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Means for Preventing Breakage Due to Resonance in High Speed
Machinery. : :

I, Georee CoNsTANTINESCO, of °° Car-
men Sylva ”’, Beechwood Avenue, Oat-
lands Park, Weybridge, in the County

'of Surrey, a subject of the King of Great™

Britain and Ireland, do hereby declare
the nature of this invention to be as
follows:—

The present

invention relates to

machines in which masses of metal rotate
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or oscillate at high speed; for example,
the gear employed between turbines and
the propeller in vessels driven by geared
turbine installations.

In geared turbine installations, pax-
ticularly in cases in which double redue-
tion gearing is employed between a tur-
bine and a propeller shaft, considerable
difficulty has arisen owing to pitting and
‘breakage of the gear teeth, altliough the
normal stresses to which these teeth are
subjected are apparently well within the
limits allowable without over-stiessing

~ the metal. The cause of these breakages
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has hitherto been extremely obscure and

‘breakages have usually been considered

to be due to inaccuracy of -cutting,
quality of metal, or to excessive fatigue
of the metal.

I have found, however, that the failure
in many cases is due to high frequency
vibrations of the teeth of the gears which
at certain speeds of rotation are set into
vibration at their natural frequency
which may be in resonance with the
impulses given by the teeth of the inter-
meshing wheels coming inté contact as
the gears rotate. I

In a single reduction gear wheel the
pinion is in direct connection with the
shaft of the turbine and the gear wheel is
fixed on the propeller shaft, this failure

is less likely to occur, as in such case
there is ample provision for the dissipa-

[Price 1]-]

3

tion of the enérgy of vibration from the
body of the wheel along the propeller
shaft or to the shaft of the turbine, so
that the energy of vibration may be dissi-
pated and there is no storage of an
excessive amount of energy in the vibra-
tion of the teeth of the gears.

On the other hand, in a double reduc-
tion gearing, the intermediate pinion and
gear wheel are practically isolated for
‘the supersonie vibrations because the only
contact with radiating masses is on the
‘bearings. The oil film maintained in the
bearings acts as a most perfect insulator
for very high frequency vibrations with
the consequence that the energy of vibra-
tion due to supersonic vibration may con-
‘tinually increase if vesonance should
occur, as it will do in most cases at a
given speed of rotation. The continually
accumulated energy in the form of super-
sonic vibration ultimately results in
‘damage to the teeth, because the increase
of amplitude of vibration in the teeth
results in alternating deformations of the
metal beyond the elastic limit and also
the high amplitude of the alternating
veloeity of vibration produces between
the teeth impulsive pressures or shocks
which may greatly exceed the surface
resistance of the metal of the teeth, so
that destruction of the surface occurs at
the point of impact.  This results in
failure of the teeth which may be a clean
breakage at the base due to the ampli-

_tude of the oscillation of the teeth and/or
. pitting and surface damage in the form

of scaling ; and pieces of hard steel may
fly off owing to the excessive amplitude of
the vibration and excessive relative
velocity of impaect.

The object of the present invention is
to construct one or more of the gear

75%5’* Oct, 5,1922.  No, 26,950 / 2 210,486

Oct, 18,1922. No, 27,797/22.
One Complete Left: July 6, 1923,
Complete Accepted : Feb. 5, 1924,

45

55

60

75

80

85



210,486

P\\’

00
QUALITy

10

15

20

30

40

55

110

wheels of a single or double reduction
gear or other machinery in which a
similar phenomenon occurs in such a
manner that the energy of vibration is
taken up in internal friction ip the miass
of the métal and cairied away in the form
of heat.

The invention (‘Oll\lsf‘v i+ construeting -

a gear wheel or other body in which the
vibraﬁons occur in the form of lamina-
tions bolted together in such a way that
the stresses produced on the laminations
result finally in relative slip one over the

other, so that the energy of impact in

the moment of application of the stress
is taken up in friction between the sur-
faces of the various laminations and dissi-
pated in the form of heat, thus avoiding
the occurrence of high frequeéncy vibira-
tions which may be termed supersonic
energy 1n the material.

The invention further consists in eon-
structing a ‘member subject teo intense
viby atmn in the form of a number of thin
laminations. bolted - together so that
energy generated by <hoek between hard
metalhp, surfaces is immediately con-
verted into- heat by friction between the
laminations and providing means where-
by the heat so generated by internal fric-
tion is calued away and oxer—heqtmn
avoided.

