WaLTER HENRY CoBLEY. | | "Rosert Jous CovkTENAY MOSTYX.
Winniay Gorbox Lyxent CoTTos. ¢ Promas Fravers O'MEARA.
Hexey Evus Hin, Fraxcis Orance.

HereerT DENT JUHNSTON. . JAMES OORANGE.

Roperr PaTrick TREDENNICK LoGAN, ALFRED WEEKS 82

The following ("fandidates have been admitted as

ELISEO ANZORENA. © PaTrick FLETCHER.

Warrenr Georce BArNgrr. ’ RoBERT ALEXANDER FLETCHER.
Jouy Jus Caew Bravriern, B.E. Arcrisarh HENRY

Freperic Fowann Treobore Conb, Puiies Batner®

ApkIAN CHarLES ConLiNs, A K., Puinir Grorok WILLIAM PAREMAN,
Arryrr Cnagtes DEvEY. Joux Moruis Roserrs, B.E, B.A.

P ALFRED GRENIER DrIEBERG. HerbERT AxtHUR SWAN, Jun,
 ErrLaTors, Arratr Noen THORPE.
Arrnee JouN Esrcovnr. © Ronert Warke, Jun.,, B.E.

Joun Frrcusos. HerperT Mooy WiLLyorT.

The following candidates were halloted for and duly clected as

Members,

Caanves Tuomas Evaxs. | CuarLes Epwarp Ruopes.
RoserT TroMrsox,

Arsociale Members.

Axtivk RousRr ANDERSON, q
Runkwr Cany HexsLow BARNARD. Aurren Haxreex Corris, B.AL
Jouy DRrEw.
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Associate Members—continued.

WiLLiaM BeeDIk Essos.\ . Tuomas RAYNES,
JOHN GREGSON. I Epwarp RICHARD SALWEY.
GEeorcE Moss Haruriorr, WiLiag  Marseaxn  Fraxcms
JouN BrowN HARYEY. ‘ ¢ ScuNeinrer, MLA.
CrarLes Hassagp. CutanLes MrTronn SMITH.
Jaues Isaac Hayerorr. WiLLiaM STRINGFELLOW, Stud. Inst.
Hagrry HEATLY. . CE.
HeRBERT NICHOLSON LIPSCOMB. Cuartes NeLsoN TwWEEN.
Jory Bruce Kine MAcBETH. $ Warrer Cuirropd TYNDALE.
JouN CraArksoN PHILLIPS MAYNARD.  Davip TyZack.
Stud. Inst. C.E. £ Frercener WHITE.
Cratn MoxckTON, Eowarp WHYTEHEAD.
JOHN MitTcHELL MONCRIEFY. Hesny Hepperr Wyarr, Stud. Inst
JoHN THOMAS NEWMAN. ! C.E.
TaOMAS PriTcuarn, Stud. Inst. CE. ¢ - L4

(Paper No. 2461.)
“ The Screw-Propeller.” |

By Sypyey WaLker Baesapy, M. Inst. CLK.

THe last Paper read before this Institution upon the subject of
the Screw-propeller was written by Sir Francis Knowles in 1871.}
Sir Francis came to the conclusion that * there wust e some fixed
form”’ of helix * which is better than any other,” and he sought,
by an elaborate gnathematical analysis, to discuver what that best
form was.

In striking contrast with this opinion as to the importance of
form, was the statement made by Robert Griftiths, at the close of
almost a life’'s work upon the screw, that * four strips of plate iron,
set at an angle on the shaft which would hold the engine to the
speed you required, would give you within half a knot of the best
screw ever made.” .

There seems little doubt that the truth must be svught between
these two extremes.

On the one hand, there dves not appear to be much reason to
suppose that one fixed relation of pitch to diameter is better than
any gther; and still less, that a great improvement can be effected
by adopting a particular form of blade. On the other haud, it is
certain that the flat blades referred to by Griffiths, not perhaps
quite seriously, form un exceedingly bud propeller. Careful
comparative trials, with a flat-bladed, propeller and one of ordinary

! Minutes of Proceediogs Inst. C.E., vol. xxxii. p. 210.
.
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form, showed that twice as much power was expended to obtain
a particular speed with the flat blades as f:as required by the
others (Fig. 1).!

When designing a screw from which a ,given propulsive effort
is to be obtained, the problem to e solved is not, “ What is the
best form of blade?” but, “ What is the best relation between the

Fig. 1.
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diameter, pitch, and revolutions of the screw ?” The amount of
blade-surface, although not without influence, appears to be of
secondary importance. a

' A simple forn of flat-pladed propeller can be made by setting a portion of «
diak at an angle on a shaft.  No propelling effect can be obtained if th whole
disk is retained, as the action of one half counteracts that of the other; but if »
quadrant be cut out from a particular part of the disk, the quadrant will be
found to have an incrensing pitch, varying fromn nothing on the leading edge to
uny deaired maximum on the afteg edge, depending upon the angle at which the
:{llk is inclined to the shaft. The pitch will also increase from the root towande

circumferonce.  To make a two-bladed propeller portions of two disks are
" inclined in opposite directions.
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The Author will endeavour to put before the Institution, in the
simplest and most u\sful form, the results of recent experimental
research, so far as they bear upon the solution of this problem.

Mr. B. F. Isherwoody made a valuable %series of trials of screws
in a small launch, and publisted the results in 18751 Mr. A.
Blechynden, in 1887, in a Paper on * The Reaction and Efficiency
of the Screw-propeller,”* analysed these trials and drew a number
of interesting conclusions from them; but instructive as they are,
the results have not been put into such a form as to make them
generally useful.

In the year 1883, Mr. John 1. Thornycroft devoted a great deal
of time to an experimental examination of the subject by means of
model screws.

A steam-launch was fitted with a small shaft passing through the
bow to carry the models, the shaft projecting sufliciently in front
of the launch to ensure that they should work in undisturbed water.
This shaft could move freely in its bearings to and fro, and the
inboard end was attached by means of a steelwire to a spring, so
that the thrust exerted by the propeller could be recorded.

The following measurements were made :—-

1. The thrust exerted by the model;

2. The revolutions of the model ;

3. The speed of the launch; .

4. The turning effort expended in driving the model ;
5. Equal inte®als of time.

All these measurements were electrically recorded upon a re-
volving drui.

The speed of the launch was found by passing a measured
distance on shore of 30U feet. As the experiments were made in a
tideway, two runs were necessary to determine the speed for every
observation, one up stream*and one down. The lannch, which was
driven by un independent screw, maintained a constant speed of
about 4} knots, and a number of observations were taken at different
revolutions of the model, and plotted as shown in Plate 1, Fig. 1.
Curve a is the thrust of the model; ¥ is the useful work in foot-1bs.
per méenute, being the product of the thrust into the spoed through
the water; ¢ is the work expended in foot-1bs. per minute. The
useful work, divided by the work expended, is a measure of the

} Engineering, November 5th, 1875, vol. xx.%p. 869.
* Transactions of the North-East Coust Iustitution of Engincers and Bhip-
buildems, vol. ifi. p. 179.



Procoedings.] = BARNABY ON THE SCREW-PROPELLER. 77

efficiency of the model, as shown by curve d. Jt will be seen that
the officiency is a maximum at a certain numbgr of revolutions, the
position of the maximum varying with the pitch-ratio. Each
ratio of pitch to diameter’ demands a particylar amount of slip, in
order that the propeller may give its besi effect. The highest
efficiency obtained was 70 per cent. If the slip is too small, the
efficiency, as shown by curve d, is very bad ; as the slip is increased,
the efficiency attains a maximum, and afterwards falls again.

A convenient way of utilizing "the resnlts thus obtained is to
construct a constant which will express the relation between
disk-area, power, and speed at the slip-ratio corresponding to
maximum efficiency. A second constant can be formed expressing
the relation between diap}netcr, speed, and revolutions,

These constants, the form of which was suggested by Mr. Thoms,
depend upon the following laws :(—

1. The disk-area is proportional to the HP., and inversely pro-
portional to the cube of the speed.

2. The revolutisns per minute are proportional to the speed,
and inversely proportional to the diameter.

The constants are of the following form :—

. ) Va3
C, = disk-area in square feet X HP.
. L]
Cp = revolutions per minute X i’
' »

where V= the speed of the serew through the water;
D = diameter of screw in feet ;
HI'. = effactive HP. in the screw-shaft.

By the aid of these constants it ix possible to determine approxi-
mately the best dimensions of screws to propel vessels of any griven
speed and HI'. .

By constructing constants corresponding to different amounts
of slip, a row of figures is obtained such as is shown in Table 1
(Appendix), which have been placed in their proper relative posi-
tions under a enrve of efficiency, and from those figures & is possible
to design a screw for adhy given HP. and speed, which shouldevork
at any given slip-ratio that might be selected.

The diameoter of the propeller, and the number of revolutions as
determined by the constunts for any particular vessel, will obviously
depend upon the amount of elip-ratio selected. The smaller the
slip-ratio, the larger will be the diumeter, and the slower the rate
of turning.
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The best dlmenswns can only be determined approximately for
any required powert,or speed, because, unless the model screw is
placed behind a model of the vessel it is intended to propel, the
effect of the wake upon the screw, anh of the screw upon the
resistance of the vessel, is still'a matter of uncertainty in the case
of any new and untried form of vessel. The ratio of brake HP.
to indicated HP. has also to. be taken into consideration. It is
possible to obtain, quite accurately from the model experiments,
the best proportions of screw ‘to propel what Mr. Froude has
happily called a “Phantom Ship”; that is, a ship which shall
require the same thrust to propel it at any given speed as a real
ship, but which will create no disturbance in the water, driven by
what the Author might descnbe as a ‘“ Phantom Engine”; that
is, an engine without friction.

In applying the results of model screws, tried in undisturbed
water, to the determination of the proportions of a screw to work
behind a real ship, it is necessary to make certain assumptions as
to the speed of the following current, and as-to the propulsive
coefficient.

The assumptions that have been made will be described later.

In the year 1886, Mr. R. E. Froude read a Paper on *The
Determination of the most Suitable Dimensions for Screw-Pro-
pellers,”! describing a series of experiments made with small screws
in the Admiralty tank at Torquhy. This Paper is one of the
greatest valuegand describes experiments carried out upon a
much more comprehensive scale than was possible at Chiswick,
where the trials previously referred to took place in the river,
subject to all the inconvenience of passing traflio and variable
weather. Nevertheless, the results obtained under these circum-
stances were generally corroborated, so far as they went, by the
Torquay trials. This fact ought to encourage engineers to carry
out model trials for themselves, as it shows that valuable and
trustworthy results can be obtained with moderately simple
appliances.

There was one particular in which the results at Chiswick were
not in agretment with Mr. Froude’s expericnce.

M». Thornycroft appeared to find that a’pitch-ratio of between
1-1 and 1-2 gave the highest efficiency ; while Mr. Froude found—
to his surprise—that within so large a range of pitch-ratio as from
1:2 to 2-2 there was little, if any, difference in efficiency.

It was satisfactory to leam, fromeMr. Froude’s more extended

! Transactions of the Institution of Naval Architects, 1886, vol. xxvii. p. 250.
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investigations, that the limits of good work were not so restricted
as would otherwise be the case. It is poss.ble that the results
obtained at Chiswick were affected by the manner in which the
change of pitch was obtained, that is, by twisting the blades in
the boss, hecause it was noticeable that the pitch which gave the
best efficiency was that for which the blades were cast. When a
blade is so treated the pitch is not altered uniformly: there are
only two sections of the blade which receive the same change of
pitch, and these are sitnated at the radii corresponding to a pitch
angle of 45° in the case of the original and augmented pitches
respectively. Sections between these points receive a less change
of pitch, and sections outside them a greater, in proportion to
their distance from them. The. effect produced therefore by
twisting through any given angle depends upon the pitch ratio;
if this is small the critical points are near the bhoss, and twisting
to augment pitch causes the pitch to increase throughout the
greater part of the length of blade, the maximum occurring at the
tip. If the pitch’'ritio be such that the critical points fall about
the middle of the length, twisting to fine pitch will then result in
a blade having the maximum pitch in the centre, a form adopted
by Mr. Thornycroft in his very successful type of screw.

The Author has Mr. Froude’s permission to give the results
of the Torquay experiments in an Appendix to this Paper, and he
has put them into a form which appears to him to be more compact
and easier to understand than Mr. Froude's own #rangement. It
is not so ingenious, and involves, in some cases, “ trial and error,”
which the other does not; but in the Author’s opinion it is the
best, on account of its compurative simplicity.

The form selected is that of a series of constants, such as have
been already described, and arranged as shown in Table I (Appen-
dix). These all occupy their proper relative position under the
curve of efficiency. Each of the horizoiftal lines of figures, corre-
sponding to a particular pitch-ratio, is calculated from a complete
set of curves such as that shown in Plate 1, Fig. 1.

The Table, therefore, embraces the whole of the experiments
possible with a particular type of screw, including® pitch-ratios
extending from 0°8 to 2°5, and slip-ratios from the lowest Yo the
highest which is considered practicable. It isshown in the Appendix
how to make corroctions for screws of two and of three blades, the
Table being primarily correct for four blades, and also the correc-
tions which may be considded necessary for almormnl speeds of
wake and propulsive coefficients.

Table 1I (Appendix) contains a number of dlﬂ‘erent coefficients
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by which the speed of the vessel V is to be multiplied, depending
upon the fulness of the lines of the vessel, the effect of the cor-
rection being to increase the size of scrowg for vessels of full form.

The Tables would bg used inghe following manner :—

Let it be supposed, for example, that the size of the screw is
limited by the draught of water. If the given disk-area is mul-
tiplied by the cube of the speed of vessel in knots, and divided by
the indicated HP., the constant (, is obtained. Suppose it is 360.
The nearest figure to thisein the column under the maximum
efticiency should be sought, and its position when found indicates
the pitch-ratio 16, which will be in the same line, at the left-hand
of Table. Adjoining the disk-area-constant 360, will be found the
revolutions-constant 71. This yumber, maltiplied by the speed of
the vessel in knots, and divided by the diameter of the screw in
feet, will give the number of revolutions at which a four-bladed
screw should run to obtain the maximum efticiency.

It is evidently desirable to select the constauts from the columnn
under the maximum efliciency; but in spw:fur cases, when the
revolutions are required to be either exceptionally high or excep-
tionally low, in order to suit existing engines, the same disk-area-
constant may be taken from one of the other columns, where it will
be found associated with either a lower or a higher value of (,,
according as the slip-ratio is greatey or less: and it is pussible to
see at a glance what sacrifice it is necessary to make in efliciency
in order to obtaif the reqnired result.

