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A known way of compacting concrete is.to
plunge into it the end of a needle mamtamed in
vibration.

Compacting devices. operatmg in this way fall
into two main classes according to the sort of vi-
bration communicated in the needle.

(1) In the first class, vibration of the needle is
caused by the. vibrator (which may be of known
type, for example a form vibrator) fixed to the
end of the needle protruding from the concrete.

The vibrator impresses-a rapid oscillatory mo-.

tion on the point to which it is fixed; and the
amplitude of the movement transmitted to differ-
ent points in the concrete is greater or less ac-
cording ‘to  the mass of the needle handle, ac-
cordmg the flexibility of the needle, and accord-
ing to the depth of penetratmn of the needle
into the concrete.  The ‘concreté is ‘compacted
more or less satlsfactorlly but-somewhat irregu-
larly. s
(2) Inthe second class, V1bra.t1on of the needle
is caused by an eccentric mass rotating within
the needle itself around the.longitudinal axis of
the needle.  As a rule good results are obtained
with such a needle because the amplitude of the
vibrations transmitted to the concrete is sensibly
constant throughout the length of the needle.
:But such a needle cannot: be used to compact
concrete when-the conerete is formed in layers
(whether vertical or horizontal) of less than 50
mm. thickness, as is the case, notably, in the
narrow joints of masonry, and in reinforced
concrete with closely spaced reinforcements.

The present. invention enables better results to
be.achieved in all'cases than with. known devices
of the first class; at least as good results are ob-
tained as with known dévices of ‘the- second class
in' thicknesses of ‘concrete- greater” than 45 mm.
and’also very good results are obtamed in lesser
thlcknesses

“According - to the inventxon these: results are
obtalned by the use of a needle of non-circular
section. to which is given an alternating move-
ment .of rotation,” that is to say an osc111at1on
around its longitudinal axis. .

:In:order that all points on the needle may im-
press: equal movement of: the designed magni-
tude upon'the concrete in contact with the needle,
whatever the distance of these points from the
axis of oscillation, the section -of the needle by a
plane at right angles.to the axis of oscillation may
with advantage be given-the form-of a portion
of the curve described in polar co ordmates by
the equatlon : . Ll
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where - S

The origin 0 is at the centre of osc111ation

The radlus vector r makes an- angle 0 thh the
ams of co-ordinates ox.: -+ " -
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70 is the shortest vector at which the-oscillation
gives the designed displacement to the concrete,

Any means may be employed to 1mpart OSCII-
lation to the needle.. .

Generally speaking the needle will. be sub-
jected to an alternatlng couple about its longi~
tudinal axis.

Preferably the needle is made fast to a part
subjected to the .action of forces:alternating in
sense, the directions of which lie both in a plane
perpendicular to -the longitudinal axis of the
needle and in planes sensibly parallel to.the axis
and symmetrical with respect fo it, so that they
transmit to the needle a- torque alternatmg in
sense.

In a first constructmn, two shafts turn at the
same speed ‘but in opposite directions carry ec-
centric masses which when they are in the plane
containing the shafts and the longitudinal axis
of the needie are symmetrical with respect to
the longitiidinal axis of the needle. -

These shafts may- bé parallél ‘to the longi-
tudinal axis of the needle or they may be co-axial
and at right angles to- it and carry masses at
éach of their extreémities, the masses on the ends
next to the lohgitudinal axis of the needle being
displaced by 180° from the masses at the ends
distant from the axis.

In a second constructlon aceording to the in-
vention the needle is made fast to 'a member in
which are two- cylinders containing double-act-
ing pistons’ operated by fluid pressure, the axes
of the cylinders being at right-angles to‘the longi-
tudinal axis of the needle and symmetrical with
respect to it, the pressure fluid driving the pistons
in opposite senses so that the forces produced by
their simultaneous displaceménts produce a cou-
ple the axis of which is that of the needle.

By way of example there are shown in the ac-
companying drawings: -

In Figure 1 part of the curve above described
as the preferred form of the sectlon of the
needle;

In Figures 2 to 5 four cross-sectlons of needles
are shown. according to the present invention;
each cross-section in each figure is shown in two
positions, one position is shown in full lines and
the other position is shown in dotted lines;

In Figure 6 a view of one construction of the
invention partly in section, . )

In Figure 7~ a sectlon on the line VII—VII
of Figure 6,

" In Figure 8 a sectlon of part of a second con-
struction of the invention;

In Figure 9 a view from above of the construc-
tion shown in Flgure 8 the top of the casing be-
ing removed, "

In Figure. 10 another constructlon of the in-

- vention; -
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In Figure 11 a section. on the line XI—XI of
Higure 10.

