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1. 

3,259,003 
METHOD AND APPARATUS FOR FORMING 

OPENINGS IN TUBULAR MEMBERS 
James R. Griffin, Louisville, Ky., assignor to American 

Radiator & Standard Sanitary Corporation, New York, 
N.Y., a corporation of Delaware 

Filed June 26, 1964, Ser. No. 378,371 
12 Claims. (C. 83-54) 

This invention relates to a method and apparatus for 
forming openings in tubular members and more par 
ticularly to a method and apparatus for making gas 
burners from performed tubular members with a plu 
rality of port openings formed therein. 

Heretofore, it had been customary to form tubular 
gas burners having a plurality of port openings by first 
forming the port openings in a sheet of flat stock ma 
terial and then forming the flat sheet material with the 
port openings therein into the desired tubular shape of 
the finished burner. With this type of construction a gas 
tight seam was required to be formed along the abutting 
edge portion of the sheet to render the tube defined 
thereby gas tight. A further disadvantage of this type 
of tubular burner construction was that the size and 
shape of the respective port openings, which are critical 
for optimum burner performances, are likely to be dis 
torted as the flat stock material is rolled into a tubular 
shape. Consequently, since the rolling of such flat stock 
into tubular form disturbs the tolerances and the strict di 
mensions of the port openings formed therein, it has been 
difficult to produce a gas burner capable of optimum 
effectiveness and efficiency by this construction. 

It is therefore an object of this invention to provide 
an improved method and aparatus by which the pre 
scribed shape and size of port openings for optimum 
burner performance can be directly formed in a pre 
formed tubular member. 

Still another object is to provide a method and ap 
paratus for forming a plurality of port openings in the 
surface of a preformed tubular member in a manner 
in which distortion of the tubular member is prohibited 
during the port forming operation. 
Another object is to provide a method and apparatus 

in which a preformed tubular member may be optional 
ly formed with a plurality of port openings that are 
either outwardly extruded or formed fiush with the sur 
face of the tubular member. 

Still another object is to provide a method and ap 
paratus for forming a plurality of port openings in a 
preformed tubular member that is relatively simple, 
inexpensive and positive in operation. 

In accordance with this invention, the foregoing ob 
jects, features and advantages are attained by a method 
comprising the steps of internally bracing or supporting 
the walls of a preformed tubular member and inserting 
into the tubular member so braced a cutting tool and a 
member having an inclined plane. The cutting tool and 
the member having the inclined plane are provide with 
cooperation surfaces so that upon the application of an 
axial force to the inclined plane member, the latter is dis 
placed longitudinally of the tubular member. Accord 
ingly, radial displacement or movement of the cutting 
tool relative to the preformed tubular member is effected 
to result in the cutting tool piercing port openings in 
the adjacent wall portion of the tube. 
To control the extrusion or shape of the port open 

ing so formed, a cooperating female die member may 
be disposed adjacent the external portion of the tube 
opposite the cutter portion of the tool that pierces the 
port opening in the tubular member. The arrangement 
is such that the relative size of the opening of the 
female die with respect to the size of the cutting tool 
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2 
determines the shape of the port opening formed. Thus 
by coordinating the size of the die opening in the female 
die With the cutter of the cutting means, the port open 
ings thus defined thereby can be either outwardly ex 
truded or formed flush with the surface of the tubular 
member. 
The apparatus by which the foregoing method can 

be performed comprises an elongated tube base member 
Which is adapted to be fitted into the preformed tubular 
member So as to prevent inward distortion of the tubular 
member. This is attained by providing the tool base 
member with an external surface contour which com 
plements the internal contour of the tubular member 
whereby the base member is closely fitted thereinto. 
Accordingly, the tool base member is provided with a 
longitudinally extending channelway which opens to the 
circumferential portion of the preformed tubular mem 
ber in which the port openings are to be formed. A 
cutting tool means having a plurality of cutters is adapted 
to be inserted within the channelway of the tool base 
member. A wedge forming means having an inclined 
Surface is interposed between the base member and the 
cutting tool. The arrangement is such that axial dis 
placement of the wedge means longitudinally of the 
tubular member effects a radial displacement of the cut 
ting tool which results in the cutters piercing the tubular 
member to define therein the port openings. To retain 
the metal between adjacent port openings so formed, 
a female die may be provided. Accordingly, the size of 
the female die openings with respect to the size of the 
cutters determine whether or not the port openings are 
outwardly extruded or formed flush with the surface of 
the tubular member. 