The same constants are presented in a graphic form in Plate 1,
Fig. 1, Appendix, in which each vertical column of T'able I is
plotted as a curve, and values of (!, and (', corresponding to
intermediate pitch-ratios may be thus obtained.

It is well known that vessels intended for towing require excep-
tionally large screws. .Smtable dimensions for such pmlmllom oan
be obtained from Table I, 1f the speed which the vessel is expected
to attain when towing its average load is used, instead of the speed
when running alone. The propeller will then work at a slip
corresponding to its best efficiency when the vessel is towing;
whereas, if designed to suit the small resisignee of the tug alone,
the sfip when towing will be excessive, und will cause a large
waste of power.

Assuming the Table to be correct, it will be obvions that if
consideration is confined to the screws alone, apart from the vessels
they are designed to propel, and tifo services these vessols are
intended to perform, within certain limits the efficiency is inde-
pendent of the absolute size of the screw. For example, take the
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case of a vessel of good form, having engines of 500 indicated HP.,
and expected to attain a speed of 10 knots.” From Table I equal
efficiency may be expectgd with a screw having a disk-area-constant
of 157, and 0°8 pitch-ratio, and yith one having a disk constant
of 381 and a pitch-ratio of 2-5. The first would be 10 feet in
diameter, and would run at 138 revolutions per minute ; the second
would be 15} feet in diameter, and would run at 334 revolutions
per minute. Each of them is gredited with an efficiency of 69
per cent.! .

But in considering the relative efficiency of large and small
screws, other things must be taken into account. In the first
place, the conditions under which the models are tried difter from
those of a screw in the wake of a vessel. A model advancing
through undisturbed water is in a strecam of uniform speed
throughont its disk-area: but a screw in the wake of a ship is in a
stream of different velocities at different levels, the forward specd
of the wuke heing very different at the surfuce from the speed at
the keel. 'The thrust of the upper Llades is always in excess of
that of the lower, tending to cause vibration and loss of eficiency.
For this reason the small screw has an advantage, since the varia-
tion in the speed of the stream in which it works is less. The
reduced chance of the smaller screw becoming emerged by the
pitching of the vessel is also in its favour, as the waste of power
when the serew breaks the surface of the water is very large.

For certain services, however, a large serew®has advantages.
When it is desired to maintain a high speed aguinst head-winds
and sca, the propeller should be so designed that the slip-ratio ix
not excessive in this condition.  The care is somewhat analogous
to that of a tug. The desired object will not be obtained by
associating increased” dinmeter with increased pitch-ratio. The
propeller of 155 feet diameter, and 2+ 5 pitch ratio, would probalily
waste as much power when working against a head-sea, as the
10-foot propellor of 08 pitch-ratio.

'T'he best proportions will be obtained by designing for a speed
less than the maximum smooth-water speed, but such as the vessel
might be expected tp muintain over an average passage. The
propeller would have a somewhat reduced efliciency wheén the
vessel was developing her full power in smooth water—would in
fact ba too largo—but would work at its maximum efficiency at

e AL ATATA L SR
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' The limits within which this has been experimentally established extend
from pitch-ratios of 1+1 to 2°2.  Therv is some doubt in the Author's mind as to
Whether such an efliciency ean bo fairly extended to so extrewe o ratio as 23, .

[t 1xst. c.k. voL. ain) ¢
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. the speed assumed @3 the average, and should effect a saving of
fuel on the voyage.

Some interesting trials were made last grear in ITolland by Mr.
Murk Lels, for the purpose of aspertaining the thrust of an actual
screw as shown by a dynamometer attached to the thrust-block.
The vessel upon which the experiment was made was 70 feet
in length, and of 69 tons displacement. The thrust-block had lugs
on each side, to which were attached a pair of Duckham’s hydro-
static weighing-machines. The thrust-block was free to move fore
and aft,and the screw-shaft wus turned by carriers upon the crank-
shaft. Some difficulty was experienced at first in getting readings,
as the unequal turning-effort caused the pointer on the gauge to
oscillate considerably ; but the défficulty was overcome by introduc-
ing a small valve between the oil-cylinder and the Bourdon gauge,
which acted as a cataract, and readings could then be easily obtained.

As dynamometric trials are very rare, the Author thinks these
experiments are of great interest, and, by the kind permission of
Mr. Lels, they are given in the Appendix, Talfle’l11, and Plate 1,
Figs. 2, 3, 4 and 5 (Appendix). The results afford a very satis-
factory confirmation of the model experiments, the revolutions
and disk-constants obtained from them being in close agrecment
throughout the range of slip-ratio experimented upon with those
given in Table I (Appendix), as groper for a four-bladed screw,
with a pitch-ratio of 122, which was the ratio of Mr. Lels’ screw.

At the maxinfum efficiency, corresponding to a speed of 10-84
knots, the results may be said to agree almost exactly with what
would have been predicted by the curves. For example, for a
diameter of 6-25 feet, pitch-ratio 1-22, 1.LHP. 230-6, and speed
10-84 knots, the curves in Fig. 1 (Appendix) would predict 175
revolutions and 69 per cent. efficiency. On the trials the revolu-
tions were 175, and the efficiency 70 per cent.

In the s.s. “ Teutonic,” built by Messrs. Harland and Wolff,
the screws have overlapping disks, one being set ¢ feet 3 inches
behind the other. The diameter of each screw is 19 fect 6 inches,
and the distance between the shafts 16 feet. The inconvenient
projection of the propeller blades has hegp a stumbling-block
to the introduction of twin-screws in the long narrow ships of the
merchant service. The success of the “Teutonic” confirms pre-
vious experience with smaller vessels, and shows that the projection
of the blades can be reduced, and the length of the exposed screw-
shafting, with the concomitant resiftance of external supports,
reduced also by overlapping the screws without appreciable loss
of efficiency.
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The screws are right- and left-handed, agd turn outwards. It
has been suggested by Mr. Normand that when screws are arranged®
in this way they shm%ld both turn in the same direction. The
overlapping blades would then cross one another, and the water
thrown up by the ascending blades of the one screw would be met
by the descending blades of the other, which should have the effect
of reducing the slip and increasing the cfficiency.

There has not, up to the present time, been much experience of
the working of triple screws. An igteresting series of comparative
trials with twin and triple screws was made by Mr. Marchal, and
described by him in a Paper read at the Institution of Naval
Architects in 1886. Ilis experience was that for vessels of suit-
able form * three screys are, frox‘n the point of view of speed, very
nearly equivalent to two screws of the same propulsive surface,
and immersed to the same depth, when the most favourable position
is chosen for each system.”!

The Author confessed some surprise that triple screws had not
been more extenswvely adopted in high-speed ships of war.

With two screw-turhines, and one common screw placed between
them, the projection of the blades of the outer screws from the
sides of the vessel would not exceed that of two screws; and,
moreover, the blades of the screw-turbines would be well protected
by their casings.

Fig. 2 shows the two scréws of the “ Blake,” replaced by the
combination suggested. The centre screw onlw would be used for
guing astern, und the port and starboard engines might be much
simplified and cheapened by suppressing the reversing gear.

Recent examples of the application of three screws were the
French armoured cruizer * Dupuy de Lodme,” not yet completed,
and some Italian torpedo cruizers, engined by Messrs. Hawthorn,
Leslie, and C'v.  Fig. 3 shows the arrangement of screws in one of
these, the “ Tripoli.” .

Griffiths designed a feathering screw intended to prevent
unequal pressures upon the blades from being produced by the
irregular speed of the wake already referred to. The blades were
free to turn on their axis, being so connected together within the
boss that they autolnatically adjusted their pitch until thespressure
on each was equal. A somewhat similar propeller has been lately
introduced by Mr. Vogt (¥ig. 4). The blades do not have their
motion limited by stops, as in Griffiths’ propeller—an arrangement
which would not stand wsar and tear—but are free to turn right

! Transactions of the Institution of Naval Architeots, vol. xxvii. p. 289.
a2
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round, and do so when, the vessel is backed. It would appear that
sthe engine would require to be exceptionally well governed, since,
if the vessel pitched sufticiently to throw the upper blade out of
the water, the lower blade would offer So resistance, and the
engine, if free, would race excessiﬁrely.

A feathering screw should have a higher cfticiency than one
with fixed blades when working in a wake, and it has also the
property of greatly increasing the turning power of a vessel. A
screw with rigid Dlades offers considerable resistance to lateral
movement. The pressure on “the blade which is moving in the
sume direction as that in which the stern of the vessel is turning
is increased, while that on the blade moving in the opposite divee-
tion is reduced. That is to say, 1f the screw is right-handed, and
the vessel is under port helm, the'stern consequently travelling to
port, the resistance of the lower blade, which will be moving
towards the port side, will be increased, and the resistance of the
upper blade, which will be moving towards the starboanl side, will
be diminished, because the one is meeting the avater, and the
other is receding from it. The change of pressure will bo propor-
tional to the square of the angular velocity of the stern. The
irregular pressure causes the vibration which is generally notice-
able wheu a screw-vessel is rapidly turning.  This resistance to
lateral motion is not without value, because if it is removed the
condition of a vessel moving in a strafght line is one of instability.
If the vessel makg the least ungle to the direction in which it is
moving, the excess of pressure, dne to umdlisturbed water at the
bow, tends to increaso the divergence, and this tendency is resisted
by the propeller. It seems probable that a vessel never maintains
a line of advance in the exact direction of its axis, but always at a
small angle with it. It might be expected, therefore, that the
effect of the feathering screw would be to greatly increuse
manwuvring power, but at the same time to render a vessel some-
what less steady on her course, and wore dependent on the helm
for maintaining it. Although a fixed screw aflords the resistance
to lateral movement just described, it will, at the same time, itself
tend to produae sideways motion of the stern, if it worksin a wake
of diffexpnt velocities at different lovels.  The'condition of stable
motion in such a case occurs, not when the vesscl is proceeding in
a straight line, but when moving round the very large circle that
it would describe under the influence of the screw with the helm
fixed awmidships. ¢

It might be thought that at the present time it would be diffienlt
to bring forward auything which might be described as a novelty
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in relation to the screw-propeller. The Author had his attention
directed last year to an invention intended to utilize a certain®
amount of energy, whlch was said to be wasted by the screw in a
manner hitherto unrefognized. It is no doubt rash to describe
anything as novel in this Instltutwn, and the Author is in nowise
interested in claiming the priority of the idea for Messrs. Desgoffe
and de (icorges; but he is not aware of any attempt having before
been ade to use this particular source of power.

The inventors say that the viscosity of the water in which any
helical propeller revolves causes an apprecmblo current to be set
in rotation just beyond the tips of the screw-blades. It is con-
tended that a series of helical surfaces, opposed in direction to
those in the serew proper, w ill recewc a thrust from the revolving
ring ot water, which can be utilized for propulsion.  The ‘ Anti-
spire,” as it is called, cun be placed around a propeller of any
form. It is shown in Fig. 5.

Although the experiments which the Author witnessed at the
Brussels Exhibsion last year were much reduced in value by
the fact that the apparatus was in a tank, and was not in motion
through the water, and that therefore the friction of the outer
surfuce of the ring was not deducted from the observed thrust,
still, the experiment showed such a large increase of thrust due to
the ring, that it would possibly more than counterbalance the
friction upon its surface, and®exert a real propulsive force. It is
reasonable to suppose that there is such an unutdlized reservoir of
work in revolving currents external to the propeller disk.

Rings or bands, without helical blades, have been used for
protecting serews and for giving increased manwuvring power, It
these plain rings do not increase the efliciency of the screw, and
the addition of the blades would certainly be found advantageous
in such cases, and may be worthy of a still wider application.

Two valuable additions to the knowledge of the action of the
scrow were made, in the Author’s opinion, by Mr. R. E. Froude
and Ly Mr. Thornycroft, last year, on the occasion of the Paper
read by the funnor gentleman, * On the Part Played in Propul-
sion by Differences of Flnid Pressure.” ! .

Mr. Froude subfitutes for a screw-propeller an instrument
which ke calls an *¢ actuator,” and which may be described as *an
advancing surface of instantaneous change of pressure.”

He conceives u thin vertical plate of finite area, deeply immersed
in water, and acted upon Ly a finite normal force. After the plate

' Traosactions of the Institution of Naval Architects, 1839, vol. xxx. p. 890.
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has operated with thyt force for only an infinitesimal instant, and
therefore before it has acquired any finite speed, it is abolished,
and its place taken by a similur plate similarly actuated, inserted
at an infinitesimal distance in front of it, his one in turn giving
place to another, and so on.

Mr. Froude shows that with such an instrument, when the whole
acceleration is external to it, one half must take place in front and
one half behind, and that the mean speed of the stream in which

the propeller works is V + ‘§): where V is the velocity of feed and

-

S the acceleration. It is important that the full meaning of this

proposition should be grasped. Rankine has clearly laid down

that the efficiency of a propeller which imparted velocity to the
’ .

water suddenly was VI and he has instanced the common
-+

uniform-pitch screw as an example of a propeller which acts in

this manner. He then proceeds to show that if the propelling

instrument commences to act upon the water,at the velocity of

feed V, and gradually accelerates it up to the speed of discharge

V + S, then the loss of work is the least possible, und the efliciency

He gives, as an example of a propeller which partially

is
v+ g
complies with this condition, the gaining-pitch screw. Mr.
Froude’s propositgon is, that there can be no such thing as sudden-
ness of change from veloeity of feed to velocity of discharge in the
case of a submerged propeller ; that, no matter for how short a time
the propelling surface acts upon the water, the acceleration must
be gradual, and that half of it would tuke place beforo the blade,
towards which the water would run in obeldience to a defect of
pressure in front, and half would take place behind, in obedience
to an excess of pressure produced there by the blade, the final
velocity being greater than that of the propeller. If a screw can
be expected to behave in the same manner as the “actuator,” then
it means that a uniform-pitch screw will have the same qualities
as an ideal gaining-pitch screw, and if this be true the object of
the screw-turbine seems to disappeur. ¢

This induced Mr. Thornycroft to make a carcful study of Mr.
Froude’s reasoning, and it appears to bo perfect for a propeller
which does not produce rotation of the race. Mr. Froude stated
he had not examined in what way the grotation of the race would
affect the relation between the precedent and subsoquent accelers-
tion, but he did not anticipate that it would do so at all.
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Upon this point Mr. Thornycroft joined issue, and showed that
the effect of the rotation must be to prodice a change in this
relation proportionate to the amount of the rotation, and that
only in the limiting cise, namely, when no rotation was given to
the race, could the acceleration bs equally divided before and abaft
the propeller, and that all existing open propellers occupied some
intermediate position; that is, they worked in a stream whose

velocity varied between V 4 S and V 4 - S dependmg upon the

greater or less rotation produced. What is chlmed for the screw-
turbine is that it is in the same condition as an open propeller,
which, like Mr. Froude’s “actuator,” imparts no rotation. This
appears the more reasonable, when it is remembered that the
absence of rotary motisn in the race is the peculiarity of the screw-
turbine, and affords primd facie grounds for supposing that it
would compare with an open propeller which should have the
same propert)

Sir Francis Knowles said, in his Paper of 1871,! that negative
slip was an 1m[msq1b:ht\ unless the screw was assisted by sails,
and that when it was recorded to have occurred in screws not so
assisted, it was the result of incorrect observation. Mr. Gishert
Kapp bas said : ** A strong draught of dead-water cannot negative
the apparent slip; . . . even in the most favourable case, viz.,
when all the water moved Ljv the ship is afterwards consumed by
the screw, only a state of equilibrium, but no surplus of thrust to
keep the vessel in motion, can be expected.’™ *I'he Author agrees
with Mr. Kapp except as regards apparent negative slip, which he
thinks Mr. Kapp confuses with real negative slip.