The mxentlon “also COIISlbt‘S in- con-
<’c1_uet1no the intermyediate gear wheel of
a double reduetion geay adap’ced to work
at high speeds of a number of thin
annular plates bolted together, the gear
teeth being subsequently cut in the built-
up structure so formed.

"The invention also consists in the im-
proved .method and means for-avoiding
breakage .in metal -structures liable to
resonance when running -at ‘high speeds
hereinafter deseribed,-

. In earrying the 1nvent10n 1nfo effect
aecording to one -example as applied to
the intermediate gear wheel in a double
reduction cear between a turbine and a
propeller shaft of # ship propulsion
installation, The crowns “of the inter~
m.edi'ate;pinion and gear wheéel are con-
strueted . of "2 number of Ilaminated
anntilar plates of high tensile steel-of:say
Yy % to 3%, -thickness aecording to the
sme of teeth ﬁrmh bolted torre‘cher and

double helical gears are cut on the wheel
blank so formed in tlie ordinary manner.
The surfaces of the laminations may be
mechanically or chemically roughened to
increase Zhe friction or a layer of viscous
ov anyfifiction increasing material in
the forn®of a varnish not “soluble i in oil
and which will not tramsmit vibration
may be interposed between the lamina-

tions, for instance, the surfaces may be

tinned or covered with very thin coating
of lead, copper or other ductile metal or
material. -

1t will be found that with a wheel so
constructed the energy of vibration will

be taken up by the friction between the
-plates;
¢ oohno -means, the heat so generated may
e cauled away and ’che ’cendencv to

‘and. by the provision of suitable

breakage eliminated.
It w 111 be seen that the 1nventmn is

-more- applicable to members which are
isolated in space from radiating masses

such as the intermediate member of a
double reduction gear, as in the case of
the end members of such gear the vibra-
tion of the feeth can be transmitted either
along the turbine shaft or along the pro-
peller shaft and so dissipated without
serious damage due to resonance,
In . order to prevent exfoliation of the
end’ laminations of the teeth, the Tlast
Taminations can be made very stout, but
with such a profile that they act only
as maintaining flanges and do not take
any direet load ‘from the driving teeth.
Tt should De- noted that w hen the

- laminations are arranged so that they

bend under the application of the load,
the relative slip between them will cause
the transformation into heat of a certain
amount of the energy of impaet and from
this .1t follows that Telical gears
laminated as above described will be more
effective than parvallel cut gears of the
same size under the same load and speed.
Therefore, whenever possible, the lamina-
tions should be arranged so thaf the plane
of the laminations shall be inclined to
the direction of impact.

Dated the 5th day of October,
- W. GRYLLS ADAMS,
87, Victoria Street, London, S.'W. 1,
Chartered ‘Patent Agent. :

1922,

'APRQ_'_V’ISVIONA,L ,7 SPECTFICATION.

No. 27,797, A.D. 1922.

A Method of Consiructing Gear Wheelé or the'like.: "

1. Grorer CoxsTANTINEsCO, of “ Car-
men Sylva”’, ‘Beechwood Avenue, Oat-

landa Pfuk, Weybridge, in the Countv
of Surrey, a subject of the Klno of Great
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“which

Britain- and Treland, do hereby declfue
the nature of this invention to be as
followg

+The - present- 1nvenf10n 1e1'xfes to a
method of comstrueting gear ‘wheels and
the like which are formed of 2 number
of laminations in-order to prevent failure
daeto high frequency or other vibrations
of the teeth of the gear, -ou- generally,
vibrations- due to the elasticity of the
material w hlch may, and frequently do,
result  in-< breakages when - 1mpulses
oeeurring- through “the operation of the
machinery coincide -in  frequency with
the. natural period of resonance of parts
of the structure.

‘The invention consists in constructing
a gear wheel or the like by stamping or
otherwise forming a number of thin steel
sheets, immersing - these in a bath of
molten tin, -lead or other alloy, or
galvanising them with a suitable metal,
assembling the various plates so formed
and subjecting them to pressure and heat
in- & suitable jig, cooling the blank so
formed. under pressure, and in the case
of -a gear wheel shrinking the ring so
formed-on to a wheel casting, bolting the
whole together; and finally cutting the
teeth in the known manner.