In one form of the invention, the cutting tool may 
comprise a series of independent cutters which are spaced 
apart from one another by spacer blocks. In this form 
of the invention, the axial displacement of the inclined 
plane results in the port openings, being successively and 
progressively formed with minimum of instantaneous ap 
plied force. 

In another form of the invention, a pair of comple 
mentary inclined planes are interposed between the tool 
base member and the cutting tool so that the respective 
cutters thereof pierce the tube to form all of the port 
openings therein simultaneously. 
A feature of this invention resides in the method and 

apparatus in which the close tolerance and strict dimen 
sions of the respective burner ports formed in a pre 
formed tubular burner can be positively maintained so 
as to obtain optimum burner performance in a readily 
simple, economic and positive manner. 
Another feature of this invention resides in the pro 

vision of an apparatus utilizing a cutter means having 
either a plurality of independent cutters spaced one from 
the other by the interposition therebetween of individual 
spacer blocks, or a plurality of cutters integrally formed 
with spacers. 

Other features and advantages will become more read 
ily apparent when considered in view of the drawings 
and specification wherein: 
FIGURE 1 is a sectional side view taken along line 

1-1 of FIG. 2 showing a tubular member and the means 
for forming a plurality of port openings in a wall portion 
thereof. 
FIGURE 2 is a sectional view taken along line 2-2 

of FIG. I. 
FIGURE 3 is a detailed end view of a cutter used in 

the embodiment of FIG. 1. 
FIGURE 4 is a side view of the cutter of FIG. 3. 
FIGURE 5 is a detailed end view of a spacer block 

used in the embodiment of FIG. 1. 
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FIGURE 6 is a side view of FIG. 5. 
FIGURE 7 is a top plan view of FIG. 6. 
FiGURE 8 is a longitudinal side sectional view of a 

modified form of the invention. 
FIGURE 9 is a sectional view taken along the line 9-9 

of FIG. 8. 
FiGURE 10 is a plan view of a tubular gas burner 

formed by the apparatus and method herein. 
In the gas burner art, it is important that the burner 

ports of a tubular gas burner be strictly dimensioned so 
that optimum burner performance can be attained. Here 
tofore, considerable difficulty has been encountered in 
maintaining these desired close tolerances and strict di 
mensions. 

Accordingly, there is shown in the drawings an improved 
means by which port openings 20 can be formed directly 
in a preformed tubular member 21 so that the close 
tolerance and strict dimensions of the port openings can 
be maintained for optimum burner performance. There 
is shown in FIGS. 1 and 2 a performed tubular burner 
member 21 and a means for forming a series of port 
openings directly therein. The means for forming the 
port openings 20 comprise an elongated tool base mem 
ber 22. As best seen in FIG. 2, the tool base member 22 
is provided with a longitudinally extending cut out portion 
or channelway 23 formed therein to define the tool base 
member having opposed extended side portions 22A and 
an interconnected web portion 22B. The outer surface of 
the base member 22 conforms closely to the internal con 
tour of the tubular member 21. The construction and 
arrangement of the tool base member 22 is such that it 
will brace a substantial internal circumferential wall por 
tion of the tubular member and thus will prohibit inward 
distortion of the preformed tubular member 21 when a 
driving force is applied to a port forming means as will 
be hereinafter described. If desired, the bottom 22B 
of the channelway of the tool base member 22 may be pro 
vided with inclined surfaces so as to define a substantially 
V-shaped bottom in the cross section thereof. 
The means for piercing the port openings 20 in or 

through a wall portion of the preformed tubular member 
21 comprises a cutting tool 24 and a cooperating wedge 
member 25 having an inclined plane for actuating the 
cutting tool during a port opening operation. The extend 
ed sides 22A of the tool base 22 serve as a means to posi 
tion the cutting tool 24 adapted to be disposed in the 
channelway 23 formed therein for piercing the wall por 
tion of the tubular member to define the port openings 
20 as will be herein described. 

In the form of the invention shown in FIGS. 1 and 2, 
the Wedge member 25 has a V-shaped bottom 25A to 
complement the V-shaped bottom 22B of the channelway 
23 formed in the tool base 22. As best seen in FIG. 2, 
the Wedge member 25 is dimensioned so that it can 
readily slide along the bottom of the channelway. 