The late Mr. W. Froude, in the discussion upon Sir Francis
Knowles' Paper, showed that apparent negative slip is possille,
and may be expected in certain circumstances. He describes an
ideal case in which the whole of the resistance of a vessel consists
in skin-friction, wave-making and other factors being excluded.
The dynamic equivalent of the propmlsive force employed in
keeping ber in motion is found in the frictional wake, and a
propeller which should pervadingly opernte upon the wake in such
a manuner us to bring it gradually to rest would, in thus neutralising
it, maintain the propulsive force, and, given established Tuotion, a
theoretically porfect propeller, quite clear of the ship's stern, would
maintain that motion, and exhibit an apparent negative slip equal

! Minutes of Prwmdmgu Inst. C.E,, vol. xxxii. p. 219.
t Ibid. Vol xli. p. 832
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to half the forward mean velocity of the wake at the point where

Jthe propeller operated! Mr. Froude's explanation, however, of the
phenomenon of negative slip was intended to apply ouly to a pro-
peller of increasing pitch, and depended #pon the fact that the
speed of advance of such a screw & assumed to be equal to the mean
of the pitches of the forward and after edges, and negative slip
would disappear if the speed of advance of an increasing pitch
propeller, whose after edge had a pitch equal to the speed of dis-
charge V 4 8, were caleulated from this pitch instead of from the
mean. *

Moreover, it did not explain how negative slip could be obtained
with a screw of uniform pitch. But there are authentic cases with
such propellers, as in TLM.S. « Edinburgh ” and ¢ Collingwood.”
The screws of the “ Collingwood,’Vwith a pfteh-ratio of 15, gave
1:26 per cent. negative slip, and this was increased to 256 per
cent. when the pitch-ratio was reduced to 1.}

It was not until Mr. R. E. Froude read his Paper last year,
already referred to, that the Author was able to hrql a satisfactory
explanation of this phenomenon. The demonstration then given
that, under certain conditions, one half the acceleration will be
produced behind and one balf before a propeller, seems to him to
supply what was wanting for the construction of a complete theory
of negative slip. Although it has been shown to be true ounly in
the limiting case, still a uniform pitah screw of very small pitch-
ratio, which would canse but a small amount of rotary motion,
would approach very near to this condition, and might impart a
sternward velocity to the race sufficiently greater than the product
of its pitch into the number of revolutions, to produee appurent
negative slip.

The Paper is aceompanied by several dingrams, from which
Plate 1, aud the woodent, Fig. 1, page 75, have been prepared.

! Minutes of Procecdings Inst. C.E., vol. xei. p. 3835.

{Arresmix.
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APPENDIX.

Exawries Iy tae vse ’or Tanres T axp IL
Erample (1)—Find the dinmeter and revolutions of a serew to work at
maximum cflicieney for u vessel of 20 knots speed and 6,000 LHP.  Pitch-ratio
to be 1-2.

The disk-area-constunt (') in the Table for this piteh ratio is  288.

The revolutions  ,, (¢ * ,, . " ” 92,
. LHP. . 6,000
sk-nrea = C =288 x -, =2 > fe
Disk-nrea = Cy % (el i knots)? 288 x 903 16 square fect.
S Dinmeter = 1605 feet.
e Tant o g specd in knots 20 _
Revolutions = Cy x diameter in fyet = WX = 111.

Erample (2).—Find the piteh and revolations of a serew to work at maximum
officieney for o vessel of 20 kuots spreed and 6,000 LHP.,  Diameter not to
exceed 16°5 feet.

Disk-aren = 189 squarc feet,
2R
o= IRG = 252,
A= IRO X 6,000
Nearest disk-nrea-constant in Table under maximum efficiency is  251.
Piteh ratio 1-0. S Piteh = 1505 feet,
12l

20
Revolutions, 100 x Bn s 141,
W)t
Erample (3)~TFind the pitch-mtbr and efliciency of a screw for a vessel of
20 kuots speed and 6,000 LHE,  The dismeier to be lf»'ﬁ{eﬂ, and the revolu-
tions about S0 per minute,

Disk-area = 189 square feet,
Ca= 180 x 20 = 252
S IR oo T

e
-L, o F i
20

The nesrest constants in Table are st pitch-ratio 2+ 2, and eflicicney 68 per cent.

Where the dinmeter and revolutions are boss limited, the curves on Plate 1,
Fig. 1, Appendix, will probably be found more convenient, ns intermediate
pitch-mtios can be selected.

The constants in the Table arsume centain standard values for the speed of
the wake and for the propulsive cocfticient.  The former has been taken as
10 per cent. of the speed of the vessel.  In a very full ship it might be as much
48 30 per cent. 4 -

Therefore V the speed of the ship should be reduced, when using the con-
stants, by 20 per cent. for a very full ship, and by amounts varying from 20 per
cent. to nothing, as the fulness of form varies from * very full” down to what
may be considered a “ fairly fiue ™ vessel, when no correction need be made.

Plate 1, Table 11, gives the valgie of the wake correction for s fow vessels,

Up= 80 x

Example (4).—~Find the diamcter and pitch of a screw to work. at maximum
fMciency for w vessel of 20 knots speed aud 6,000 LHP.  Revolutions to bo 85.
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Wake correction to be myde for a form of the fulness of H.M.8. “Devastation,”
corresponding to a wake percentage of 15:8. The multiplier from Table II is

0-942; 20 x 0-942 = 188 knots.
By trial and error it will be readily found thafgthe constants 306 and 85 for

disk-area and revolutions r(-spectiwly‘nt 13 pitch-mtio, will give the required
number of revolutions, thus :—

6.000
3N . == Q7 feet: o D = 18:73 foet ;
306 x 055 76 squarc feet; i
. 188 . .
and 85 X = .. = 83 revolutions nearly.
1875 .

A correction can be made for any deviation from the assumed value of the

1s1 fcient, which has 1 tak t 05« E.HP. _ 50
propulsive coetiicient, whiell hag been ta ©na O, Or LIIP. = 1%

If, for example, the E.HP. is estimated at 53 per cont. of the LHP,, the LHT'.
must be multiplied by the ratio ',:;, bug Mr. Froudgeonsiders that in practice it

would be seldom necessary to introduce the correetion fur deviation from this

value.
The constants are primarily correct for four-Lladed screws.  They ean be nsed

for three-bladed or two-bladed screws by multiplying the LHP. by o
'} .

respectively.

Ezample (5).—Find the dinmeter, piteh, and revolutions of & three-bladed serew
to work at maximum eflicicney for a vesscl of 20 knots speed and 6,000 LHD.
Pitch ratio to be 12

Ca= 288 Cp = 92. 6,000 LHP. x ° = 6,040.

T
0:86%  0'6d

UER DN
288 x 6,2?;0 = 230 suare feet. 2D =178 feet,
9 @ .
92 x 17(:"3 = 103 revolutions,

Pitch 17°8 x 1°2 = 21-3 feet.
The model serews were of uniforma piteh, and the Lludes were elliptieal.  The
width in the middle of developed hlade was 0+ 4 l,: .
It follows that the developed surface— )

For a f(mr—blf.sdcd serew = Jdisk-nren x 04
» ulﬂ:ﬁ " = ” x “'3
" two I = " x 02

TriALS OF 8.8. “ VLAARDINGEN.” By Mr. Mcuk Levs.

Tablg IIT gives the results of o series of dynamgmeter triale with i
bi:hind a vessel, exactly analogous with those deseribed in the text as having
been made with models at Chiswick.  The same measuremoents were tuken,
and Plate 1, Fig. 2, Appendix, shows the results plotted in a similar manner to
those of the models in Plate 1, Fig. 1, Appendix.  In Plate 1, Fig. 3, Appendix,
are given curves of revolutions, LHP, and alip. Mr. Lcls has caleulated the
thrust from Rankine’s formula (Rules and Tables, p. 275), and compares it with
the observed thrust in Plate 1, Fig. 4, Appendix. Plate 1, Fig. 5, Appendix,
represents the screw of the “Visardingen.”
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TasLE I, APPENDIX.
CURVE or EFFiICIENCY
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Reale of Abscissa value.

D = ... LHP. s Speed in knots
kares = 0, x (Speed in Knotsy" Revolutions = Cx X 1.0 chor o foet:
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Discuss'sn.

Mr. R. Evuexn Frovpe said that the subject treated in the Mr. Froude
Paper wus a very intricate one, and the Author had given a com-
prehensive und complete review of it in a succinct, intelligille,
and serviceable form. In his historiqal review he had confined
himself mainly to references to those contributions to a know-
ledge of the subject which took the form of experimental data.
Mr. Fronde wished to refer to some other contributions of a
more theoretical nature,, but which were important as having
assisted in the formation of what might be called the grammar of
the subject, Iy weans of which the experimental data had heen
systewatized and rendered fruitful.  The first contrilution of that
kind to which he would refer wus a Paper by his father read at the
Institution of Navdl e\rchitects in 1878, In that Paper?® the screw-
propeller wax represented by the ideal couception of a small
element of helical surface rotating at the end of a non-resisting
radial arm. By means of that conception his father deduced by
theory for tho screw-propeller, curves of thrust, HE., and eficiency,
precisely similar to those which had been yielded by experiment as
described by the Author and illustrated in Plate 1, Fig. 1. The next
Paper to which he would allude was one contributed by himself to
the Iustitution of Naval Architects, on a method of experimental
investigution of the effect npon the operation of the serew of the
preseuce in front of it of the hull of a ship or of a model2 The
results were of jwportance in refercuce to the present Paper,
because only by means of the results yielled by that method of
experiment could the gata be applied which were given in the
Tables, obtained from experiments on A screw working in un-
disturbed water, to the condition of a screw working behind the
hull of a ship. The Paper was read in 18835 but the experiments
with which it dealt had been continuing at the Admiralty Works for
a long timo provious. Thesystem of experiments had heeu described
substantiully in all completeness by hix father in the disemssion
on o Paper by Mr. Holt, read in 1877, on the Progress of Steam-
shippingd  In his Paper of 1883, before the Institution of

! Pransactions of the Institulion of Naval Architeets, vol. xix. p- 47.
¥ Miid., vol. xxiv. p. 281
! Minutes of Proceediogs Inst, C.E, vol. 1i. p. 38,
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Mr. Froude. Naval Architects, ho represented the method of investigation

mainly as a comparison between two contrasted conditions of
experiment. In one of those conditions the screw was working
in undisturbed water, and the speed 4 advance, the speed of
rotation, the revolutions per 'uinute, the thrust yielded, and the
force of rotation—in other words, the HP.—were all measured by
dynamometric apparatus. In fact, that condition of experiment
precisely corresponded to the condition of experiment from which
the data given in the Tables wert obtained. In the other condition
of experiment, the only difference consisted in this, that the screw,
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instead of working in undisturbed water, was working behind the
hull of the model, placed just as would be the screw of a ship;
and the effect of the presence of the model in front of the screw
was ¢f course to produce important differen®es in the condition of
its working. He only wished to refer to two of those diffcrences.
One of them was that in order that the screw working behind the
model should give the same thrust with the same number of
revolutions as it gave in undisturbgd water, the whole system—
model, screw, and all—must be advancing at a speed greater than
the speed in undisturbed water, by the mean amount of the forward
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motion of the water behind the hull of the madel where the screw Mr. Frouds.
was working. That difference in speed was what was commonly
called the wake, and it was to correct for variations in this value
that Table II, in the Appendxx, had been devised. The other dif-
ference consisted in this, that the forward current in which the
scrow worked was not a uniform forward current; consequently,
although the true slip of u screw when working behind the
model and giving the same thrust with the same revolutions as in
undisturbed water—although this mean true slip was the same as
in undisturbed water, the true slip was different in different parts
of the screw’s disk, as the Author had mentioned. That was a
condition which at first sight appeared unfavourable to efficiency ;
therefore it would be exnected that when the screw was delivering
the same thrust with the same revolutions, the force required
to wmaintain the rotation of the screw would be greater behind
the wodel than in undisturbed water. But the experiments did
not bear this out. No clear difference could be detected between
the turning momeat required to maintain the rotation of the
screw behind the model and that in undisturbed water. There-
fore he thought it might be laid down almost certainly, that
when s ship was being propelled by a screw, and the screw
was delivering a certain thrust with a certain number of revolu-
tions, the same screw would in undisturbed water give the same
thrust with the same numMr of revolutions with practically
the same indicated HIP. And that was a reswlt which was of
importance in reference to the remarks of the Author, page 78,
and further ou in the Paper, on the loss of efficiency which might
be expected in a screw-propeller, from the fact that the speed of
the wake in which it worked was not uniform, and on the expedients
devised in the form of feathering blades, and so on, for diminishing
that supposed loss of efficiency. The Author had referrad to the
experiments made by Mr. Thornycroft in 1883, and also to the
experiments which had been made in the Admiralty Works at
Torquay, and described by Mr. Froude in a Paper read before the
Institution of Naval Architects in 1886. The experiments at
Torquay were, as the Author had said, conductedes under more
favourable condition$, in virtue of being made in a coverc® water-
way, and so forth, and the results there obtained had been utilized
by the Author in Table 1. In fact, his constants C, and C, were
the one the ordinate, and the other the reciprocal of the ordinate
of the curves of Fig. 4 im Mr. Froude's Paper.! In reference to

! Transactions of the Institution of Naval Architects, vol. xxvii. plate xxviii.
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Mr. Froude. the form in which the Author had presented those results for use,

his feeling was that he was indebted to any one who would do as
the Author had done, and not only make use of the results, but
also find new and convenient forms into which they might be
thrown for purposes of use. \nd those persons were the most
competent to give an opinion upon the form most convenient for
use, who were professionally emploved in determining the dimen-
sions of propellers suitable for various conditions.  The form into
which the results were thrown in’ the Paper of 1886 was the form
used at that time in the Adwmiralty Experiment Works, and it was
one which then appeared to be most convenient for the purposes;
but he admitted that he agreed somewhat with the Author, that it
was rather too—what he hal onplu-nmtu‘dl\ called “ingenious,’
but what others might have eallal = too clever by half.”  That
form was afterwards practically discarded in favour of another,
which bore more resemblance to the Author’s furm. It consisted
of two cunstants, Oy and O, as followed o

Tens of revolutions per minute x (LHP

?

