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Description

The present invention relates to an apparatus
for perforating a tube-with a punch, and particu-
larly for perforating thermoplastic tubes at spaced
points. The perforated tubes may be used in
undeground drainage applications and they may
be formed with annular or helical corrugations.

Punching apparatus of the type in question
permits the production of perforations of various
controlled shapes and sizes. However, the known
punching apparatus, for example those disclosed
in DE—A—1778094, DE—A—1779579 and
DE—A-—2262231, cannot work at high production
speeds. This contrasts with apparatus for cutting
circumferential slots in the tube, as with rotary
cutters. Reference may be made, for example to
US—A—3824886, US—A—3957386 and
US—A—1480357 for apparatus of this type. Slot
cutting methods can be carried out at high speed,
but cannot produce holes of varying shapes or
small sizes. Hole size control can also be a
problem when pipe dimensions are not perfectly
uniform.

According to the present invention there is
provided an apparatus for perforating a tube with
a punch mounted on a revolving too holder, as
the tube is advanced along a feed path, charac-
terized by means for revoiving the punch about
the tube in an epicycloidal path such that the
punch perforates the tube at cusps of the epicyc-
loidal path.

The operation of this punch may be compietely
rotary and continuous, so that it can be used at
very high speeds.

In the accompanying drawings, which illustrate
an exemplary embodiment of the present inven-
tion.

Figure 1 is a schematic illustration showing the
position of a punch on a tool holder and a portion
of the path of the punch with respect to a tube to
be perforated;

Figure 2 is a sectional side elevation, taken on
line 2—2 in Figure 3 of an apparatus for perforat-
ing corrugated tubing;

- Figure 3 is a section on line 3—3 in Figure 2;

Figures 4 and 5, located on the same sheet as
Figure 1, are of front and side views, partly in
section, of a punch for use in the apparatus of
Figures 1 and 2;

Figure 6, located on the same sheet as Figure 3,
is a partly sectional schematic showing the punch
as it perforates the wall of a tube; and

Figure 7, located on the same sheet as Figure 2,
illustrates a length of corrugated tube after being
perforated.

Referring to the drawings, Figure 1 illustrates a
cross section of a tube 10 with a central axis 0.
The tube 10 is corrugated, having a wall thickness
T in the troughs between the peaks 11. The
external radius of the tube at the troughs is A.

Apparatus for perforating the tube includes a
tool holder in the form of a cylindricai spindle 12
with a portion 34 of radius B tangential to the tube
10 at the base of the illustrated trough. A punch 14
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is mounted on the portion 34 and projects radially
a distance slightly greater than the tube wall
thickness T. The spindie 12 rotates about its axis X
causing the punch 14 to rotate about the axis X.
The spindie is in turn caused to revolve in a
circular path about the central axis 0 of the tube.
The ratio of the angular velocity of the toolhoider
about axis X to the angular velocity of axis X
about axis 0 is A:B. This means that the portion 34
of the spindle 12 rolls about the tube 10 on a circle
of radius A and the punch is caused to follow an
epicycloidal path E having a cusp which engages
the surface of the tube at point P. At the point P,
the punch 14 perforates the wall of the tube 10 to
form an aperture without exerting a tangential
force on the tube.

In the embodiment schematically illustrated in
Figure 1, the radii A and B are equal so that the
angular velocities of the punch 14 about the axis
X. and of axis X about axis O are equal. The
epicycloidal path E is a cardoid with a single cusp.
in other embodiments, the radii A and B may not
be equal. They are preferably in a simple whole
number ratio e.g. 1:2, 2:1 or 3:1. In any event,
even if the radii A and B are not in a simple whole
number ratio, the angular velocities are in the
ratio A:B to produce the desired epicycloidal path.

In Figure 1, a single punch is shown for simpli-
city of illustration. In the apparatus illustrated in
Figures 2 and 3, three punches are disposed
symetrically about the tube. In alternative em-
bodiments, other numbers of punches may be
employed.

Referring more specifically to Figures 2 and 3,
the apparatus illustrated includes a housing 15
with end walls 16 and 17. End wall 17 has a central
circular opening 19 for receiving a pipe to be
perforated. The end wall 16 has a larger circular
opening that is aligned with the opening 19 and
has as counterbore on the outside. A ball bearing
22 is fitted into the counterbore and is retained in
position by an end cover 22a. The bearing 22
carries the cylindrical sleeve of an adaptor 20. The
adaptor 20 also has a circular flange fastened to
the side face of a sheave 29 by cap screws 29a.
The adaptor 20 and sheave 29 having a through
bore 18 that is the same size as the opening 19 in
the end wall 17 and aligns with that opening so
that a tube 10 may pass into and out of the
apparatus through the openings 18 and 18.