In FIGS. 1 and 2, the cutting tool 24 is shown as com 
prising a plurality of independent cutters or cutter blades 
26 which are longitudinally separated by spacer blocks 
27 interposed between adjacent pairs of cutters 26. The 
respective cutters 26 are constructed so as to form trans 
Versely extending slotted port openings 20 in a circum 
ferential surface portion of the preformed tube as best 
seen in FIG. 10. 

In accordance with this invention, the bottoms 26A 
and 27A of the cutters 26 and the cooperating spacer 
blocks 27 interposed therebetween are each provided with 
an inclined surface which complements the inclined sur 
face 25A of the wedge member 25. The arrangement is 
such that when a force F is applied to the Wedge member 
25 in a direction longitudinally of the tubular member, the 
respective cutters 26 are Successively and progressively 
radially displaced or cammed outwardly to effect piercing 
of the circumferential wall portion of the preformed 
tube 21 to form the port openings therein. 
As best seen in FIG. 1, it will be noted that the specific 
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4. 
co-action between the wedge member 25 and the respec 
tive cooperating cutters 26 is such that the respective cut 
ters 26 are progressively advanced or raised from left to 
right as the wedge member 25 is moved to the right as 
indicated by the force arrow F. Thus the respective port 
openings 20 defined thereby are successively and progres 
sively formed. With this construction, a minimum of 
instantaneous force is required to be applied to the block 
Since the respective port openings are successively formed. 

Depending upon the wall thickness and type of mate 
rial from which the preformed tube 21 is formed, a fe 
male die 28 may or may not be used to retain the metal 
'between adjacent ports. 
As shown in FIGS. 1 and 2, the female die 28 is dis 

posed along the external surface of the preformed tubular 
member which is to be pierced by the cutters 26. The 
female die 28 comprises simply a block having a convex 
surface portion 28A complementing the curvature of the 
tubular member 21 that it overlies and which is to be 
pierced by cutters 26. The female die 28 accordingly is 
provided with a series of transversely extending openings 
or slots 29 to receive the respective cutters 26 of the cut 
ting tool. - 

in accordance with this invention, the size of the open 
ings 29 in the female die 28 with respect to the size 
of the associated cutters 26 determined whether or not 
the port openings 20 formed thereby will be outwardly ex 
truded or formed flush with the surface of the tubular 
member. Accordingly, by oversizing the openings 29 in 
the female die 28, the metal from the preformed tube 2 
upon the piercing of the cutter blades 26 therethrough is 
allowed to follow the cutting tool 26 to result in an out 
Wardly extruded shape port opening 20. By minimizing 
the tolerance between the size of the openings 29 in the 
female die 28 and the complementary cutter blade 26 
associated therewith, the amount of material following 
the respective cutters during the piercing operation can 
be reduced. With the most minimum clearance between 
the die 28 and the cutters 26, port openings 20 defined 
thereby will be flush with the surface of the tubular 
member. 

Accordingly, cutters 26 can be designed so that the 
required port opening 20 in the tubular member can be 
obtained by the tapered end surface of the cutter. As 
best seen in FIGS. 3 and 4, the cutting edge or piercing 
edge 26B of the respective cutters 26 are provided with 
opposed inclined surfaces which converge to a sharp cut 
ting tip. 
From the foregoing description, it will be readily ap 

parent that the apparatus for successively and progres 
sively forming a series of port openings 20 in a preformed 
tubular element 2i is relatively simple in construction and 
positive in operation. Also, it is to be noted that the cut 
ting tool 24 is defined by a plurality of independent cut 
ters 26 spaced from one another by a series of independent 
Spacer blocks 27. By employing spacer blocks 27 of 
various dimension, any desired pattern or configuration 
of port opening arrangements may be formed in the sur 
face of a preformed tube. Also, by regulating the toler 
ance between the openings 29 of the female die 28 and 
the cooperating cutters 26 associated therewith, the size 
and the shape of the respective port openings 20 can be 
varied accordingly. Further, the co-action between the 
respective Cutters 26 and the inclined wedge 25 is such 
that the individual cutters 26 are successively and progres 
sively actuated so as to effect a progressive piercing of 
the preformed tubular member with a minimum of in 
stantaneous applied force. 