Oy = , . .
. (Speed in tens of knots
Diameter X cspeed i tens of knots)’

Ov = (LHD. )t

It would be scen that, in terms of the Author's constants (', and
(', these becamos
0, = >(’n % \/ o) = = 9y (/r. )
A (‘"A ‘}‘ A ("‘A,
4 Ao,
1,000 == 287

Op = (', x \,/

These constants, O, and Oy were plotted in curves of the kind shown
by Fig. 2, of which either the right-hand or left-hand half might
be used according to convenience. The correct ordinates for the
curves were given in the Table, page 97.

This Tablp was correct for four-lladed screws and standard
“ wake, For other numbers of blades, tha!ntcmlcd LHP. must

be multiplied by 5 for three-bladed, and by ( for two-bladed

screws. For othcr “wake " values, in the expremmns for Oy and O,
M V must be substituted for V, where 31 was the multiplier shown
in the Author’s Table II, in the Appendix. Of coursy the form
into which results of that kind should be thrown for practical pur-
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Ur. Froude. poses depended verv much upon the shape which the problem took.
The shape in which it generally presented itself at the Admiralty
Experiment Works was this :—A new ship having been designed,
the intended speed being fixed upon, and the HI. corresponding to
that speed having been determined by experiment, the revolutions
were next decided by the engineers, so that the proposed HP.
might be most advantageously developed by the type of engine
intended to be employed. Consequently there were the speed, the
HP., and the revelntions, as fix&l quantities from which to work.
He wished now to refer fo his Papor read at the Institution of
Naval Architects last year. The distinction which the Author

1

referred to between V 4+ S and V + 3 - belonged to a very old

controversy. He believed that it was In a communication on the
jet propeller to the Institution in 1854, that the late Mr. uravatt
first pointed out that the theoretical waste of power of & propeller
in slip consisted of the thrust exerted, multiplied, not by the speed
imparted to the water, but by half that speed.'s That proposition
depended upon this condition, that if friction was neglected, that
was, assuming the whole of the waste work of the propeller to be
represented by the motion of the water left behind the propeller,
then the water left behind (commonly deseribed as the serew-race)
must show two things—it must show a sternwanl momentum
corresponding to the forward force of the thrust: it must also
show an energy corresponding to the waste of power; and those
two accounts of momentum and of energy could only be made to
conform, by the condition that the waste power in slip was to be
represented by the forward force multiplied by half the speed
imparted. It could only be supposed that the waste power was
greater than that, by assnming that some of the motion left hehind
in the water was other than in the opposite direction to the force
exerted. The same proposition, mutatis mutandis, applied in the
case of a propeller acting spirally like u serew-propeller to the
rotary forces and rotary motions. The effect of that proposition,
as applied to a screw-propeller of uniform pitch, was practically
this: that,it must be supposed that the propeller was dismissing
the weter with a speed greater than tho #eed which itself had.
That at first sight appeared a paradox; and (as the Author had
said) in the Paper which Mr. Froude read at the Institution of
Naval Architects in 1889, he suggosted a way in which that might

;.:lﬁi;utes of Procoedings Lust. C.E., vol. xiii. pp. 870-882; and Tracts, 8vo.
v0
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occur. The conception which he presented was that the axial Mr. Froude.
acceleration to which the thrust was due might be supposed to
take place, not in the motent of passing through the screw, but
partly before and partly after it® The water passed simply

through the screw at a speed of V 4 g, and it received from the

screw not an increase of speed, but an increase of pressure. That

increase might he conceived as consisting of two parts: one part
. . . . .

replacing the pressure which had been lost in acquiring the

A}

v N .
increace of speed from V to V + -, the other adding the further

. . S
pressure necessary to give the incaease of speed from V 4 5 to

V 4+ 8. Mr. Thornveroft took exception to that theory of his:
not, as he understood, to the conception of the whole acceleration
taking place without the screw (he appeared to approve of that
conception), Imt he ghjected that the rotation of the screw race
required a certain reduction of pressure within the race, and con-
sequent increase of axial speed, which raised the speed above the

4

critieal speed V 4+ . He could not entirely follow that reasoning ;

he did not at present see the solntion of it ; but it did not appear
to him that Mr. Thornyeroft hia? quite made out his case, because,
according to Mr, Fronde's solution, the energy ®asted in slip
should be represented by two terms: one, the rotary force into
half the rotary speed commnnicated: the other, the axial force or
thrust into half the axial speed commmuicated—that was, the
energy represented by the speed which was supposed to be com-
wunicated to the race; and unless Mr. Thornyeroft could show
that the race had some other speed than that, speeds in other
directions than opposite to the forces exerted, he did not see how
he could show that the waste of jower was greater than Mr.
Froude had suggested.

Mr. WiLLiax Jons said that the subject was one in which he Mr. John.
had taken great interest. Reference had been made to negative
slip; and Mr. Froude 1N referred to n Paper by his fath®=read
In 1878 at the Institution of Naval Architects. Mr. John's
earliest serious thought about negative slip dated back to a
period much anterior than that. In a Paper read at the
Institution of Naval Archetects in 1867, Mr. W. Froude
atterapted to account for negative slip by the dead-water abaft
the stern-post of full-formed ships, and by & sort of intermittent
action by which the blades passing through the dead-water pro-

a2
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Mr. John, duced more effect ih stopping the wake than was usually attributed

to a propeller working in a complete wake ; and he believed Mr.
Froude drew a parallel between that amd the intermittent action
of & man rowing. In the smume year or the following one he
believed Dr. Rankine read a Paper in which he accounted for
negative slip by the motion of the particles in the wave which
followed and enveloped the stern of a ship; and Mr. John
thought that that, combined with the difference in the velocity of
the flow of water at the surface and farther down, as described hy
Professer Reynolds, accounted for negative slip perfectly. The
forward motion of the particles, where the crest happened to come
over the propeller, was checked by the propeller, which threw the
wave-motion, as it were, out o equilibriumn, and allowed the water
flowing backwards in the hollow to pursue its course, instead of
having to conform to the rotary motion. That, to his mind,
accounted for the negative slip quite as well as what Mr. Froude
and the Author had referred to as the action before the propeller,
as well as behind the propeller. The AutHor had spoken of one
of the tables of efliciency giving 2+5 pitch and 0-8 pitch. He did
not see how that could be, and perhaps the Author wonld acconnt
for it. He approved of what he had sail with regard to the
larger propeller of tug-boats. It quite agreed with his experience
that a larger disk area was requiged ; but not a larger pitch-ratio
—Trather the contrary. For the same reason, he thought, a vessel
with twin screws required a comparatively smaller disk area, and
a larger pitch-ratio. It was something in this way: if a vessel
under sail was capable of steaming, and sailing before the wind
5 or 6 knots an hour, and it had a propeller revolving at that
speed, it was practically creating no thrust, and doing little or no
good. A coarser pitch was wanted for a vessel assisted by sails,
with a single screw, than was needed for a vessel not assisted by
sails, and entirely dependent upon the single screw; and he be-
lieved the self-same thing took place with two screws, bocause it
mattered very littlo to the one screw whethier the ship was being
pushed along 5 or 6 knots by sails, or whetlier it was by a screw
on t}Le',otber side. Experience with twiy screws was not very
large, but it was rupidly increasing, and he believed it was in that
direction that both the mercantile marine and the Royal Navy
might turn their attention. He hoped that gentlemen like the
Author and Mr. Froude would pursue the theory and science of
the screw-propeller, and show still®more definitely the direction
in which to get better eficicncy out of twin screws, and also out
of single screws.
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Mr. C. Humpurey WINGFIELD observed thay Mr. Froude had Mr. Wingfield

pointed out that the problem, as usually presented to the
Admiralty officials, was tq determine the best diameter and pitch
when the revolutions, as well as the HP. and speed, were already
decided upon. The constants given by the Author, valuable as
they were, only admitted of the solution of this problem by trial
and error, as shown in the example given in the Appendix, p. 90.
There was a definito relation between the two constants C, and C,
in the Author’s Tuble which was *

(‘352 _ LHP. x revo]utipns"
¢ 0-7854 V&
He would suggest the addition of a third column in Table I.
° ] CB'I
G-
having been calculated, the nearest

(between those giving (' and C,)showing the value of 0-7854

LHP. x revs.?

v
number to this resulf, in the new column he had suggested, would
be found to be between the constants for diameter and revolutions
suitable for the prescribed conditions. The actual speed would
have to be multiplied by the factor for wake correction before
being raised to the fifth power. If the wake was assumed to have
a speed = 10 per cent. that of the vessel, no correction would be
roquired, He thought it always preferable, in plotting results of
experiments, to so arrange them, if possible, that ¢he results fell
in straight lines rather than curved ones. In drawing a straight
line through a number of poiuts, its proper direction could always
be determined with greater accuracy than if it were curved. The
values of ('; were plotted ns curved lines in Table I. Appendix;
but he had found that, by taking the reciprocals of the pitch-ratios
for the base line, the curves became straight lines. The values of
Cy fitted so well on these lines that they gave him great confidence
in the accuracy of the Author's figures. He ought perhaps to say
that the values given for pitch-ratio 08 did not quite fall in, and
he thought that they might perhaps require revision. He had
constructed the following formulas from the data giyen in the
Paper, which might®be found useful for interpolatingsor for
extending the Tuble, if it should be thought advisable :—

Cy = a(R+0:39)
Cy=0 (il{-}- ()'35) - 28,
Where R = pitch-ratio and a and b were empirical constants.

The value of



[Minutes of

ig. 3.

USSION ON THE SCREW-PROPELLER,

v

D

102

Mr. Wingfield.
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Mr. Wingfield.

e e e e ey

29 - - . e - ..~ o
600
28 - - — e e g e Attt = e ot S % St = v < =
- 4
i k\‘vl!.l.!ﬂ
3 — - ————— e e ——— e o e e e st e L gt ,.
- L] H
L4
(13 - e e e+ + e S C e e e mn i m e e oA e .a.v!..vg. ?
2 e .
- 24 ——- - C e s s e e e - o -
23 — o e e e me emin e me o = emm e maa e mmemre n C e o .-
- - P . v ndl
22 P ———— - - e e et s e e see e o e e e ————.
- . - -.Hv 00
W 21 < e - .- et e e &+ s e e e - —
i oo— S e - U —
. - B o o e e e s et et e o e - R
lu I8 L o s e e e e e e S i § o<
2 - e e e - - e - e e e e ¢ e+ e e amn e o < e d
Ry 8 e e e e e e+ e+ i o 2
— o PSR - B e e . e + ®
[ 4 e s e ot e <1 e ot i B e e o e i e & - i 24, 0
—_— — . e e e e .- X e meaa A . -
., B e s m e e e e - s et s s s s o2 = e .Y;CI.H.M
WO LT T Tl T e T LoU L T - - R . TCLoLNIIT T TULL TGOS
B I T T TTIITIT LTI Tl e e T 0T TSE S e e e S T LT T LTI T g AT LTI

-
e : 2 2

ST I SRS S i

—

F 3 i 3

Errec:ency o
PER CanT

25

LIRK-AVARTL] Y

LM T VR RT'TY



104 DISCYSSION ON THE SCREW-PROPELLER.  [Minutes of

Mr. Wingfield. The following Tabk gave values for these constants which would
‘ be found to furnish results agreeing closely with those in the

Paper :— s
" (]
Efficiency. i a. b. q}.‘m“l‘.”
63 ' 393-0 955 5
6L owss w4 T
69 . 18150 1015 9
G, 1320 106-0 11
68 967 1120 13
o6 723 1174 15
68 330 8 1242 17

He had designed a diagram by the aid of which any one of the
quantities, HP., diameter, revolutions, speed, pitch-ratio, and
efficiency, could be read off without calculation. Witk the help of
the slide-rule he would prefer to use the Author’s Table ; without it
he thought his own diagrams (Figs. 3 and 4) might have some ad-
vantages. The first dealt with problems where the diameter was
involved ; the second with those into which the revolutions entered
asa factor. The upper part of each diagram was crossed by horizontal
lines, each marked with the speed in knots which it represented.
Below these wer scales of HI., and helow these aguin were scales
of pitch-ratio and efliciency. A thread or hair was attached to
one end of each H'. scale at the points marked by thick circles.
Taking the Author’s first example as an illustration, the following
would be the mode of procedure: Required to find the diameter
and revolutions of a screw for a vessel of 20 knots speed and 6,000
LHP., pitch-ratio to be 1-2 and efficiency 69 per cent.: find the
intersection of the 69 per cent. eficiency line with the line of
pitch-ratio 1-2; draw (or imagine) a vertical line from this point
to cut the line corresponding to the given speed of 20 knots, and
stretch the thread so as to pass through this point on the 20 knot
line, as shogvn by the chain-dotted lines; ordinates to the I.HP.
scale, eretted at any LIP., would be cut by Phe threads at heights
corresponding in Fig. 1 to diameters, in Fig. 2 to rovolutions of
the propeller of the pitch-ratio 1-2 and officiency 69 per cent., for
which the threads were set :—thus, measuring up from 6,000 LHP.
to the threads, the height in Fig. 3 guve a dismeter of 16} feet,
and in Fig. 4 of 111 revolutions, as in the Appendix. Supposing
the same efficiency, revolutions, L.HP., and speed had been given,
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but the pitch-ratio and diameter were unknobn. The thread in Mr. Wingield
Fig. 3 would be set so that a vertical line at 6,000 LHD. was cut
by it at a height corresponding to 111 (the given number of
revolutions). From the point of intersection of the thread with
the 20-kuot line a perpendicular would be dropped cutting the
69 per cent. efticiency line at a point, the level of which, being
found to correspond with 1+2 on the lower scale, gave that value
for the pitch-ratio. The LHP, speed, ecfficiency, and pitch-
ratio being now known, Fig. 3 could he used as before to find the
diameter. To solve such an example as No. 3, p. 86, trial and
error must be resorted to, and for this the Author's Table was
preferable, even when the diagram was of large size. The threads
would be each fixed to enit the cese, and vertical lines dropped
from their intersections with the lines of speed (in this case 20
knots) would be examined until two lines of efficiency and pitch-
ratio, having the same value in cach diagram, were found to
intersect them.  In example 3, this would be found to occur with
2-2 pitch-ratio and 68 per cent. efficiency. The diagram was
drawn to too small a scale for very accurate measurements, but he
hoped that the form into which he had put it might throw further
light upon the problems involved. It would have been easy to
give scales for LHP. for two- and three-bladed propellers below
the one on the diagram, which was calculated for four blades, but
as the scale would have had to be still further reduced to get the
diagram within the limits of space assigned, he had thought it
better to omit them, so that allowance must be made as described
on p. 87. The same corrections must also be made before using
tho diagrams as before using the Author's Table. It was interesting
to observe that the lines of efficiency appeared to converge to a
point in each Fig. This scemed to indicate that a simple formula
could be constructed to express their co-relation completely, and
he regretted he coull not spare the time to pursue the subject
further.