A stationery ring gear 21 is secured to the inside
face of the wall 17 by bolts 21a. The gear is
aligned with the opening 19 so that the tube 10
can pass through the gear. The hub of the gear 21
carries a ball bearing 23, which in turn supports a
gear housing 25. The housing is sealed to the gear
21 by seals 2ba and 25b.

The gear housing 25 carries three shafts 26a
parallel to the gear 21. A pinion 26 is keyed to
each of the shafts 26a and meshes with the teeth
24 of the ring gear 21. Each shaft 26a carries a
gear 26b. Three idler gears 28 carried by the
housing 25 mesh with the gears 26b.

Three drive bars 30 (one shown) extend be-
tween the gear housing 25 and the sheave 29. The
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bars are secured to both the housing and the
sheave so that these parts rotate as a unit.

Also extending between the gear housing 25
and the sheave 29 are three spindles 33. At one
end each spindle shaft extends into the gear
housing 25 and is keyed to a gear 27 meshing
with a respective one of the idlers 28. The other
end of the spindle shaft is mounted on the sheave
29 by ball bearing 33A.

Between the gear housing 25 and sheave 29
each of the spindles 35 has an enlarged cylindrical
section 34 that serves as a tool holder. This
section 34 carries a helical rib 35 on its outer
surface and a punch at the location indicated by
the circle Y. The punch will be described in more
detail in connection with Figures 4 and 5.

A drive shaft 32 extends through the housing
15, parallel to the tube 10. It is mounted in
bearings 32a and 32b in the end walls 16 and 17
respectively. The shaft 32 carries sheave 40
aligned with sheave 29. Sheave 40 drives sheave
29 through a series of V belts 31.

As mentioned above, the punch is more clearly
illustrated in Figures 4 and 5. As illustrated in
those figures, the body 34 of the spindle 33 has a
stepped bore 37a aligned with the rib 35. A
cylindrical body 37 of the punch fits into the bore
37a and is held in place by a cap screw 38
extending into the bore 37a from the opposite
side and threaded into a bore in the inner end of
body 37. The punch has a cutting head 36 with V
shaped cutting edge for cutting rectangular slots
in the tube. The punch is shown in Figure 6
engaged with the wall of the tube 10 and piercing
the tube in the desired manner. Figure 7 illus-
trates an helically corrugated tube 10 with slots 48
produced by the punch.

In operation of the apparatus, the drive shaft 32
is driven from an external power source of any
appropriate sort. This drives the sheave 40, the
belts 31 and sheave 29. Rotation of sheave 29 acts
through drive bar 30 to rotate the gear housing
25, As the sheave 29 and gear housing 25 rotate,
the spindles 33 are revolved about the tube 10
extending through the housing. The gear train
consisting of stationary gear 21, pinions 26 and
26b, idlers 28 and gears 27 rotate the spindles 33
about their respective axes. Appropriate selec-
tion of the gear ratios insures that the ribs 35 of
the spindles 33 will roil on the surface of the tube
10 without slipping, so that the punch will prog-
ress around the tube in an epicycloidal path.

The helical ribs 35 on the spindles 33 will
engage with the corrugations of the corrugated
tube to advance the tube through the punch. With
a tube having helical corrugations such as that
shown in Figure 7, the ribs 35 may be annular
rather than helical. Helical ribs are required for a
pipe with annular corrugations.

Claims

1. An apparatus for perforating a tube (10} with
a punch (14) mounted on a revolving tool holder
(12, 33) as the tube is advanced along a feed path,
characterized by means (21, 26, 26b, 27) for
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revolving the punch about the tube {10) in an
epicycloidal path (E) such that the punch per-
forates the tube at cusps (P) of the epicycloidal
path.

2. An apparatus according to Claim 1 charac-
terized by a tool holder (12, 33) on which the
punch (14) is mounted, means (33a) for mounting
the tool holder for rotation about an axis (x)
thereof, and means (29, 31, 40) for revolving the
axis (x} of the tool holder about the tube (10}.

3. An apparatus according to Claim 2 charac-
terized in that the tool holder is a spindie {33) with
the punch (14) projecting radially therefrom.