In another form of the invention, as illustrated in FIG. 
8, the means for forming a plurality of port openings 20 
in the preformed tubular member 21A comprises cutting 
tool 40 including a plurality of integrally connected Spaced 
Cutters 41 and a pair of cooperating inclined Wedge mem 
bers 42 and 43. In accordance with this form of the in 
vention, the tool base member 42 is Substantially similar 
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to that described with reference to FIGS. 1 and 2, and 
it is arranged to closely fit within the bore of the tube 21A 
in a manner similar to that hereinbefore described. 
The wedge members 42 and 43 have their respective 

complementary inclined surfaces in engaging relationship, 
and they are interposed between the bottom of the cut 
ting tool 40 and the bottom of the channelway defined 
by the tool base member 44. In this form of the inven 
tion, the base 40A of the cutting tool 40 is rendered flat 
or horizontally disposed. Likewise the upper surface 43A 
of the upper wedge member 43 is horizontally disposed 
with respect to the bottom 40A of the cutting tool. 40. 
Consequently, when opposite forces F1 and F2 are applied 
on the opposed ends of the respective inclined wedges 
42, 43 to effect relative movement therebetween, the ar 
rangement is such that the cutter tool 40 is radially dis 
placed. Accordingly, each of the integrally connected 
cutters 41 thereof will simultaneously pierce the wall por 
tion of the preformed tube 2A. Thus, in this form of 
the invention, all of the respective port openings 20 are 
simultaneously formed upon the application of a force F1 
or F2 applied to the ends of the respective inclined planes 
42, 43. 

If desired, a female die 28 may be cooperatively asso 
ciated with the cutter 41 in the manner hereinbefore de 
scribed with reference to FIGS. 1 and 2 to determine the 
size and shape of the respective port openings 20 to be 
formed. 
The method for forming a plurality of port openings 

20 in the surface of a preformed tube 21, in accordance 
with this invention comprises, the steps of internally brac 
ing or supporting the wall of a preformed tubular member 
in a manner to permit the insertion therein of a cutting 
tool 21 or 40 constructed so as to pierce a plurality of 
port openings through the suface of the preformed 
tubular member when radially displaced. Displacement 
of the cutter is attained by positioning a wedge member 
25 or 42, 43 between the cutting tool 24, 40 and a wall 
portion of the tubular member. An axial force is then 
applied to the wedge member so as to effect a longitudinal 
displacement thereof whereby the cutting tool 24 or 40 
cooperatively associated therewith is radially displaced to 
pierce the port openings in the surface of the tubular 
member. 

In one form of the invention, the plurality of inde 
pendently operated cutters 26 are successively and pro 
gressively displaced as the wedge member 25 is moved 
relative thereto. With this method, the port openings 
20 are formed with a minimum of instantaneous force 
being applied to the inclined plane. 

In another method, the cutting tool 40 is actuated in a 
manner in which all of the port openings 20 are pierced 
simultaneously. This is attained by utilizing a cutting 
tool 40 having a plurality of integrally connected cut 
ters 41 and a pair of cooperating wedge members 42, 43 
having complementary Surfaces arranged so that the radial 
displacement cutting tool 40 is proportional to the rela 
tive displacement of the respective planes. 
With either of the above methods the size and shape 

of the respective port openings can be varied by utiliz 
ing a cooperating die member 28. Also cutters of vari 
ous sizes and shapes may be employed to obtain any 
desired shape or size of port openings. 

While the instant invention has been described with 
respect to particular methods and embodiments thereof, 
it will be readily understood and appreciated that vari 
ations and modifications of the invention may be made 
without departing from the spirit or scope thereof. 
What is claimed is: 
1. A method of simultaneously forming a plurality 

of port openings in a wall portion of a preformed tubular 
member comprising the steps of, 

(a) internally Supporting along the length of said tu 
bular member a circumferential wall portion thereof 
So as to prohibit distortion thereof, 
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6 
(b) positioning a cutting tool having a series of inte 

grally connected spaced cutters within said tube for 
piercing a series of spaced port openings in a wall 
portion of said tubular member, 

(c) Supporting said cutting tool on a pair of comple 
mentary Superimposed members having inclined 
planes extending into said tubular member whereby 
said cutting tool is adapted to be radially displaced 
upon relative movement between said members hav 
ing inclined planes, 

(d) and applying an axial force to said members hav 
ing inclined planes whereby relative axial displace 
ment of Said members effects the simultaneous pierc 
ing of Said cutters through the wall portion of said 
tubular member. 