The curve shown in full lines in Figure 1 agrees
with the equation above given. The curve shown

in dotted lines represents the curve shown 1n full_,

lines after rotation through an angle Do
0 R

79

and is a curve parallel to the latter and chstanu_

o fromit;

Figures 2-5 illustrate various cross-sections of

the needle which is a feature of the invention.

The non-circular sections of Figures 2-5 are oS-

cillated about the longitudinal axis of the needle,
and. these sections correspond. to the form of
the foregoing equation to describe the curve, the
foregoing equation expressed in polar coordinates.
Each of the cross-sections illustrated in Figures
2-5 'indicate two positions for these cross-sec-
tions; otie of these positiohs being. sheown in a
full line, the other in dotted line.

In the device shown in Figures 6 and 7 a mo-
tor 21 drives through a flexible transmission 22
a shaft 23 on which i§ secured a bevel pinion 24.

The keével pinion 24 drives through. similar
pinions 25 and 26 two shafts 2T and 28 to which
it transtiits rapid movements of rofation of the
same speed and of opposite sense.

Upon the shaft 21 are securely fastened two
equal masses 29 and 30 arranged symmetrically
with respect 0. & point on the shaft 27 equidis-
tant from the point at which the masses 29 and
39-are fixed. Shaft 28 and its masses 31 and 32
are identical with the shait 27 and its masses 29
and 38. At the beginning of the movement the
four masses are in the plane containing the longi-
tudinal axis of the needle and the axes of the
shafts 21 and 28 the masses 83 and 31 being on
the side of the shafts towards the needle point,
and the masses 29 and 32 on the side towards
the flexible transmission.. The:shafts 23, 27 and
28, the bevel pinions 24, 25 and 28-and the masses

29, 30, 31 and 32 are enclosed in a casing 23 in

whrch are bearmg for the three- shafts

Upon 'ﬁhls casing are mounted a handle 34 and
a-needle 35 ‘co-axial w1th the handle and of con-
vement shape, for-instance of the sectron shown
in Figure 5; this needle is 0. e plunged into the
concrete. -

In consequence of thelr rapid rotamon the
masses 29 and- 32 When they are in the position
shown in F}gure 7, create by the1r centrlfugal
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forces a couple of which the axis is z—x’, wh11e :

the masses 30 and 31 create a much smaller op-
posite couple, so that there is a resultant tend-
ing to turn the casing about the axis z—=z’;
when the masses are in the position shown in

Figure 6 their centrifugal forces produce no cou-'

ple about the axis —z’.

So on each revolution of the shafts 27 and 23
the casing makes an oscillation about the axis
2—x’ carrying with it the needle 35 whlch is se~
curely fixed toit.

The needle 35 is made, as indicated in Flgure
5, of a light metal casting comprising curved ele-
ments of the form above described, so designed
that the displacement of the needle surface-in
contact with the concrete has nearly everywhere
the desired value.

In the constructlon shown, m Frgures 8 and 9
the shafts 36 and 37, instead of being at right
angles to the longitudinal axis x—z” of the needle
35 are parallel to it and each carries two masses
38. 'These are eccentric to the shafts 36 and 87

- 60

4 . .
and are so placed that when they are in the
plane  containing the shafts 36 and 37 and the
axis x—z' they are symmetrical -with respect to
the axis z—az’. Motion is transmitted to the shaft

' 34 from an exterior source of movement as in

Tigure 6 and on shaft 34 is keyed a pinion 39
enggging with identical pinions 48 and 41 keyed

- ‘upon the respective shafts 36 and 31. The whole
,constructron is arranged in a casing 42 like that

shown in Figure 6 and to this casing is secured
the needle 35 in manner analogous to that de-
seribed below in connection with Figure 10.