4. An apparatus according to Claim 3 charac-
terized in that the spindle (33) rolls about the
surface of the tube.

5. An apparatus according to Claim 4 charac-
terized by a plurality of spindles (33) distributed
symetrically about the tube.

6. An apparatus according to Claim 3, 4 or 5
characterized by a helical rib (35) on the spindle
(33), engageable with the tube to advance the

"tube through an apparatus.

7. An apparatus according to Claim 3, 4 or 5
characterized in that the spindle has a helical rib
(35) and the punch (14) projects radially from the
rib.

Patentanspriiche

1. Vorrichtung zum Durchciochen einer Réhre
(10) mit einem an rotierenden Werkzeughalter
(12, 13) angebrachten Lochstempel (14), wahrend
die Rohre einer Vorschubstrecke entlang vor-
wiértsgeschoben wird, gekennzeichnet durch
Mittel {21, 26b, 27) zum Drehen des Lochstampels
um die Réhre (10) herum auf einer solchen epizyk-
lischen Strecke (E), dass der Lochstempel die
Roéhre an Spitzpunkten (P) der epizykiischen
Strecke durchlocht.

2. Vorrichtung nach Anspruch 1, gekennzeich-
net durch einen Werkzeughalter (12, 33), an wel-
chem der Lochstempel (14) angebracht ist, Mittel
(33a) zum Anbringen des Werkzeugehalters zur
Umdrehung um eine Achse (x) desselben und
Mittel {29, 31, 40) zum Drehen der Achse (x) des
Werkzeughalters um die Réhre (10) herum.

3. Vorrichtung nach Anspruch 2, dadurch
gekennzeichnet, dass es sich bei dem Werkzeug-
haiter um eine Spindel (33) handelt, sus weicher
der Lochstempel (14) radial herausragt.

4. Vorrichtung nach Anspruch 3, dadurch
gekenzeichnet, dass die Spindel (33) um die
Rohren-Oberfidche herumrolit.

5. Vorrichtung nach Anspruch 4, gekennzeich-
net durch eine Mehrzahl von symmetrisch um die
Roéhre herum verteilten Spindeln (33).

6. Vorrichtung nach Anspruch 3, 4 oder 5,
gekennzeichnet durch eine an der Spindel (33)
angeordnete, spiralférmige rippe (35), welche mit
der Rbhre zum Vorwértsschieben der R6hre durch
die Vorrichtung hindurch in Eingriff gebracht
werden kann.

7. Vorrichtung nach Anspruch 3, 4 oder 5,
dadurch gekennzeichnet, dass die Spindel eine



5 0 083 164 6

spiralférmige Rippe (35) aufweist und dass der
Lochstempel (14) radial aus der Rippe herausragt.

Revenciations

1. Un appareil pour perforer un tube (10) 3 I'aide
d’un poingon (14) monté sur un porte-outils rotatif
(12, 33), 3 mesure de |'avance du tube, se carac-
térisant par (21, 26, 26b, 27) pour faire tourne le
poingon sur le tube (10) en suivant un chemin
épicycloidal (E) de sorte que le poingon perfore le
tube en points {P} du chemin, épicycloidal.

2. Un appareil d'aprés Revendication 1 qui se
caractérise par un porte-outils (12, 33} sur lequel
est monté le poingon (14}, des moyens (3a) de
montage du porte-outils pour une rotation sur un
axe {x) tel que représenté, et des moyens (29, 31,
40) pour faire tourner I'axe (x) du porte-outils
autour du tube (10).
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3. Un appareil d’aprés Revendication 2 qui se
caractérise dans ie sens que le porte-outils est
une broche (33) avec poingon (14) en projection
radiale de cette broche.

4. Un appareil d’aprés Revendication 3 qui se
caractérise dans le sens que la broche {33) roule
sur la surface du tube.

5. Un appareil d'aprés Revendication 4 qui se
caractérise par une pluralité de broches (33)
réparties de fagon symétrique autour du tube.

6. Un appareil d'aprés Revendication 3,4 ou 5
qui se caractérise par une nervure (35) en spirale
sur la broche {33) pouvant s’engager avec ie tube
pour |'avance du tube au travers de I'appareil.

7. Un appareil d'aprés Revendications 3,4 0u 5
qui se caractérise dans le sense que la broche
comporte une nervure hélicoidale (35) et le poin-
¢on {14) est en projection radiale de la nervure.
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