Mr. J. I. Tuonsverorr observed that in considering the action Mr. Thoray-
of u screw-propeller, it uppeared evident that near the boss it croft
was not desirable to (o much work, because the printigal effect
was to cause rotation ; whereas near tho end of the blade the water
had what electricians might call a tendency to short-circuit the
blade and allow water to go round to the wrong side, so that
increasing the pitch towards the middle of the blade wus decidedly
advantageous. With regard®to what the Author had said about
the advantago of allowing the blades freedom to rotate, one

) the other, and so accommodating themselves to the
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varying velocities of the wake near the surface and below it, he
was rather afraid that the application of such a thing was hardly
worth the trouble. As the Author had gointed out, it might be
oconsidered in some vessels, particularly vessels of short proportions,
liable to cause bad steering; whereas, in vessels of great length,
perhaps the facility it would give in turning might be advan-
tageous. There was one expedient for overcoming that difticulty
that he had thought of, but had ngver yet ventured to try, namely,
giving the shaft an inclination to the central line of the vessel
when looked at in the plan, so that the shaft would not be
parallel to the vessel's centre line. It was not a symmetrical
arrangement, but he thought it might answer the purpose
intended, of giving the blades othe necessary change of pitch in
the upper and lower positions, and have also the advantage of a
firmer structure. The Anthor had referred to reasons that had led
Mr. Thornycroft to criticize what Mr. Froude had dove, or
rather to differ from him, when he generalized on a Paper pre-
pared for the meeting of the lnstitution of Naval Architects in
1889. Mr. Thornycroft had prepared diagrams to illustrate the
effect of the rotation of the race of the screw, ur the water coming
to the screw, on the action of the propeller. Before referring to it,
he wished to say that he believed that the demonstration ygiven
by Mr. Froude on the action of the surfaces of changing pressure
on the water taking a particular phase of the action on the
SCTEW, was corr?:ct, and was a basis for further progress in the
theory of the screw-propeller; but what he wished to show was
the effect of rotation on the water that always tovk place in
the screw-propeller, and the effect of combining rotation with
the simple propulsive effect on the water which Mr. Froude had
alone discussed. By Figs. 5 he intended to indicate a mass of
water in the eud section rotating. Assumning that the water com-
posing this cylinder was all rotating about its axis, there would be
a tendency for it to assume u different form; the cylinder would
tend to enlarge and shorten, and if an angular motion was given
to the water throughout the cylinder, then the distribution of
pressure_would take something like the fgrm he had indicated
by the curved thick lines bounding the ends, loss of pressure bheing
shown by departure from the straight line indicating the end of the
cylinder. Together with Mr. Froude's actuator—-an instrument
intended to change the minus pressure on one side to plus pressure
on the other—he proposed to combin® what he called a gyrator,
consisting of radial arms not resisting the water passing through
end-wise, but causing the water passing throngh the disk to
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lr Thorny- rotate. If the gyralor were placed within a column of water, and
rotated and travelled from one ond to the other, all the water
might be imagined set in motion in the eylinder of water. This
produced a part of the rotating column which he proposed to
consider. In Fig. 6 it would be seen that the effect of Mr. Froude’s
actuator was that the water tended towards the disk, and
diminished in area, having the motion continuously accolerated
equally before arriving at, and,after leaving, the instrument.
What he wished to show was that this did not correctly represent
the action of an ordinary propeller,and therefore could not e taken
as always true for all propellers. That particular propeller, Mr.
Froude's actuator, gave no rotation. Having considered the motion
of the column of water influenged by the actuator, he would now
consider that of the water which passed through his gyrator with-
out being propelled, but simply rotated. The water at the centre
of Fiy. 7 was rotated, the column arriving at this point was
accelerated as it approached the disk, where it received rotation,
and was retarded as it left the disk. The effect of rotating the
water was illustrated in Fig. 7. The water would then be probably
reduced to the same speed as it had originally. There was no
permanent effect but a temporary acceleration in the rotating disk.
In Figs. 8 he intended to show the effect of superimposing the action
of change of pressure, and that of rotation. Adding the effects
of the minus pressure of Mr. Froude’s actuator and the minus
pressure dne t0 the forward side of the gyrator, there was an
increased acceleration before the combined instruments, while the
sum of the minus and plus effects at the back was oqual to no
acceleration at the back, it appeared to him that what they would
get was represented by the third or last part of Figs. 8, all the
acceleration being forward of the instruments when combined
so as to form one. Then the diagram, Fig. 9, corresponded in
some sense to the diagram, Fig. 6, but in that case ull the accelera-
tion was in front of the propelling combination—the combina-
tion of the actuator and the gyrator. Fig. 10 waus an extreme cuse
where the effect had been carried further. In this case the whole
stream of Water was supposed to be rotating in front of the pro-
peller; the effect of the apparatus was merely to convert the
rotating stream into pressure, the result of ndding the two together
was to get a propelling effect, but no acceleration. To illustrate a
case which represented more nearly the offect met with in a
screw-propeller, he had prepared Fiffs. 12. In the previous case
the power of rotating the instrument was supposed to be such
as completely to balunce the plus pressure behind the actuator;
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but the probability was that such an extreuL case did not exist, Mr. Thorny-
and if a propeller could be imagined in which different parts were <™
rotated at different speeds, so that all the parts had an angle of
45°, then perhaps such an effect would follow. But propellers
were usually made with the pitch much shorter in proportion.
In the case he was considering, the actuator gave a minus and plus
pressure as before; the gyrator gave smaller pressures, and the
result of combining tho diagrams was that there was a small plus
pressure remaining, so that the acceleration was principally before
the propelling instrument, a small part of it being left behind.
Professor A. (. GrreNHiLL said that in considering any theory of Profeseor
the screw-propeller, the investigator was confronted with the Greenhill
difficulty of the large number of different quantities that must
be taken into accouut, all of them apparently capable of indepen-
dent variation. There was the speed of the ship as designed
—the speed of the wake, the revolutions and pitch of the propeller,
the thrust-power, the turning moment, the IIP. required to turn the
propeller, and so op.  But in framing the theory, only what took
place when those quantities varied one at a time conld be considered.
The Author's two coeflicients C, and C,;, would, no doubt, introduce
a notable simplification into the consideration of the guestion.
Mr. R. E. Froude, in his Paper before the Institution of Naval
Architects in 1886, formnlated five propositions, which he imagined
had received universal acceptation. In interpreting those pro-
positions by the aid of the Author’s two coeftRients, Professor
Greenhill found that the relation might be expressed by saying
that the product of the coeflicient (*, hy the square of the co-
efficient (', by the percentage of «lip, or the slip ratio, ought to
come out a constant. What the value of that constant was, of
course wonld be determined ultimately by the experiments of Mr.
Barnaby. He should be glad if Mr. Barnaby would kiudly say
whether that was approximately the case. He would also ask if
he considered it possible to carry out his experiments on land in a
current of water prepared for the purpose. Various experiments
had been carried out with propellers working in a tank, but in all
such cases that he had read of the propeller itself bgd produced
the current, and consbquently had been working with an Tuordinate
amount of slip. Such experiments would thus boas valueless tests
18, for instance, detormining the efliciency of the propeller when the
vessel was tied up to a wharf. Mr. Barnaby had concluded with
some reference to the paradoxical result of negative slip. Early
experimentors probably thought that they had caught a glimpwe of
perpetual motion in that apparent phenomenon. Mr. Isherwood of
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Ilr Stromeyer. starboard 52 sqmmx feet area. The average pitch of the port pro-
i peller was 23 feet 9 inches, and that of tho starbourd propeller was

16 feet 6 inches. 'T'he increased pitch tgwards the periphery was
9 feet with the port propeller, and 4 feet 4 inches with the star-
board one. The revolutions were 52 with the port propeller
and 58 with the starboard propeller. Unfortunately he could not
give the HP. The only information which he had obtained on this
point was that the total power was between 1,500 and 2,000 HP.
and that the port engine, xgltbou@\h it was making fewer revolu-
tions, was indicating much more than the starboard one. He had
applied his formula to both propeller-blades, and had marked the
thrust, as calculated, for each square foot of the blade. This was
shown in Figs. 14 and 17. Thg t!ml&t—lll’ of the starboard pro-
peller amounted to 578 Ibs., as .tgam«.t 615 1bs. in the port
propeller, showing a difference of only about 6 per cent. That
agreed with what the engineer had told him “that the helm did
not indicate that there was any difference in the two powers.”
The turning powers, as calenlated by him, Fjgs. 14 and 17, wore
714 and 843, giving a ratio of about 5 to 6. Summing it up, the
total HI. was about 1,550, and tuking either 2,000 or 1,800 as the
actual indicated HP. -of the engine, that give a very reasonable
coefficient of efliciency. The efliciency obtained by dividing the
thrust-HP. by the turning power at any point of the hlade was
given in Fige. 15 and 18, The total efliciency was 72°8 per cont.
for the port prapeller, and 81 per cent. for the starboard propeller.
This result was obtained on the assumption of a certain amount of
friction.! If it was doubled, the efliciency was reduced to 68 per
cent. in the port propeller, and to 74 per cent. in the starboard
propeller. He had assumed that the wake following the ship
was travelling at a speed of 2 knots. This had been found by
calculating the two thrusts for various speeds of the wake until
the two were cqual. 'Phis point was found to be where the
wake was 2 knots, and the speed of the ship 10 knots.  If he took
into account the motion of the propeller in the wake, the actual
efficiency would be 683 per cent. und 74 per cent., which was the
same sort pf efficiency as was shown in the curve of the Author,
who armived at 70 per cont. Mr. Stromdyer's highest was 74
per cent., 8o that there was u probability of hoth being correct.
The remarks he had made with regard to tho ratio between the

W e e et s n 0 e

1 Assumed coeflicient of frietion per foot of blsde F =¢ ( + ’200)
o = velocity in knots; b = width; ¢ = thickness of blade in inches.
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work done by the thrust and the turning p!wer could also be Mr. Stromeye:
applied to the case of Mr. Lels’ screw, and if that was done, they
ocould find out what was ghe friction of the propeller-engine, and
subtract that from the rest of the work. He had carried out these
calculations, and the results were given in the following Table:—

Ne of . Friction of Engin
Experiment, blicat-d P, 70
HP, ' ny.
31-03 156
6
260052 y7-8

From this Table the conclusion might be drawn that the friction
of this engine and propeller was 12 HP. whon running light, with
an increase of 1 for every 20 indicated. Ile believed that that
agreed fairly well with what was usnally accepted.  The Author's
coucluding remarks had reference tonegative slip.  Mr. Stromeyer
did not sce that any other explanation conld be given, than that
it wus dvo to the spring of the blades: the normal pressure
on a blade moving obliguely through the water had been shown
to exist not at the centre, but u«t about onethird or one-
fourth from the leading edge, and in working out the twisting
moment of one blade of the port-propeller, he found it to be 22,000
inch-lbs., and he thought that was suflicient to give the tip of the
blade about 3 or 4 inches increase of pitch. With lighter blades
mado of gun-metal, working at higher velocities and having
greater thrusts, he believed that 1 foot increase of pitch would
easily be obtained. But there was another thing that would help
a blade of that sort in twisting, namely, the thick metal in the
centre; that was sure to be in tension, and the eutside in com-
bression. Now it wus well known that if the edges of a strip of
thin motal were hammered, so as to put the centre line_in a state
of tension, it would baVe o natural teudency to be twisted one way
or another. In fact as long as it was a thin plate it could not be
made struight; but if it was thick like a propeller, the torsional
strength of the central part would keep it straight, but the least
twist would be increased by the latent spring that was in it.
Mr. ArTruk Rigo said that many years ago he bad made numerous Mr. Rigg.
experiments with scrow-propellers. He exhibited a model of the
[THE 1Nsr. CE. vOL. o) I
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Mr. Rigg. first turbine- propel‘er ever made and used. It went through many
different forms, and it had been experimented upon by naval
architects and others. He had designgl and used it for slow-
moving screws, for at the time to which he referred, about 1864,
there was not much notion about high-speed screws, and experi-
ments were made first on the model he had shown. The theory of
the screw-propeller was one on which mathematicians had expended
a great amount of emergy, with surprisingly small results. Sir
Francis Knowles, nineteen years ago, attempted to ascertain the
best form of helix, but there was none to be found. He denied
the existence of negative slip altogether. That was a good way
of gettinga theory to work—to deny the facts. Sir John Lubbock,
at York, in 1881, at the meeting of the Bnmh Association, had
referred to the number of theories xmphcxtlv believed in fifty
years ago, but since discarded, and wondered how many pet
theories would be believed in another fifty years hence. It almost
appeared as if the screw theory would be no more heard of then.
The Author now contended that negative glip was true, while
Sir F. Knowles denield the fact, as his theories did not explain
it; and finally the Anthor had given np theory in despair, and
presented an empirical table of proportions, which did not fit it at
all. Examining the theory, it would be found that the expression
for the advance during 1 revolution = 2r = sin a, where a was the
inclination of the screw blude to the plane of rotation.  Although
that expressiomshonld really be A = 2r = tan q, yot as he main-
tained the whole theory to be wrong from beginning to end, it did
not matter whether the sine or the tangent were used. If the
common theory was further investiguted, it wonld he found that
these facts ranged from serews with u coarse pitch giving positive
slip, medium pitch giving noslip, and fine pitches giving negative
slip, and herein lay a cnrious variation, which would naturally,
to an ordinary mind, lead to the inference that the theory must
be wrong; and although mathematicians had wrangled over it for
half a century, their work in this direction had not been of the
smallest practical use, and only accentuated the marvellous vitality
of error. Indeed, it came to this, that the theory only taught
designerd how to make a bad screw, and thus warned them as to
what they must, on no acconnt, carry out. Referring to the
Paper, the Author had mentioned Mr. Griffiths’ jocular remark
about flat blades. Having had the pleasure of muking many
experiments in conjunction with Mrc Griffiths, he might say that
, he simply meant that which everybody found who made screws by
"rule of thumb, namely, that an increasing pitch gave the best
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results. DBut nobody acquainted with the science of hydraulics Mr. Rigg.
would ever recommend a perfectly flat blade seriously. Reference

was next made on p. 75, ® the fact that the urca of blades seemed un-
important. In connection with that he might mention that during

ono of his experiments a four-bladed screw, 3 feet in diameter, got
aground in the middle of a rum, and it was found on returning

that three of the blades had been broken off, and nobody had
noticed it. Indeed Mr. Griffiths remarked on this, that one of

his screws had once brought a vessel home with all its llades
broken off, only the roots remaining !