The working of this arrangement is substan-
tially analogous to that of the constructmn shown
in Figures 6 and 7. . SR

In the constructlon shown m Frgures 10 and
11 ‘the needle 35, of such a shape as hags been
mentioned above, is secured ‘to a socket 51 of
a truncated pyramid form:which fits upon a boss
52 of similar polygonal 'section, and is firmly
pressed upon . the boss by two serews 83 and 54.
The boss 52 is part of & casing 5§59 secured to a
hollow handle 86 to Which is- joined- a flexible
compressed air conduit §7.-

In the casing 55 are- formed two cylinders 58
and 59 in which move heavy pistons 61 and 62.
The cylinders liein & plane perpendicular to the
longitudinal axis z-~-z’ of the needle 35, and are
symmetrical with respect to that axis. The pis-
tons 61 and 62 are-moved by compressed air sup-
plied through the conduit 57 angd-a passage 63.

In Fig. 11, pistons 61! -and 62 loecated in eylin-
ders 88 and 59 respectively, are reciprocatingly
moved by compressed air admitted through pas-
sage or groove 64 in cylinder 59, upper passage
or ‘groove 65 in casing ‘55, passage or groove 61
and’ conduit -or passage 68 to enter into-cham-
ber 69. Compressed air is likewise admitted via
passage or conduit 66 in-piston 6f into chamber
78. Air in the upper part of chamber 70 is vented
through port. Tta. “Alse, passages 16 in chamber
69 and lower passage 1T in casing 55 at times com-
municates with passage or-groove 14 in cylinder
58 and with passage 15 and port Tla. Passage
orgroove 19 in cyhnder 59 corresponds to pas-
sage 14 in-cylinder 58.

‘When one of the plstons 61 and 62 is moving
in the direction indicated by the arrow f the other
is moving in the opposite direction. The blade
35 is therefore subjected to a. alternamng move-
ment around itslongitudinal axis.” -

The simultaneous movement of the pistons 6f
and 62 may be 'obtained, for example, by- making
the piston 61 serve as a slide valve controlling
the supply of compressed air to and 1ts exha.ust
from the cylirider 58. E

In the construction 111ustrated ‘when' it is in
the position shown ia Figure 11, air supplied by
the conduit 63 is led throtigh 'the grobve 64
through the passageway 63 in piston 61 both to
the conduit 66 in pistoir 61-and to: thegroeove 61
and conduit: 68-of piston 62, and so 1o the cham-

_ bers 69 and 10 in-cylinders §8-and 59.

" passages 63, 74, lower

75

With the pistons in the position’ shown 1n Fxg

"1t pressure air is:admittedovia bassages 64; 65,67

and 68 to chamber 63 'and-also Via passage 66'to
chamber 79.. Pistons 61 ‘gnd 62 ‘now move to
their opposite positions, air in the uppéi pant of
chamber 70 venting via port Tie and the air in
the lower part-of chamber 69 venting via pas-
sages 16, lower passage 11 in casihg 55 passages
74 and 15 and port Tia.
On reverse: operation-

passages 19 and 16 to thedower part of chamber
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69 and also to passage 15 to: upper part of cham-
‘ber 10.- Air in-the-other ends of chambers 69
and 70 vent via-passages 68, 61 65, 66, 'H and
vent T1a, respectively.

Consequently the pistons ‘are v1gorou51y dlS-
placed in opposite senses.
from these displacements are transmitted by the
casing to the needle which is held by means of a
handle 56 and is plunged into the: concrete
against which it presses.. These forces;constitute
a couple the axis of -which is-the longitudinal
.axis of the needle, and: they make the needle turn
aboutthat axis. - - - -

When it reaches the endvof 1ts cyllnder the pls—

ton 61 uncovers the port 711 through which the :

compressed air exhausts. The groove 64 is now
no longer in register with the admission port 12,
but the groove 74 registers with the opening of
passageway 15, and the’ plstons 61 and 62 are
given-an opp051te movement and create a couple
of oppomte sign.

‘With the invention disclosed herem there is
secured equal displacements of the concrete in
contact with the needle whereby a regular tamp-
ing of the concrete is secured. = 'The. following
calculation shows that the result sought is. se-
cured.

: Calculatzon -

Assume the curve (¢) is defined by polar co-
ordinates by the equation: - - - -

] 2 - \%
(G oerte (Bm0)*
where r desiznates the length of the radius vector
of a point of the curve and ¢ the angle of this
radius vector with the axis OZ of origin,.