2. A means for forming a plurality of port openings 
through a wall portion of an elongated preformed tubular 
member comprising, 

(a) an elongated tool base adapted to be fitted into 
the bore of said tubular member to prohibit the 
distortion of said tubular member, 

(b) said tool base having an external contour closely 
conforming to a circumferential portion of the in 
ternal Wall Surface of said tubular member to brace 
the same, 

(c) and said tool base having a longitudinally ex 
tending channelway formed therein opening to the 
unbraced circumferential wall portion of said tu 
bular member, 

(d) a cutting tool including a plurality of longitudi 
nally spaced cutters adapted to be disposed in the 
channelway of said tool base within said tubular 
member, 

(e) and means defining an inclined surface disposed 
between the base of said channelway and said cutting 
tool whereby longitudinal displacement of the last 
said means effects radial displacement of the respec 
tive cutters to pierce the wall portion of said tubular 
member to form the port openings therein. 

3. The invention as defined in claim 2 and including: 
(a) a female die adapted to be disposed externally 

of Said tubular member, said die having openings 
for complementing the cutters of said cutting tool 
to control the size and shape of said port openings 
formed thereby. 

4. A means for forming a plurality of port openings 
through a wall portion of an elongated preformed tubu 
lar member comprising, 

(a) an elongated tool base adapted to be fitted into 
the bore of said tubular member to prohibit the 
distortion of said tubular member, 

(b) said tool base having an external contour closely 
conforming to a circumferential portion of the in. 
ternal Wall surface of said tubular member to brace 
the same, , 

(c) and said tool base having a longitudinally extend 
ing channelway formed therein opening to the un 
braced circumferential wall portion of said tubu 
lar member, 

(d) a cutting tool including a plurality of independent 
longitudinally spaced cutters adapted to be disposed 
in the channelway of said tool base within said 
tubular member, 

(e) and means defining an inclined surface disposed 
between the base of said channelway and said cut 
ting tool whereby longitudinal displacement of the 
last Said means effects radial displacement of the 
respective cutters successively and progressively in 
piercing the wall portion of said tubular member 
to form the port openings therein. 

5. A means for forming a plurality of port openings 
through a Wall portion of an elongated preformed tubu 
lar member comprising, 

(a) an elongated tool base adapted to be fitted into 
the bore of said tubular member to prohibit the 
distortion of said tubular member, 
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(b) said tool base having an external contour closely 
conforming to a circumferential portion of the in 
ternal wall surface of said tubular member to brace 
the same, 

(c) and said tool base having a longitudinally ex 
tending channelway formed therein opening to the 
unbraced circumferential wall portion of said tubul 
lar member, 

(d) a cutting tool including a series of integrally con 
nected, spaced apart, cutters adapted to be disposed 
in the channelway of said tool base within Said 
tubular member, 

(e) and means defining a pair of cooperating inclined 
surfaces disposed between the base of said channel 
way and said cutting tool whereby relative longi 
tudinal displacement of the last said means effects 
radial displacement of said cutters to effect a simul 
taneous piercing of said port openings therein. 

6. A means for forming a plurality of port openings 
through a wall portion of an elongated preformed tubular 
member comprising, 

(a) an elongated tool base having a channelway formed 
therein, said tool base being adapted to be fitted into 
the bore of a tubular member, 

(b) said tool base having an external Surface contour 
complementing the internal contour of a circum 
ferential wall portion of said tubular member So as 
to prohibit the inward distortion thereof, and said 
channelway being open to a circumferential wall por 
tion in which said port openings are to be formed, 

(c) a cutting tool including a plurality of longitudinally 
spaced cutters adapted to be disposed in the channel 
way of said tool base, 

(d) and a member having an inclined plane operatively 
associated with said cutters for radially displacing 
the same to pierce the port openings in said tubular 
member. 

7. The invention as defined in claim 6 wherein said 
cutters and said member having cooperating complemen 
tary inclined cam surfaces whereby displacement of said 
member successively and progressively cause said cutters to 
form the port openings in said tubular member. 

8. A device for forming a plurality of port openings 
through a wall portion of an elongated preformed tubular 
member comprising, 

(a) an elongated tool base adapted to be fitted within 
the bore of said tubular member to prohibit the in 
ward distortion of said tubular member, 

(b) said tool base having an external Surface contour 
complementing a circumferential portion of the in 
ternal wall surface of said bore to brace the same, 
and 

(c) said base having a longitudinally extending channel 
way formed therein, said channelway opening to a 
second circumferential wall portion of Said tubular 
memberin which said port openings are to be formed, 

(d) a cutting tool adapted to be disposed within the 
channelway of said base, 

(e) said tool including a plurality of independent cutters, 
each of said cutters having an inclined base portion, 

(f) a spacer interposed between adjacent pairs of Said 
cutters to space one cutter from another, 

(g) a means defining an inclined plane, 
(h) said inclined plane complementing the inclined 
base of said cutters, 

(i) and said means and said cutters being relatively 
movable so that upon the application of an axial 
force to said means longitudinally of said base, the 
respective cutters are successively and progressively 
cammed to pierce said port opening in said second 
circumferential portion of said tubular member. 