The invention. also consists in the im-
proved method of  constructing a
laminated gear wheel and in the
improved gear wheel so formed as here-
inafter descnbed

In carrying the 1nvent10n into_effect
according to one example in which it is
desired to produce a gear Wheel of say 60
inches dlame’tel the outer ring of the
gear wheel ig formed of @ mumber of
sectors Whlch may be /,th of an inch in
thickness, 3 inches in radial depth; and
extendlno cireumferentially thloUOh an
angle of 45 degrees.  These separate
sectors may be stamped out of sheet-
metal with suitable apertures for bolts
should be of rather smaller

diameter than . the final diameter
intended. The sectors are then immersed
in a bath of molten tin, lead, or other

_.alloy, or may be galvanised by other suit-

able metal. The several sectors are then
assembled in the form of a ring, the adja-
cent laminations overlapping each other
across the width of the blank. Assembly
s carried out in o special jig and the
blank is then subjected to heat and pres-
sure which causes the whole mass to bind
together forming a-solid body by reason
of the melting of the jointing metal.
The blank is then cooled under pressure
and removed from the jig for machining.
Holes are then formed parallel to the axis
and riveting bolts inserted ; and the blank
is then machined on its inner diameter
and shrunk on to a wheel casting which
may be of cast iron, steel or other metal.
The laminated mass is prevented fiom
rotation on the wheel by a number of
bolts parallel to the axis engaged half in
the blank and half in the wheel body to
take the drive and prevent slip. The
teeth are now cut on the circumference
of the wheel in the usual manner and
finally ecircular flanges -are bolted on to
the sides. Tn such a wheel resonance

under vibrations either of sound fre-
quency or supersonic frequency is
avoided. -

*Wheels constructed as above described

ate-particularly suitable for intermediate
géar wheels of double reduction gears
Jo’caflnw -at high- speeds such as are em-
ployed 1in O‘ealed turbinie double reduc-
tion insfallations.

- The method of construction, how ever,
is- applicable to many other purposes in
which a laminated wheel or the like is
required for the purpose specified.

Dated the 13th day of October, 1922

W. GRYLLS ADAMS,
" 87, Vietoria Street, London, S"VV 1,
Chartered Palent Arrent :

COMPLETE SPECIFICATION.
- A Method of Constructing Gear Wheels ot the like.

1, (xEORGE CO’\IST\“\ITINT&LO of ** Car-
men. Sylva’’, Beechwood Avenue -Oat-
lawds Park, W'eybn’dge, in the County

of Surrey, a subject of the King of Great

Britain-and Iveland, do hereby declare

the.nature of this invention and in what

manner the same is to be performed, to
be particularly described and ascertained
in and by the following statement:—
The present invention
machines in which masses of matal rotate
or oscillate at high speed; for example,

relates to

the gear emploved between turbines and

the propeller in vessels driven by geared
turbine installations.

In geared turbine installations, par
’ucul‘ul\ in cases in which double Tedue-;

tion gearing is employed between a. tur-

bine and a plopellel shaft, considerable.

difficulty has arisen owing to pitting and
breakage of the gear fee‘th although the
normal stresses to which these teeth are
subjected are apparvently well within the

limits allowable without over-stressing -
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the metal. The'causé-of-these breakages

hag hitherto been extremely obscure and-

breakages have usually been considered
to be due-to inaccuracy of
quality of metal, or to excessive fatigue
of the metal,

I have found, however, that the failure
in many cases i1s due to high frequency
vibrations of the teeth of the gears which
at certain speeds of rotation are set into
vibration at their natural frequency
which may be In resonance with the

. impulses given by the teeth of the inter-

meshing wheels coming into contact as
the gears rotate.
- In a single reduction gear wheel the
pinion is in direct connection with the
shaft of the turbine and the gear wheel is
fixed on the propeller shaft, this failure
is less likely to occur, as in such case
there is ample provision for the dissipa-
tion of the energy of vibration from the
body of the wheel along the propeller
shaft or to the shaft of the turbine, so
that the energy of vibration may be dissi-
pated and there is mno storage of an
excessive amount of energy in the vibra-
tion of the teeth of the gears.