We will demonstrate that by rotating this
curve (Co) a small angle « about the origin O,
there is obtained a new curve (C1) for which, for
all points wherein r>ro, the distance from the
curve (Co) is constant and equal to aro.

X

‘The forces resylt1ng .
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After a rotation through an angle « about O,
the point Ao arrives at A1 upon the curve Ci.
Drop from Ai a perpendicular AiB upon the
tangent AoB to the curve Co at the point Ae. The
angle « being small, the length A1B represents
by the second order almost the distance of a
point from the curve (C1) to the curve (Co).

Let us represent the length A1B by X. We
have:

¢y X =1pA; 608 f==Fa cOS ﬁ

where g designates the angle AcA1B.

Let us now determine the angle 8 by calculus
from the curve C about the point Ao.

An increment Ag of the angle 6 corresponds to
an increment Ar of the radius vector.

In the right angular triangle A¢CD we :have:

CD=Ar

AOC TAO
oC ”I‘AO -
th’DAo—CD ar  ; L

and at the limit when ¢ approaches 0

g a roaches db-
“Ar PP dr

_ On the other hand, the angles CDAo and /3 are
equal as they have their s1des respectlvely per-
pendlcular 50 that : . .

(2" B—@
From Equations 1 and 2 we can derive with
1
Co8 f=——r——
\/1 +tg? 8
X
(3)

Let us reckon rde/dr startmg from the equation

of the curve Co:
be 72 3%
1) —arctg (;0—2—-1) .

7-2
Let us set:
2 2
z =(£0—2-—1)%:y=£;§—-1
‘We have:
’ dy_2r
ar ]

z=y* and gz—/= 1/2y~#
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wh1ch is poSbeIe 1f r2/r02>1 that s
e rDre s

One has also
f=z—arctg e

and . S
Cige T e A
,d‘z‘lf;"lj;tzz ' ;1 -
One has therefore:-
d_dodedy_(\_nNL___ %
dr dz dy dr— 2 2 792
: =
_rerd Y Z _Vri—ré__ 11
. T’ 2 i ] @ r3

and :

Transfér-this value -into Eguation 3 above:
X 1

To

ra T
VitS-1

from which X=a70 upon the evident condition
as has been set forth above that r>ro and this
regardless of what may be the value of r, which
was to be shown. .

Naturally the invention is not limited to the
examples described.

Having now particularly described and ascer~
tained the nature -of my said invention and in
what manner the same is to be performed I de—
clare that what I-claimis:

1.  Apparatus for tamping concrete and a.nalo-
gous material comprising & needle introduced
into. the mass to be tamped, a_ vibrator compris-
ing two eylinders whase -axes ‘are parallel to one
another  and- pelpendxcular to the Tengitudinal
axis of said needle and symmetrical with rela-
tion to said longitudinal axis, two pistons located
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in said eylinders, fuid-operated means- for op-
erating said pistons in’oppesite ditections, a body
fixed to said eylinders and said needle-and trans-
mitting the v1brat10ns of the Vlbrator to sald .
needle:

T2, An appa,raf,us as- set forth in: clalm 1 in
which one of said pistoiis serves as a distribution
slide’ valve for sald fluid operated Theans for the
other pisten. -

3. -AH apparatus as set forth in claun 1 in
which the sectién’of said needle through & plane
perpendietlar to its Iongitudinal axis is consti-
tuted at least in part of portions of a curvature
descnbed in polar coordmates by the equatmn

R - S I
tg ¢ 1]
Where the or1g1n O of the €O -ordinates is at the
longltudmal axis of the needle, the radius vector r
makes an angle ¢ with the axis of co-erdinates
Oz and 7o is the shortest radius vector at which
alternating rotation gives the deSCI‘lbed d1splace-
ment of the concrete .

T 4-Ina tool for compactmg coricreteor | like ma=
terials, a rieedle insertable i inthe massto be com-
pacted, said needle having a crosg section formed
at least in part.of portions of the curve described
in polar co-ordinates: by the equation

[y ]

where the origin O of the co-ordinates is at the
longitudinal axis of the needle, the radius vector
r makes an angle ¢ with the axis of co-ordinates
Oz and 7o is the shortest radius vector at which
alternating rotation gives the descrlbed dxsplace-
ment of the concrete.
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