9. The invention as defined in claim 8 and including: 
(a) a female die adapted to be disposed externally of 
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8 
said tubular member opposite said second circum 
ferential wall portion, 

(b) said die having a series of openings complementing 
said cutters to control the size and shape of said port 
openings formed thereby. 

10. A device for forming a plurality of port openings 
through a wall portion of an elongated preformed tubular 
member comprising, 

(a) an elongated tool base adapted to be fitted within 
the bore of said tubular member to prohibit the in 
Ward distortion of said tubular member, 

(b) said tool base having an external surface contour 
complementing a circumferential portion of the in 
ternal wall surface of said bore to brace the same, 

(c) said base having a longitudinally extending channel 
way formed therein, said channelway opening to a 
Second circumferential wall portion of said tubular 
member in which said port openings are to be 
formed, 

(d) said channel having a substantially V shaped bot 
form, 

(e) a cutting tool adapted to be disposed within the 
channelway of said base, 

(f) said tool including a plurality of independent cut 
ters, each of said cutters having an inclined base por 
tion, 

(g) a spacer interposed between adjacent pairs of said 
cutters to space thereon one from the other, 

(h) a means defining an inclined plane, 
(i) said inclined plane complementing the inclined 

base of Said cutters, and a V shaped bottom com 
plementing the bottom of said channel, 

(j) said inclined plane and cutters being relatively mov 
able so that upon the application of an axial force to 
said means defining the inclined plane longitudinally 
of said base, the respective cutters are successively 
and progressively cammed to effect the piercing of 
said tubular member to define the portion openings 
therein. 

11. A means for forming a port opening through a wall 
portion of a tubular member comprising, 

(a) an elongated tool base adapted to be fitted into said 
tubular member to internally support walls of said 
members against distortion thereof, 

(b) said tool base having an external surface contour 
complementing the internal contour of said tubular 
member, 

(c) a cutting tool means adapted to be inserted into 
said tubular member, 

(d) wedge means interposed between said base and 
said cutting tool means whereby displacement of said 
Wedge means longitudinally of said tubular member 
effects radial displacement of said cutting tool means 
toward the wall of said tubular member to effect the 
piercing of said tubular member to define a port 
opening therein, and wherein said wedge means has 
an inclined surface and said cutting tool means in 
cluding a plurality of independent spaced cutters sup 
ported on said inclined surface whereby axial dis 
placement of said wedge means causes said cutters to 
Successively and progressively pierce port openings 
in said tubular member. 

E2. A means for forming a port opening through a wall 
portion of a tubular member comprising, 

(a) an elongated tool base adapted to be fitted into 
said tubular member to internally support walls of 
said members against distortion thereof, 

(b) said tool base having an external surface contour 
complementing the internal contour of said tubular 
member, 

(c) a cutting tool means adapted to be inserted into 
said tubular member, 

(d) wedge means interposed between said base and 
said cutting tool means whereby displacement of said 
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wedge means longitudinally of said tubular mem- References Cited by the Examiner 
ber effects radial displacement of said cutting tool UNITED STATES PATENTS 
means toward the wall of said tubular member to 
effect the piercing of said tubular member to define 295,090 3/1884 Whitman --------- 83-191 X 
a port opening therein, and wherein said wedge means 5 750,746 1/1904 Woodburn ----------- 83-191 
comprises a pair of complementary members having 1,521,866 1/1925 Carlson ----------- 83-191 X 
inclined surfaces and said cutting tool includes a 1,790,515 1/1931 Trumble ---------- 83-191 X 

2,297,415 9/1942 Johnson --------- 166-55.3 X plurality of integrally connected spaced cutters sup 2,315,437 3/1943 Luccons ----------- 166-55.3 ported on said wedge means whereby displacement 
of said pair of complementary members relative to . O 
each other effects simultaneous piercing of said 10 WILLIAM W. DYER, JR., Primary Examiner. 
cutters through said tubular member. L. B. TAYLOR, Assistant Examiner. 