On the other hand, in a double reduc-

tion gearing, the intermediate pinion and-

gear wheel are practically isolated for

the supersonic or high frequency vibra-

tions because  the only contact with
radiating masses is on the bearings. The
oil film maintained in the bearings acts

as a most perfect insulator for very high-
conse--

frequency vibrations with the
quence that the energy of vibration due
to supersonic vibration may continually

increase if resonance should occur, as it
will do in most cases at a given speed of -
The continually accumulated -

rotation.’
energy in the form of supersonic vibration
ultimately results in damage to the teeth,
because the increase of amplitude of
vibration in the teeth results in alternat-
ing deformations of the metal beyond the
elastic limit and also the high amplitude
of the alternating vibration produces
between the teeth impulsive pressures or
shocks which may greatly exceed the sur-
face resistance of the metal of the teeth,
so that destruction of the surface oceurs
at the point of impact. This results in
failure of the teeth which may be a clean
breakage at the base due to the amplitude
of the oscillation of the teeth andjor pit-

- ting and surface damage in the form of

60

scaling ; and pieces of hard steel may fly
off owing to the excessive amplitude of
the vibration and excessive relative
velocity of impact.

One object of the present invention is

" to construct one or more of the gear

&5

wheels of a single or double reduction

cutting,

gear or other machinery Tin - which a;
similar phenomenon  occurs: in such a-
manner that the energy of vibration is.
taken up in internal fricétion in the mass
of the metal and carried away in the form
of heat.

Many pioposals have been made to
build up gear wheels from lamins of steel
or other metal having a softer damping
material between them, the various
laminee being bolted to form a solid mass.

It has also been. proposed to build up
the solid mass of lamina of steel or other
hard metal with solder or softer metal
Letween them, the whole mass being
bound together under the action of heat
and pressure, but in such case the lamina
have been arranged so that in the gear
wheel formed the forces acting act
parallel to the planes of separation
between the laminee so that there is no
tendency for the lamine to slip relatively
to each other. .

The present invention consists in build-
ing up a gear wheel or other mass of
metal which is required to rotate or oscil-
late at high speed of lamina of steel,
bronze, copper or other metal having
between them and amalgamated with
them a thin layer of a metallic substance
such as an intimately adhering solder or
a metal more plastic than that of which
the laming are formed, the intermediate
material being such that it is capable of
taking up energy byinternal friction and/ 100-
or molecular frietion and converting it
into heat; the lamina being arranged so
that under the stresses produced in the
structure, there is a tendency for the
adjacent lamin® to have a slight sliding 104
motion relatively to each other, so that
energy is taken up by internal friction
and [or molecular friction, the oscillating
motion being degraded into heat produced
in the binding material.

In most cases the natural radiation will
be sufficient to carry away the heat.

The invention also consists in con-
structing a gear wheel or the like by

80~

90:

110>

- stamping or otherwise forming a number 115

of thin steel sheets, immersing these in

a bath of molten tin, lead or other alloy,

or galvanising them +with a suitable

metal, assembling the various plates so )

formed and subjecting them to pressure 120:

and heat in a suitable jig, cooling the

blank so formed under pressure, and in

the case of a gear wheel, shrinking the

ring so formed on to a wheel casting. )

bolting the whole together; and finally 125

cutting the teeth in the known manner,

the planes of the several laminz being

inclined to the direction of action of the

forces acting on the wheel. o
The invention also consists in an inter- 130]
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mediate gear wheel of a double reduction-

gear adapted to work at high speeds ; and

constructed as above specified of a number

of thin annular plates amalgamated and

if desired bolted together, the gear teeth

being subsequently cut in the built-up
structure so formed so that the planes
of the lamin® are inclined to the direc-
tion of action of the forces acting on the
wheel.

The invention also consists in the im-

proved method and means for avoiding

breakage in metal structures liable to

resonance when running at high speeds

hereinafter described.

In carrying the invention into effect

according to one example as applied to
the intermediate gear wheel in a double
reduction gear between a turbine and a
propeller shaft of a ship propulsion
installation, the crowns of the .inter-

~mediate pinion and gear wheel are con-

structed of a number of laminated
annular plates of high tensile steel of
thickness say 1, "/ or even less for small
teeth to 3 ", for very large teeth, accord-
ing to the size of teeth, firmly holted
together and double helical gears are cut
on the wheel blank so formed in the
ordinary manner. The surfaces of the
laminations may be mechanically or
chemically roughened to enable them to
adhere and therefore increase the internal
friction and the surfaces may be tinned or

" covered with very thin coating of lead.

copper, or other ductile metal.