The screw bore much analogy to a pump, and it was difficult to
understand why the Author could suggest that the work done before
the stream entered could be counted to increase the total; for it
was impossible to take the “ suction ” of a pump and double it inan
ordinary pump, and call that singular totalthe height throngh which
it was toberaised. It was manifestly useless to maintain a theory
which created bad screw-propellers, and he would try and illustrate
some ideas which, whether right or wrong in themselves, made a
goud serew if properly carried out.  The theory to which he referred
was first published in 1867 and 1868 in Papers read before the
Institution of Naval Architects, which were the outcome of experi-
ments made during his invention of the guide blade or turbine
propeltér.  The modes of propulsion through water might be
divided into two general classes.  One mode was the paddle, with
its direction of motion exactly opposite to that o the vessel, anil
this was exemplified in the swimming of the frog, the duck, and
quadrupeds.  Another, and the commonest, had the direction of
motion in the propeller more or less at an angle to that of the
object driven—like the oar in senlling; the fish, the octopus, or a
man swimming.  Indeed, a man when swimming did not perform
lig work like the frog, but on the same principle as an octopus.
He had no webbed fect to act as paddles’ he had to spread his legs
apart, and, closing them sharply together, he was propelled by the
wedge of water-resistance caused thereby.  That action was like a
screw of a pitch increasing as his velocity increased. But the arms
acted somewhat differgntly.  When fully stretched abosg his head,
or when closing against his sides, their action was like the action
of his logs, but when widest apart, they acted as paddles. That
simplo illustration seemed to cover the whole mystery of screw
propulsion ; but in order to place the matter on a more iutelligible
basis, he had prepared a fe diagrams, which would better illus-
trate his wmeaning. |In Fiy. 19 the lines marked C F, DF, EF
and H F represented veins of water moving with a given velocity

12

-
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M. ngg through the air, ar\fd impinging against a plate indicated by the
line AFB. These veins struck against the plate, and all flowed
away horizontally upon it, so that the liresc¢ F,dF,e¢eF and HF
represented vertical components of pressure due to whatever
velocity was possessed by the stream, impinging at an angle of
30°, 45°, 60° or 90°. Fig. 19, therefore, contained the elements
of the ordinary screw-propeller theory, as it was easy to conceive
the plate, turned to corresponding angles, moving against the vein
of water, and producing like results by impact aguinst it. In
Figs. 20, 21, 22 and 23 were represonted the elementary principles
of his own theory of the screw-propeller, published in 1867 and
1868, and based upon the assumed behaviour of a vein as before,
moving not in air, but in water, a condition which profoundly
modified the results. Any one rowing could feel the difference
between the resistance near the surface and in deep water. Tuking
the same vein moving with the same velovity, and at the same
inclinations, as given in Fiy. 19, the pressure due to impact
remained as before; but in Fig. 20 the stream C F was guiled so
as to have its angle of reflection equal to its angle of incidence,
that was, CI' represented pressure due to impact, as in Fig. 19,
and FK represented pressure due to reaction, giving a total
vertical-pressure L I, which was exactly double that shown by ¢ F
in Fig. 19. Figs. 21,22and 23 gave thoe results of combined impact
and reaction for 457, 60" and 90, all of which were double what was
shown by Fig. 19, and it would be particularly noticed that this
system of calculation showed that when the stream impinged
vertically on the plate, and wus reflected upwards to the sawme
height, the pressure was also doubled. If now it were remembered
that the screw and the paddle worked nnder water, and there was,
or ought to be, no free vent for it to run horizontally along the
blade, then there was no difficulty in considering that the bohaviour
of & vein within the water corresponded with tho impact and
reaction shown by Figs. 20, 21, 22 and 23, rather than with the
impact alone which it possessed when flowing in a medinm less
dense, such as air. This system gave the value of the ship's pw~
gress addg to the reverse current per revolution = 2rx sin 2 a,
and the relation between progress and current depended on the
proportion of arca swept by the screw.  If now the diagrams were
turned to represent the blades of screw-propellers, so that (!} B,
(Fig. 20) became the augle a, or the inclination of the screw blade to
its plane of rotation, then it requirdl no very great effort of the
imagination to understand the general effoct of the theory on the
‘operation of the screw-propeller. The last inquiry was, How did
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ascertained facts accord with the proposition Iaid down? With a Mr. Rigg.
screw-propeller as with a paddle, the water was always driven off
perpendicularly to the surface of the blade ; never by any chance
did it slide over the surface. If this were not so, how could sea-
weed grow on the driving sides of screws and paddles? Then

Fig. 19, Fig. 20.
L
( ,F ' . K
| 1
e
k

Fig. 21.

* I % B N
again, when a paddle struck under water, the pressure would be
exactly double that which was due to its actual velocity, for its
oporation was like that shown by Fig. 23. That explained the
total failure of such vessels®as the * Waterwitch,” where a stream
driven backwards lost half the propelling power of a screw or
paddle. It was impossible to tell a tenth vart of what this theory
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Mr. Rigg, implied in the limit¥ of a short speech, or to combat difficultics so

‘ easily raised ; but this much came out clearly, that it led directly
to the design of a screw of varying pitch,eand never countenanced
such an absurdity as “ Negative Pitch.”

. Reynolds.  Mr. Epwarp Revsorbs wished to ask a few questions, in order to
get something more than formulas out of the Paper, which was
evidently the result of a great deal of patient investigation, and
no small degree of courage. Ie had been frequently urged by
different institutions to undertake such a Paper himself; but he
had been’ obliged to decline, Yecause from an academical point of
view he knew nothing alout the subject. Nearly fifty yeurs ago,
when Mr. F. P. Smith was kind enough to give him free access to
the “ Archimedes” and the *Great Nopthern,” he thought he
knew all about propellers; but now, having made many hundreds
for some of the most important ships in the world, he felt that he
knew nothing about the matter. lIle feared designers were not
likely to get much help from constants ohtained by making
experiments with models in smooth water. "There were so many
‘things affecting the question to be considered.  The length of the
ship affected the question abstractedly, because there would be
less velocity of wake following a 200-foot ship going at 14 kuots
an hour, than following a 400-foot ship going at the sume speed.
The longer ship having a greater amonnt of skin friction would
set in motion more wake ; and some of the power lost in setting it
in motion woul® be picked up by the propeller in reducing the
slip. But there was another sense in which the size of the ship
affected the question materially ; it had been recently demonstrated
that ships of a certain size could go pructically at the same speed
in all weathers. The splendid resnlts got by the * Umbria ™ and
“Etruria ” might be taken as a proof of that fact; and the result
seemed to be a disposition to reduco the surface of the blades in
these large skips. In A'tlantic ships it was formerly found
necessary to make the propeller somewhat on the principle which
the Author had described as being necessary for a tug in order to
allow for a great deal of occusional slip, because when a ship was
brought up by a heavy sea there was no longer any wake following
it, and the propeller had to work in broken water. Ile had known
of a case in which the “Russia " only made 285 miles in three
days, the slip being 70 per cent. This did not happen with the

later Atlantic ships, which, owing to their enormous weight and
power and fineness of lines, were not 8o easily checked by a weu;
and their height out of water mude them safo where smaller
vessels would be almost overwhelmed by the sea; therefore
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engineers would appear to be justified in trying a reduction of the Mr. Reynold
effective area of the blades. This brought him to another part of
the question. He wishe® to have some explanation of what he was
about to mention. Ile had lately made new propeller blades for a
large ship, the latest diagrams from which in his possession showed -
10,658 indicated HD. at 614 revolutions per minute, the pitch of
the propeller being 324 feet, the nominal total surface being 180
square feet; but the effective propelling surface of the four blades,
namely, the proportion of the dick occupied as seen from abaft wus
130 square feet.  Taking for the sake of even figures the effective
HP. as being 10,000, which would not be far wrong (although
only from 55 to 60 per cent. of the total power was efficient in
driving the ship; but that was besause a great deal of the work of
the propeller was exercised harmfully in aggravating the want of
hydrostatic pressure against the stern of the ship, so that the
propeller was thrusting against a self-created resistance to some
extent) the pressure against the water in the direction of
thrust must amount to no less than 8-825 lhs. per square inch on
the blade, supposing the whole surface to be equally effective,
which he wonld afterwuards show could not possibly be the
case.  The velocity which would be imparted to water by this
pressure, and therefore the theoretical slip due to it would be
equal to 24 statnte wmiles per hour.  Part of this slip was taken
up and hidden by the fact that the blades were “orkmg in the
wiake travelling mth the ship, Lut u still greater pnrt was avolded
by the fact of having separate blades, each acting upon a con.-
puratively large mass of unbroken water which required time to
set it in motion—aun analogous action to that of the widely
separated floats on modern paddle-wheels.  If that could be really
explained, if any data or constants could be made availuble to
show how much wis to be obtained fx_-om a factor of that kind,
engineers would be able to proceed with more certainty than they
now could. The sort of knowledge which he wanted to get was
such as enabled Mr. Thornyeroft to produce his shallow-water
propeller with its astouishing results.  He would now explain his
reuson for saying thgt the whole surfuce of the propsller above
reforred to could not he considered as equally effective. There
was & modern fashion, say for the last twenty years, of giving a
bulge to the fuce of the blade near the root, so as to make the
section approximately symmetrical there, this bulge dying away
ut about half the h,ugth ¢} the Llude (he might add that two
direct experiments in substituting a flat face at this part had given
unfavonrable results); the fesult was that in sowe of the most
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x. Raynulda successful ships of t\he present day, the leading edge of the bLlade

fr. Cowper.

Bunaby

adjoining the boss was at an infinite pitch, and therefore could not
be doing anything in direct propulsion, lgit.might still be doing
useful work in what the late Mr. Griffiths would have called
feeding the screw, by throwing some water outward, which if the
outer portion of the blaude had, as in the best modern practice,
sufficient trail aft might beacted upon by the points of the blades,
instead of their having to draw the water from the part of the
ship’s body next to them. The hlade last introduced by Mr.
Griffiths hud the extreme point bent forward so as to Lave a
disposition to pile water underneath the ship's counter, rather
than to draw it away ; and he was confident that the general idea
conveyed by Mr. Griffiths was sopfar accuryte, thut he had ventured
from the first to say that the Hirsch propellers, of which he had
made considerable numbers, could do nothing but absolute harm
by hooking the water inwards, because they would tend to
aggravate the deficiency of hydrostatic pressure under the stern
of the ship. .

Mr. E. A. Cowrer desired to say, in confirmation of Mr. Thorny-
croft’s statement about making the pitch of the screw near the
boss at a less pitch than at the outside, that he had in 1855
made the speed of a screw less towards the centre than the outside,
so that the arms might simply screw throngh the water, but not
attempt to propel the ship, and the effective outside portions of
the screw were ade quicker so as to propel.  This was in a ship
called the “Prince Albert,” but its name was almost immediately
changed to the “ Abundance,” as although it was lLuilt to fetch
timber from Norway and Sweden, it was bought by the Govern-
ment, and filled with ovens to lake bread in the Black Sea, at the
time of the Crimean War; it lay alongside a ship called the
“ Bruiser,” by Fairbairn, which had a flour-mill on board, consist-
ing of four pairs of stonds. The “Abundance,” when coming
round from Sunderland, with upwards of 8 tons of coal on board,
made a quick passage for those days, and gave great satisfaction,
though the weather was very rough. The oungines of the
“ Bruiser " gould work up to ten times the power required for the
flour-mill, ‘and could not be controlled with any governor, till
Mr. E. Humphrys took away tho steam-pipe, and put a long
2-inch pipe for the steam to pass from the boilers to the engines;
after this they were able to work the mill.