Suppose for instance it is desired to
produce a gear wheel of say 60.inches
diameter, the outer ring of the gear wheel
is formed of a number of sectors which
may be Y,, of an inck in thickness, 3
inches in radial depth; and extending
circumferentially through an angle of 45
degrees. These separate sectors may be
stamped out of sheet-metal with suitable
apertures for bolts which should be of

rather smaller diameter than the final

diameter intended. The sectors ave then
immersed in a bath of molten tin, lead,
or other alloy, or may be galvanised by
other suitable metal which is capable of
forming an amalgam with steel. The
several sectors are then assembled in the
form of a ring, the adjacent laminations
overlapping each other across the width
of the blank. Assembly is carried out in
a special jig and the blank is then sub-

“jected to heat and pressure which causes

the whole mass to bind. together forming
a solid body by reason of the melting of

the jointing metal. The blank is then.

cooled under pressure and removed from
the jig for machining. .Holes are then

formed parallel to the axis and riveting.

bolts inserted; and the blank is then

machined on ity inner diameter and
shrunk on to a wheel casting which may-
be of cast iron, steel or other metal. The
laminated mass is prevented from rota-
tion on the wheel by a number of bolts
parallel to the axis engaged half in the
blank and half in the wheel body to take
the drive and prevent slip. The teeth
which are at an inclination to the axis
are now cut on the circumference of the
wheel in the usual manner and finally
circular flanges are bolted on to the sides.
In such a wheel.resonance under vibra-
tion either of sound frequemcy or super-
sonic frequency is avoided.

It will be found that with a wheel so
constructed the energy of vibration will
be taken up by the internal friction or
Liysteresis of the material between the.
plates; and by the provision of the suit-
able cooling means, the heat so generated
may be carried away and the tendency to
high frequency resonance and consequent
breakage eliminated., )

Referring to the accompanying dia-
grammatic drawings:-—

Figure 1 is a side elevation of a pinion
constructed according to the invention
suitable for helical teeth

Figure 2 is an end elevation of the
same ;

Figure 3 is a section through the rim
of the wheel; .

Figure 4 is a side elevation with the
side plates of the wheel removed ;

Figure 5 shows a method of forming
the laminations when the teeth are cut
parallel to the axis of the wheel; '

Figure 6 shows one of the laminations ;
_ Figure 7 is a side elevation showing
ldminations suitable for a bevel wheel;

Figure 8 is a section on the line 8—8,

Figure 7; ,
Figure 9 is a plan of the bevel wheel ;.
Figure 10 shows a modified form of

lamination suitable for a bevel wheel ;
In the form of the invention shown in

‘Figures 1 to: 6, the portion of the wheel’

on which the teeth are cut comprises a
number of annular dises a of steel, hard
bronze, or other metal coated with solder
or other suitable damping material which
has considerable plasticity or hysteresis
pressed together when hot as above
described. The composite ring so formed
is pressed on to the body of the wheel b
and held in place by flanged rings ¢ ¢
held together by bolts d d. Each disc of-
the ring a is composed of a number of
segments 1, 2, 3 efc., the segments of the
adjacent rings being staggered as indi-
cated by the dotted lines 4 in Figure 4.
With this arrangement, the teeth are cut
at an angle to the axis as illustrated at 5
in Figure 2. o
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~<The- separate segments of the disc a
may also- be- arranged -according -to
another -figure as shown in Figure 5, in

which case the teeth ¢ on the wheel nay

be cut parallel to the axis as iliustrated.
> In applying the-invention to a bevel
wheel, the portion of the wheel on which
the teeth-are cut may consist of a tightly
wound- spiral forming a ring g Figure
8 with suitable damped material being
employed as above deseribed between the
adjacent spiral. The ring thus formed
1s pressed-on to a suitable -hub /-and held
between o flange -4 and a plate [ firmly
bolted to the wheel hub by bolts m.

“In this form of the invention suitable
keys n should be provided on the face of
the plate [ to assist in the prevention of

rotation of the ring g relatively to the

hub of the wheel. The teeth of the bevel
wheel are indicated by the lines o.

“Tn the form of the invention shown in
Figure 10 which illustrates another form
of bevel wheel, the-ring on which the
teeth are cut 15 built-up of a nmmber of
spiral segments 8 with suitable damping
material - between them,  as above

In this form of the invention, the teeth
may be cut as shown in Figures 7, 8 and
9. Tt will be obvious that many modi-
fications of the invention are possible afid
that the wheels. illustrated are only

~ examples showing the method by which
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the invention may be carried into effect.
--Tt will be seen that the invention is
more applicable to members such as the
intermediate member of a double reduc-
tion gear, as in the case of the end mem-
bers of such gear a portion of the vibra-

ticn of the teeth can be transmitted

either along the turbine shaft or along
the propeller shaft and so dissipated
without serious damage due to resonance
whereas the - intermediate member - is
isolated from other masses by the oil film
in its bearings. :

--In order to prevent exfoliation of the

end laminations of the teeth the last
laminations can he made very stout, but
with such a profile they act only as main-

taining flanges and do nottake any direct

load from the driving teeth.

Tt should be noted that when the
Jaminations are arranged so that they
tend to bend under the application of the
load,. the relative tendency to slip
between them will cause the transforma-
tion into heat of a certain amount of ‘the
energy of impact and from this it follows
that helical gears laminated as above

- described will be more effective than

§o

parallel cut gears of the same size under
the same load and speed. Therefore, the
laminations are arranged so that the

plane of the laminations is-inclined to
the direetion-of-impact. Figure 5 shows
how--the laminations should be urranged
for teeth parallel to the axis: Sueh an
ariangement is also suitable for helical
teeth -provided:thé- angles of inclination
of the-teeth and laminations are different.
- Tt should be noted that the - steel
lainine are subjected- to internal -stresses
below their elastic limit, the heat béing
generated chiefly in the intermediary
material. -In this- way the non homo-
geneous structure obtained has high
mechanical strength combined with -con-
siderable power of dissipating energy by
internal and- molecular friction.

The invention does not include cases
in which bodies are built up from lamina-
tions bolted together without adhering
firmly tégether. Sucl: structures cannot
take uwp internal shearing: stresses, the
laminge simply acting individually as is
the case with laminated springs or gear
wheels built of plates bolted together,
or does it include structures in which
under this -force acting there is no
tendeney to_ relative slip between the
laminze. : ,

The strength of such bodies formed of
a large number of laminwe is very much
less than a similar structure solidly built.
The difference-in strength between the
structure built up according to my inven-
tion and a solid body is negligible and
since better quality of metal can be em-
ployed the strength may be even greater
than would be the case of a solid strue-
ture provided the laminations are suit-

ably arranged in view of the direction of

the various stresses which have to be met.

Having now particularly described and
ascertained the nature of my said inven-
tion and in what manner the same is to
be performed, I declare that what I
claim is:— - : :

1. A method of constructing a gear
wheel or the like in which vibrations
oceur by forming metal - laminations
amalgamated together in such a way that
the stresses produced on the laminations
vesult finally in a tendeney of relative
slip one over the other, so that the energy
of deformation is taken up in internal
friction and/or molecular friction of the
material between the surfaces of the
various laminations and dissipated in the
form of heat, thus avoiding the accumu-
lation of such energy in the form of high
frequency vibratidns.

2. A method of constructing gear
wheelsor the like according to Claim 1 by
stamping or otherwise forming a number
of thin steel.sheefs, immersing these in
a bath of molten tin, lead or other dlloy,
galvanising them with a suitable metal,
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assembling the various plates so formed
and subjecting them to pressure and heat
in a suitable jig, cooling the blank so
formed under pressure and finally work-
ing the material to its final shape in the
kllO“'n nranner.

3. An intermediate gear wheel of a
double reduction gear adapted to work
at high speeds constructed according to
the method claimed in Claim 1 of a
number of thin annular plates; the mass
being also bolted together and the gear
subsequently cut in the built-up structure
so formed.

4, The Iimproved gear wheels con-
strueted according to the method claimed
in Claim 1, hereinbefore described and
illustrated at Figures 1 to G of the accom-
panying drawings.

5. The improved blevel wheels con-
structed according to the method claimed
in Claim 1, hereinbefore described and
illustrated at Tigures 7 to 10 of the
accompanying drawings.

Dated the bth day of July, 1923.

W. GRYLLS ADAMS,
87, Victoria Street, London, S.W. 1,
Chartered Patent Agent.

Redhill: Printed for His Majesty’s Stationery Office, by Love & Malcomson, Ld,.——1924,
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/] This Drawing is a reproduction of the Original on a reduced scale
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