Mr. Svosey W. Bausany said, in reply to the discussion, that
Mr. Froude had made the subject of the Puper so peculiarly his
own, that he had beon much pleased te find that nothing seriously
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wrong had been pointed out by him. He thought there might be Mr. Barnaby.
a relation between his constants C, and C,, as suggested by
Professor Gireenhill. The connection which Mr. Wingfield had
established between them sccmed to point to the possibility of
Professor Greenhill’s surmise proving to be correct. Experiments
had been made with models in a small rotary canal, the velocity
of the current being produced by a separate propeller or propellers,
and not by the screw, the thrust of which it was desired to
measure. It was not a very satisfactory arrangement, as it was
diftienlt to obtain anything approaching to uniformity in velocity
or direction of the curreuts in the canal. As to the challenge
which had been thrown down by Mr. Isherwood, the late Chief of
the Navy Department of the Uniwd States, he felt disposed to
take it up in defonce of the Admiralty. Mr. Isherwood had stated
that negative slips existed nowhere but in the Admiralty
Reports of the trials of British war vessels. Mr. Barnaby thought
the reuson was that it was only in Admiralty trials that there was
the careful measurcment of results so necessary to show such a
swall thing as apparent negative slip must always be. If
Mr. Isherwood had said that reports of negative slip were confined
to the trials of penny river-steamers it might have been discarded
as a fullacy ; It the fact that it was obtained in trials so carefully
conductdd as Admiralty trials were, made it clear that it was
something to be met and dealt with. He lLad not met with
Mr. Stromeyer's formula for calculating the thrust of the screw :
in fact he did not even now know what it was; but he should le
much interested in examining it, and he should like to apply it
to Mr. Lels' thrustcurve, and find, if he could, why the measured
thrust differed from tho curve of indicated thrust caleulated
according to Professor Rankine's method. e did not agree with
Mr. Stromeyer's view that negative slip might be the result of the
blades twisting under pressure. Were this the case, it might be
expected that the metal would soon give way from fatigue, as the
fluctuations in pressure were very great and very rapid. Mr.
Rigg could not understand how the work done upon the stream
before it entered the propeller could be *“ counted to iixrease the
total.”  Mr. Barnaby thought there would be very little total left
to account for if the acceleration in front of a propeller were to be
discarded, in view of the fuct that open propellers produced nearly
the whole of the acceleration in front; that was, they imparted
velocity to the steam almost entirely Ly suction. He thought
Nr. Rigg confused reul slip and apparent slip. There was, of
course, no such thing as real negative slip, and no one in these
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Mr. Barnaby. days would contend that there was. Mr. Roynolds had depreciated
experiments with models. The trials made with the “ Vlaardingen,”
described in the P'aper, were not upon # small scale, but upon a
vessel large enough to admit of trustworthy measurements being
made, and when these were found to agree in such a marked
manner with the results of the experiments with small models,
it surely showed that there were good grounds for believing
that these might be depended upon. What he said about the
greater wake which would be produced by a long ship than
by a short one was of course correct; but it only pointed to
the necessity of exercising judgment in the selection of a wake
correction to be used with the constunts. The remarks of
Mr. John about the large pitch-ratios and comparatively small
disk-areas required with twin-screws completely accorded with
his views, and the comparison of the effect of a suil upon a single
screw and of one screw npon another in the case of twin-screws,
was a very apt one. The constants in Table 1 provided for all
those different conditiuns, and it was possible to desiyn a screw
from those constants for a single-screw ship or a twin-screw ship,
the only difference in the treutment being that the wake factor in
the two cases would not be the same. That point was well
brought out in Plate 1, Fig. 2, of the Appendix, where ships were
shown occupying different pusitions depending upon the velocity
of the wake. The “(Great Fastern” appeared in two positions,
one with single- and one with twin-screws. The single-screw
worked in a wake baving a velocity equivalent to 27 per cent. of
the ship's speed, whereas the twin-screws were in u wake having
a velocity of 15 per cent. only. The effect of applying the
correction for wake was to give a large diameter for single-screws
a3 compared with twin-screws.  He had pointed out that the best
efficiency could only be pbtained at one particular slip-ratio, and
he had tried to show that in designing a screw for u tug, or for a
ship which had to contend against head winds and seas, it was
advisable to design it so that the slip shonld be small whon the
tug was running free, and when the sea-going vessel was steaming
in smootle water ; because, as soon as the ahpormal resistance came
into play, through the tow-rope in the one case and from the wind
and sea in the other, the effect would be to increuse the slip and
to make it correspond more with the condition of maximum
efficiency. It bad long heen known by practical men that a tug
required a large propeller; but he dif not think it had been shown
hefore how large it should be. Mr. John asked whether the
Author could account for the high efficiency which appeared from
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the Tables to extend over so large a range of pitch-ratio as from Mr. Barnaby.
0-8to 2-5. e agreed that it was a matter of great surprise, and
had expressed his doubt: in the Paper as to whether there was
justification for expecting 69 per cent. efficiency with 2-5 pitch-
ratio. Mr. Froude’s experiments extended to 2-2 pitch-ratio only,
and it was a matter of opinion as to whether equally good results
might be expected with ratios of 2:5. He did not agree with what
Mr. John had said about apparent negative slip. Ie knew that
Mr. W. Froude thought that the intermittent action of the screw as
it passed in and out of the dead-water behind the stern-post of a
full-formed ship tended to produce negative slip, but the ** Colling-
wood ” was not a full ship; it had a 19 per cent. wake only, and,
moreover, the screws dide not workebehind a stern-post at all as it
had twin-screws, and yet they showed 2} per cent. apparent negative
slip. As stated in the Paper, all the explanations of negative slip,
based upon dead-water and following current, applied ouly to the
case of screws of increasing piteh, and did not tonch the case of a
uniform pitch. The same thing was true of the theory based
upon the circular motion of the particles of water in waves.
He presumad that Mr. John referred to waves made by the ship:
because it could not be contended that negative slip resulted from
the screw working among waves. It was well known that,the
coutrary “effect was prmluced that the slip was increased, and that
the most favonrable circumstance for the exhibition of apparent
negative slip was perfectly smooth water. If a wave followed
the ship, and its energy could be made use of in any way by the
screw as suggested, that wave had previously been created hy the
ship, from which the energy had been robbed, and it could be only
partially restored. Were it all restored, and were the whole of
the energy of the frictional wake utilized by the screw withont
loss, there would still be no surplus of t]u:ust to keep the vessel in
motion. It was certain that there must be a stream of water left
behind by the screw having sternward motion relative to still
water; the question was, how did it come about that while this
was 80, apparent negative slip could be got? The reason seemed
to be that the water flowed faster through the screw dhan was
acconnted for by mmltiplying the pitch into the number of
revolutions, and that the speed of the race was not correctly
estimated in this manner. The more rotation there was in the
race the less the excess of water passing would be, and the less
the probability of gotting némtive slip. This view appoeared to
bo confirmed by tho trinls of the “Collingwood,” where the pitch-
ratio of the screws was very small, and where the negative slip
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was considerably increased by a reduction of pitch. He found, in
a work by Robert Rawson on the Screw-Propeller, published in
1851, which was in the library of the Isstitution, the account of
the trials of six of Her Majesty's ships. Of these one only
exhibited negative slip,and that one, the “ Plumper,” had a pitch-
ratio considerably less than either of the others, and the negative
slip was afterwards increased by a reduction of pitch. Mr.
Wingfield had pointed ont that it was possible to plot the revo-
lutions constants in straight lincs. That was true; but they
could not then be combined in one diagram with the disk-urea
constants, as was done in Fig. 1; but it would, no doubt, be useful
to plot them in that manner if it was desired to interpolate or to
extend the curves beyond theelimits of eexperiment as suggested
by Mr. Wingfield. He had studied Mr. Wingfields dingrams
carefully, and considered them very ingenious. The question of
scale was of great importance in a diagram of this nature, and it
was this difficulty which first prompted the Author to try and
alter Mr. Fronde’s arrangement. Mr. Froude had given curves
extending only to 200 revolutions per minnte, and they were quite
unsuitable on this account for the Author's use. Mr. Wingfield's
diagrams covered a much wider range, but the I. HP. extended
only to 6,000, and the scale was very crowded towards tho high
powers. The scale was more open at the small powers, and he
suggested that it wonld le advisable to split up the diagrams into
several parts, each including a small range of power, and in that
form he thought they would be useful. Ouno advantage of the
table of constants was that it embraced an unlimited range of
power, speed, and revolutions, and was independent of scale.
Although it might tuke two or three minutes longer to work out
a propeller from it, designers could well afford those two or three
winutes for the purpose, cspecially if speed were only to be
obtained at the expense of accuracy.

Correspondence.

Mr. Meuvrice F. FrrzGEravp noticed thag the Paper contained a
large amount of direct experimental cvidence as to a matter in
which mere caleulation could give, even with much pains and
labour, only unsatisfactory results ; namely, thoe efficiency of and
actual power consumed by, the same screw at different rutes of
revolution. The Author contrasted the opinions of Sir Francis
Knowles and Mr. Grifliths as to the oxistence of some best possible
form of helix, and Mr. FitzGerald agreed in the main with the
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Auther’s conclusion, being of opinion that there was no inherently Mr. Fitz-
or essentially best propeller, apart from the engine and ship to Gerald.
which it belonged, or eve2n apart from the trade and ports of
call of the vessel, the financial position of her owners, and the
engineers, stokers, captain, crew, and passengers. Any useful
theoretical work must, therefore, be directed, not to finding an
absolutely best screw, but towards enabling the designer to insure
the absorption of a given IIP., and revolutions at a given speed
of the vessel.  The matter, from this point of view, was much on
a par with the theoretical mechanics of girders and beams, the
object not being the discovery of any absolutely best girder, but
a girder whose strength was known in advance. The Author's
remarks on the complicajion introduced in Mr. Thornycroft's ex-
periments on a varied pitch by the manner in which the change of
pitch was effected, fell in with Mr. FitzGerald's belief that the
regular mode of treating the question theoretically on the basis of
a propeller blade of small thickness and uniform pitch was un-
sound, or at any rate unpractical, in the sense that there was no
reasonable probability that any ordinary screw could act like a
thin plate whose pitch was that of the after face of the propeller
blade. Fiy. 24 represented a circle near the boss of the screw
of the * Vlaardingen” developed ; from which it was evident that
the motton of by far the largest part of the water passing through
at this radius could not be expected to agree with the form of either
the flat or the ronnded face of the blade. It w8uld, in fact, Le
much more natural to expeet its average motion to follow the
direction of the mean fibre or median line of the blude section,
which at least had tho merit of symmetry. The futility of sup-
posing the general motion of the water to be altogether and abso-
lutely derivable from tho form of one face of the blade, chosen
arbitrarily because it happened to be the one whose pitch was
uniform, and therefore, most easily meashured, and therefore used
as a means for describing in words the general form of the blade,
was sufliciently apparent. In another case, he found on examining
the working-drawings of a screw of nominally 14 feet 9 inches
wean pitch, that the pitch of the median line of sectjon of the
blades varied from nearly 17 feet at the tip (where it almost coin-
cided with that of the face of the blade) to at least 25 feet at the
after edge near the boss. At the leading odge the pitch was
throughout less than the pitch of the after face, but did not vary
wuch from 13 feet or theresbouts; and as the effect of a screw
depended mainly on the condition in which the wator was left
behind it, that was, on terminal couditions, and not the average of
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Mr. Fitz- intermediate ones, no safe conclusion, but one most highly likely

Gerald.

to be erroneous, could be drawn by assuming that the effective
pitch might be taken where the twoafaces of the blade were -
parallel. The Author in his remarks upon Mr. R. E. Froude's ex-
planation of Mr. W. Froude’s conclusious as to the possible exist-
ence of negative slip, the correctness of which Mr. Fitz(ierald

-

‘?\Mmﬂ. %’ .
saw no reason to doubt, might have proceeded much farther, as it
appeared that no clear reason existed why the pitch of an arbitrarily
chosen line (namely, that of the after face of the propeller at its
mean radius) used as a measure of %he ship's speed, should not
occasionally lead to what would be called nogative slip. He had
no doubt that if any lordinary propeller were reversed on the
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shaft, so as to make the after face hecome the forward ome, nega- Mr, Fitz-
tive slip would become a very apparent and ordinary phenomenon, Gerald.
and the propeller would grobably also be a very bad one, perhaps
capable, under judicious management, of driving the ship back-
wards to a slight extent, withont reversing the engine. Some
years ago Professor A. (i. Greenhill published a series of articles
on the screw-propeller, from which it appeared that no mere
geometrical resolution of velocities on the blade surface was
possible unless one of them were given, and that the circum-
fercntial velocity of the water, in particular, could by no means
be left out of account, in consequence of the centrifugal pressure
produced where it existed.  Mr. Froude, in explaining his concep-
tion of the *“actuator,” had guarded himself expressly against any
ahsolutely certain pr«mnnncemeut on the effect of these pressures
in modifying the conditions of operation of the actuator, and from
a pernsal of Professor Greenhill's articles, Mr. Fitz(rerald had been
led into an investigation of the problem of finding, apart from
any partienlar form of blade, «ome compatible set of velocities,
circamferential and longitudinal, which would make the resist-
anco to rotation (due to the inertia of the water like that of
of a heavy frictionless nut on a screw), the thrust (due to inertia
of the same nut), and the head or pressure in the stream lines,
which depended on both the longitudinal and circumferential
velocities, consistent with one another. Of course, an infinite
number of such systems wax possible, but he codceived that in
order to design a propeller, the best thing would be to insure the
rosults, by first uascertaining that the motion of the water,
intended to be produced by the blade, could actually he
produced, as, once the motion of the water was determined,
there was no dificulty about making the blade to fit it.
He had sent to the library of the Institution a note to a
Paper on the * Theory of the Screw Propeller,” read by him at
a meeting of the Belfast Natural listory and Philosophical
Society, on March 4th of this year, in which the purely mathe-
matical work of the investigation was given. This involved no
special or extraordinary difficulty; the required consistency of
motion and heads, or® pressures, being arrived at by supposing a
curve of heads drawn for each longitudinal stream line, and
another curve of heads drawn for the radius of the screw disk
where it was cut by the longitudinal stream line. The ordinate
of the first curve deponded en the velocity along the stream line,
and that of the socond on the centrifugal pressures due to cir-
cumferential motion ; while the value of the ordinate at the point



128 CORRESPONDENCE ON THE SOREW-PROPELLER. [Minutes of

Mr. Fitz- where they crossed was the hydrostatic pressure at that point, and

Gerald.

consequently the same for both. Two forms of vortex were
mentioned in the note which satisfied tge mechanical and hydro-
dynamical conditions, and it was shown that, in an ordinary
propeller, so long as the stream lines wero * fuir ” and no violent
twists or eddies were set up (as they must be when oue part of it
did not suit well with another), the vortex it produced must ap-
proach one, or indeed, both of these, as they were for a consider-
able portion of the screw disk practically the same. He had given
in the note u Table of the HI". calculated on the assumption that
one of these vortices was prodnced, and compared the results with
some examples as below, to which some of the results given in the
Paper under discussion were ngw added :—

i np.
—— |
P Caleulated. Insficated.
\Ierclmut stuumor nlmw mentioned, nominal). 470 518
mean piteh 14 feet 9 inches ., ) ! o
HMS. “ Camperdown,” \huut(s of l’rucoodumn'
Inst. C.E., vol. xev. p. 343 \p(ul 16 kam*. 8,480 8,62
revolutions 95; twin screws . N
No. 11 first-class torpedo bont, Minutes of l'm- ‘
ceedings Inst. C.E, vol. Ixvi. p. 176 :— ;
Speed 18-848 kuots; 980 revolutions . - 314 340
?]0] " 271 24
w 12°995 112 13l
Mr. Thornyeroft’s experimental screw, given in
Paper by Mr. Barnaby :— { Fiwt-ibe., pee minute.
Speed 4°0 knots; 730 revolutions ., 9,574 ULl
w 45 . GO0 " CBs0 L 8,50
8.8 «
Speed 9°6 kuuts; 100 revolutions . | a6 38
w 1003 10, R R B T
w 110, 180 " . 27 250

He believed these examples showed a sufficient agreement
between the calculated and realized resnlts Jo Justify the general
correctness of the reasoning on which they were fonnded, when it
was taken into consideration that none of these screws was in-
tended by the maker to fit any particular vortex. The small scale
of the drawing (Plate 1, Fig. 5, Appendix) also made the absence
of any sufficient balance being left for friction in the case of the
* Vlaardingen " screw not surprising, as it was not casy to make
sure of what the rotation at the circumference of the wake, on
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which that at every other point depended, would be in it. The Mr. Fitz-
calculated results were also certainly higher than the exact *er®ld:
theoretical results, owing to the Table in his note above men-
tioned having been calcx?]ated on the assumption that the longi-
tudinal velocity was uniform over the whole disk area, whereas,
though nearly so, it would not be exactly uniform ; and the error
made by this assumption would be always balanced, more or less,
by friction. At almost all ordinarily practicable rates of rotation
of open screws without gunide-blades, the ordinary design of hlade
would cause somewhat less HP. to be absorbed than that required
for the vortex assumed, the central velocities, both circumferential
and longitudinal, being less than those calculated for in his Table.
He believed that a competent 1nan, by several years’ labour, could
.arrive at a ncarly exact ®stimate of the effect of a screw of given
arbitrary form, in which several subsidiary effects would take
place ; but he also believed it would be much more practical to
design the screw-blade so as to fit a simple system of longitudinal
and circumferential velocities, snch as was described in his note,
especially as every screw must produce nearly these motions,
whether it fitted them or not. The data required were the ratio
of the speed of blade-tips to the speed of the ship, and the
ratio of tho rotational speed of the water at the circumference
of the wake to that of the blade-tips. The latter ratio usually
varied in practice from 2 to 4 per cent., and in a 10-foot screw,
absorbing about 500 HP. at eighty revolutionsgand 10 'knots,
the twist or rifling of the spiral path of water at the circum-
ference of the wake would be about 1 turn in 300 feet of its
length. The circumferential velocity at any other place on a
radius of the screw disk was got by drawing a rectangular hyperboia
with the rudius and axis for asymptotes, through its value at the
tip of the blade; so that iu the above case, the twist of the inner
part of the wauke, behind a boss 2 feet 6 jnches in diameter would
be 1 turn in about 20 feet. The longitudinal velocity diminished
slightly near the boss, when this was about one-fourth of the
scrow’s dinmeter, but with very small bosses might vanish, or
possibly be reversed locally. The form of the blade section was
easily arranged, witR tho thickness usnally required near the
boss, so that the leading edge entered without slip (taking its
median line as the effective hlade), and the after edge had the
requisito length of pitch, while retaining the practical convenience
of a flat after face of unifprm pitch. The resulting form of
blade did not differ in any conspicuous way from ordinary
forms. Mr. FitzGerald had long ago observed, though unable
(THE 1Nsr. C.E. vOL. C11.] K
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at the time to give any distinct account of its sngmﬁcance,
the long twist of the wake of the outer pair of screws in one
of the Russian circular ironclads, which were carried Dby conical
projecting stern tubes a good way cfear of the ship, so that
the vortex produced was not influenced locally by stern-brackets,
&c., or broken up immediately after its formation, by the stern-
post and rudder. It was difticult to say, in Lis opinion, what was
the correct inference to be drawn from the experiments men-
tioned Ly the Author on the “ Antispire” of Messre. Desgofle and
de Georges. A piece of vortex, sumething like a bit of a smoko
ring, hung on along the after edge, uud over the tip of a propeller-
blade, which was of little, if any, use for propulsion; it was likely
that a good deal of cnergy might be unprofitably expended on it,
especially at the tip of the blade, where its axis lay tolerably.
parallel with that of the screw; so that if the circumstances of
the experiment favoured the production of this curl, as he thought
they would have been likely to do in the case mentioned, the
“ Antispire” might be useiul. Mr. FitzGerald considered the
effects of viscosity apt to be overrated by being coufounded with
the loss of power involved in producing the rotary momentum
of the wake, which was no more avoidable than the loss through
longitudinal momentum, being an absolutgly necessury condition
for the working of the screw, unless gmide-blades were fitted.
In ordinary large screws, however (not turbine propellers like
Mr. Thurn)cr(gtw, this loss was small enough to bo less than
the probahlc friction of the guide-blades themselves, and, in
comparing indicated thrust HI. with that of the eugine, was
naturally included with other, more properly frictional, losses.

Mr. E. Havi-Browy said that one fuctor of propeller efficiency, as
far as he could see, had been entirely left out of consideration in
the Paper. He referred to  dead-water.”  With moderately fine
ships, having a good rup aft, the action of this might be incon-
siderable, and might be safely left out of what after ull was only
an approximation unless experiments had been made with a
model of the ship. With very full ships, however, the action of
the dead-water wnst be considerable. The work upon the dead-
water was shown by the late Mr. W. Froudedo be ubsolutely lost, ns
far as propulsion was concerned, therefore tho less the proportion
of that work to the total work done by the propeller, other things
being equal, the greater would the efficiency be. Now he thought
the amount of work done upon dead- water wonld be proportionally
larger with a small propeller than %with a largo one, s with a
very bluff ship it was easy to suppose & propeller so small that it
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would work entirely in the dead-water. This, then, was a con- Mr. Hall.
sideration which ought to be weighed against the reasons given hy Brown.
the Author why a smalf propeller should be more efficient than a
large one. This action of the dead-water was probably greater
than was gencrally supposed, and might, with ordinary steamers qf,
say 0°65 coefficient, and still more so with fuller boats, turn the
scale in fuvour of the lurger propeller. At any rate, there was a
general tacit opinion among engineers that there was a certain
diameter of propeller which would give the best results with any
given ship. It was difficult to understand how this idea had arisen
unless some influence of sufficient magnitude had not been considered
by the Author. IHis attention had been for some years principally
occupied with a class ob ship as f8r removed from the “Ihantom
ship™ as it was possible to conceive, namely, the ordinary 9-knot
cargo hoat. Here were the particulars of one:—Length B.P.,
277 feet ; beam, extreme, 37 feet d inches; draught moulded, 19 feet
11 inches; displacement, 4,670 tons; block coeftivient, 0-792.  All
experience with this class of ships had been that they could not be
econowmically driven by a propeller of small diameter. A ship having
these dimensions would attain an average speed at sea of 9 knots,
with about 820 indicated HP., the propeller being about 16 feet
in dipmeter, and 16 feet pitch; or a pitch-ratio of 1-00. Taking
the constants given in the Paper, this corresponded to an abscissa-
value of slightly over 11; and the corresponding Jevolutions were
64+7, all of which agreed very well with orﬁnary practice.
It was to be noted, Lowever, that the value of the wake
thus taken was only 10 per cent., corresponding to that given
for a very fine vessel indeed; so that either the amount of
wake with these bluff' ships at 9 knots must be very small,
or the propulsive coeflicient must be lower than that taken
by the Author. It would be interesting to know which was the
case, and what were the causes. Taking, however, the same
pitch-ratio as above, with an abscissa-value of 15, which ought
to wive an efliciency of 66 per cent.. it would be found to require
& propeller 12 feet in diameter, making about 98 revolutions
per minute; now hg was certain that such a propeller as this
would never be fitted by any engineer experienced in these boats,
as ho would know that any such reduction in diameter would
cotail o very great loss of efficiency. Was it not probable that
o low propulsive efficiency, caused by the action of dead-water,
was the cause of the agreeficnt in the first cuse mentioned, and
that the same cause produced a still wore diminished efficiency
When o smaller propeller was applied ? What now most required
K 2
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Mr. Hall- elucidation was the effect npon the action of the propeller

. Brown.

r. Isherwood.

of such very full ships as he had mentipned. The Author had
given, in a very concise form, formulas which could readily be
applied to all the finer types of ships, and which would, he thought,
give results as nearly correct as it was possible to get without
experiment upon each individual model.

Mr. B. F. Isuezwoun, Chief Engineer, United States Navy,
observed that many persons interested in “ The Screw as a P'ro-
peller for Vessels,” seemed to have the belief that there was some
particular kind of helicoid, some particular outline of blade, some
particular number of blades and leugth of blade, some particular
ratio of the pitch to the diameter, and somo particular fractivn
used of the pitch, that could, Yander all“circumstances, give the
greatest economic efficiency, such efliciency varying inversely as
the power required to give the same vessel the same specd;
or, in other words, required to overcome the same resistance. Now
the determination of the economic efticiencies of different screws,
was not a matter cither of imagination or of mathematics, althongh
both had frequently been put in requisition for the purpose, with
the result of conspicuous failure ; it wasa purely physical problem,
and solvable, like all such problems, by experiment only. And
there had been no lack of such solutions, fur extensive comparative
experiments had been made during the last half century by the
naval authoritieg of Great DPritain and France principally, not to
include much subordinate experimenting made by the naval
anthorities of other conutries, which, if accurately collated and
intelligently interpreted, would decisively answer all the questions
that conld be asked in relation to the subject. Many of the ex-
periments referred to were almost inuccessible, never having been
published ; and those which had been published were in many
cases incomplete, important data having been omitted, but enough
remained that was sufficiently extensive and sufficiently complete
to form a solid basis for opinion, and a reliable guide for practice.
The valuable results were those obtained from experiments, with
& number of different screws propelling tho same vessel at the
same speed, and varying gradually in sume pmrticular proportions,
while the remaining proportions continued constant. Of course,
such experiments were nocessarily rare, owing to the time and
cost involved ; but sporadic experiments undertaken for the deter-
mination of some particular point of difference between two or
more screws were valuable, at least qualitatively, if not quantita-
tively, even if incomplete, as they had generally proved to be.
The problem was to ascertain the relative cconomic efficiency of
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different screws overcoming the same resistance. The latter was Mr. Isherwe
an indispensable condition. Without it the results were isolated,
and could have no appljcation to the purpose. If the same vessel
were propelled at the same speed by the different screws, the
resistance overcome by them would, of course, be equal ; and if the
vessel were propelled at different speeds, the resnlts could be
reduced for eynality of resistance so long as the vessel's speed
varied in the ratio of the square of the speed, which it would do
for all speeds below a certain limit, differing for each model and
sizo of vessel. Ience, the screw experiments of Mr. Thornycroft,
cited in the Paper, were valucless, and determined exactly nothing,
as the screws were not tried propulsively on a vessel, and did not
overcome any coustant resistance. . Each screw overcame merely
the resistance of the veater to itdblf, being projected at the end of
a pole from the bow of a vessel maintained at sensibly equal speed ;
and that resistance varied simply with the dimensions and propor-
tions of the screws.  The same results would have been obtained
by dragging the submerged screws independently through the
water without the intervention of a vessel, and did not in the least
enable any comparison to be made of their relative economic
cfficiencies in overcoming a constant resistance. The greater the
resistance of any of Mr. Thornycroft’s screws, the greater would
be the power applied to it, the resistance and power being neces-
garily in equilibrinm; so that the efliciencies of all his screws
properly measured in this manver wonld be egual. But such a
case had no application to the problem of ascertaining the screw
of greatest economic efficiency in propelling a given vessel, for in
this latter case the whole power applied to the screw was not
utilized in overcoming the resistance of the vessel, but a con-
siderable portion was expended in the slip of the screw, and in
overcoming the resistance of the helicoidal surface to the water, or
the resistance of the wetted surfuce of the blades, and the com-
parison was between the fraction of the whole power which
romained for the propulsion of the vessel after deduction of the
fraction expended in slip, and in overcoming the resistance of the
wetted hielicoidal surface.  Were there no slip, and no resistance
of the wetted surfase of the screw, one screw would be exactly as
economically efficient as another, just as one wedge, or as any of
what were called the mechanical powers, was as economically
efticient as another; for a propelling screw was simply a
wedge of indefinite length forced by the power between the
fulerum (the water in contact with the screw surface), and the
object (the vessel) to be moved. The complication arose from the
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r. Isherwood. fact that the watery fulerum moved as well as the object, and in
the opposite direotion, constituting the slip, and that the helicoidal
surface experienced a resistance from the gater in the direction of
the helical movement of that surface. If the fulerum did not
recede, and if the helicoidal surface experienced no resistance from
the adhesion of the water to it, the whole of the power applied to
any propelling screw would be utilized in the propulsion of the
vessel ; consequently, the loss of useful effect accompanying any
propelling screw, and inseparable from it, was tho sum of the
losses by slip and by surface resistance. And ono screw could bo
economically better than another only in the degree in which it
made this sum less. Now the losses of useful effect by the screw
could be of only two kinds, namcly :—1st, slip, or the recession of
the watery fulcrum under the pressure of the screw, which slip
was caused wholly by the mobility of the water, and could he
lessened until it became insensible, by sufficiently increasing the
virtual surface of the screw. The virtual surface was the actual
or physical surface multiplied by the number of timos it was used,
or by the number of revolutions it made, while the vessel to which
it was attached went a given distance through the water. Tho
slip of the screw was diminished in a certain degree (vastly less
than in the direct ratio)as the virtual surface was increased, and a
screw could be so proportioned to any vessel that the slip would be
insensible; it could never, however, be made nothing, thongh it
might be continually diminished by additions to the virtual surface.
The resistance which the water opposed to the pressure of the screw
wag that of the inertia of the mass acted on by the screw, the
mass being in the direct ratio of the virtual surface of the screw,
maltiplied by the distance receded by the mass, or through which
it was pushed back by the screw. Whatever might bo the
resistance of the vessel, it would always be exactly equilibrated

" by the inertia of the mass of water set in backward movement by
the slip of the screw. The greater the virtnal surfuce of the screw
propelling u given vessel, the less backward movement would
be given to the water, becanse, for the same resistance of vessel,
the product of the virtual surface into the backward movement of
that surface, or slip, would ulways be a constan?. If a spring were
interposed between the end of a free screw-shaft and the vessel, so
that the thrust of the screw was measured by the compression of
the spring, then the thrust was in common for both the vessel and
the watery fulcrum of the screw, bocausg action and reaction were
equal, and in opposite directions. Under these conditions, the
work done in propelling the vessel would he measured by the
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thrust of the screw into the speed of the vessel, and the work Mr. Isherwood.
done in giving recession tp the watery fulerum (or in slip) would
be measured by the thrust of the screw into the speed of the slip
or distance receded by the watery fulcrum while the vessel was
advancing a given distance. Hence, also, the power expended in
.the slip would compare with the power expended in the propul-
sion of the vessel, as the speed of the slip compared with the speed
of the vessel. A clear idea might he formed of the preceding
actions and reactions, by supposing the vessel to have its sternpost
in contact with a wharf or any immovable inelastic solid. Now,
between tho stern-post and the wharf, let there be driven an
inclined-planc shaped wedge, having the proportions of height to
base that the pitch of the* screw to Yo used with the vessel has to
the mean circumference of the screw; this mean circumference
being the circumference normal to the centre of pressure of the
helicoidal surface. The pressure (supposed constant) to force
forward the wedge would be applied in the direction of the base
of the inclined plane; then the vessel would move through the
height of the plane (corresponding with the pitch of the screw),
while the base of the plane moved through its own length, and, as
the immovable wharf did not recede under the pressure of the
wedge, the only loss of useful effect would be the friction of the
wedge. If, however, the wharf should be composed of elastic
materials, they would yield under the given pressurg of the wedge,
and a slip of the latter would occur in the direction of the height
of the inclined plane, and the vessel, instead of advancing the
height of the plane while the base advanced its own length, would
advance only the differonce between the height of the plane and
the recession of the base, the latter measuring, in addition to the
friction of tho wedge, the loss of useful effect. The second loss of
useful cffect, inseparable from the use of .the screw, was in over-
coming the resistance which the helicoidal surfaces experienced
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