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To all whom it may concern: 
Beit known that I, GEORGE PAUL THOMAS, 

residing at Glenshaw, in the county of Alle 
gheny and State of Pennsylvania, a citizen 
of the United States, have invented or dis 
covered certain new and useful Improve 
ments in Metal-Punching Operations, of 
which improvements the following is a speci 
fication. - 

The invention described herein relates to 
methods of operating punching machines to 
the end that plates or like structural arti 
cles may be provided with holes lying in 
the arc of a circle or in arcs of concentric 
circles, 

It is well known that, in plates intended 
to be used in the manufacture of boilers, 
tanks, stacks, conduits and like cylindrical 
cr curved structures, it is necessary or de 
sirable to have the finished form of the 
plate that of a portion of the curved sur: 
face of a cone. For example, in cylindrical 

able that the lower curved edge of each 
plate lie outside of the upper curved edge 
of the adjacent lower plate to which it is 
connected, the result being that each plate 
must be conical in form. Now to provide 
such plates with holes so that they may be 
accurately riveted together, the holes in the 
opposite curved edges of the plate must, 
before the plate is bent, lie in arcs of con 
centric circles; and furthermore, pairs of 
holes in opposite edges must lie in the lines 
passing through the center of such circles. 
The problem that has continually con 
fronted and vexed those concerned with the 
fabrication of such structures has been to 

40 

45 

provide a practical and feasible method of 
operating the essential punching machinery 
to the end that plates may be accurately 
punched in the manner described, and par 
ticularly when a considerable number of 
like plates are required. in thus speaking 
of essential punching machinery, I refer to 
such machinery as is now, and for a long 
time has been, considered indispensable in 
eccnemic punching of structural material, 
namely a punching machine comprising a 
punch and a work carriage movable to and 
from the punch and by which carriage the 
work is brought into proper positions for 
punching. 
Warious 

and methcd of operating the same have been 
suggested for the purpose. Contemplated by 

Specification of Letters Patent. 

advances. 
type is shown in United States Patent No. 

Patented Mar. 14, 1916. 

my invention, but none have proven satis 
factCry or practical. Of such machinery, 
and the principles of operation on which 
they have been constructed, two need special 
mention herein, first because they represent 
the types of a large proporticn of machin 
ery suggested heretofore, and secondly be 
cause a knowledge of them is of material 
assistance to a full understanding of my in 
vention. In the first of said forms or types of punching machinery, the punch is placed 
in position and the plate to be punched is, 
While being supported on a carriage, swung 
bodily about the center of the arc or arcs 
in which it is desired that the holes should 
lie. As examples of machines of this sort, 
reference may be had to the disclosures of 

and No. 793,051 to Chapman. In the former 
the tracks are curved in arcs of circles con 
centric with those in which it is desirable to 
punch the plate, and the carriage with its 

stacks constructed of steel plates, it is desir-" Supported plate manifestly moves about the 
common center of curvature. In the latter. 
the plate is dragged by means of a carriage 
moving in a straight line at right angles to 
the line of punches, and the plate, slidable 
upon its Supporting guides, is caused to 
move around the general center of curva 
ture by means of a curved guide. The 
principle of operaticn of machines of this 
general character is correct-that is to say, 
the opposite edges of the plate may be 
punched in true arcs of concentric circles, 
and the pairs of holes in such arcs will lie 
in lines passing through the center of curva 

guides to suit the different required curva 
tures is both difficult and time consuming, 
and it is believed that it is for this reason 
that machines operating on this principle 
have not been adopted in actual practice. 
In the second of said forms or types of 
punching machinery, the punch is in fixed 
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ture of such arcs. However, it is apparent 
that the accurate bending of tracks, or 
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pcsition, and the carriage moves in a 
straight line adjacent to it. The plate to be 
punched is carried upon a platform or table. 
which is so pivoted to the carriage that it 
may swing in a horizontal plane, and a 
straight line guide, adapted to be adjusted 
at various angles to the line of advance 
of the table, is provided to cause the table 

forms of punching machinery to turn on its pivotal axis as the carriage 
Punching machinerv of this 
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of the punches adiacent thereto as 

2 

501,152 to Mohr. It has long been recog 
nized that, while such punching machinery 
when operated in its intended manner will 
cause holes to be punched in curves, such 
curves are not the arcs of circles. The re sult is that when plates are punched with 
such machinery the holes will not match 
accurately, and the greater the required 
curvature (that is to say the smaller the 
radius of curvature) the greater the error. 
With the foregoing explanations i 

mind, the object of my invention is to pro 
vide a method of operating punching ma 
chinery of the second described type (that 
is, machinery wherein the carriage moves in 
straight tracks and the plate is pivotally 
supported thereon and turned by a straight 
guide disposed at an angle to the carriage 
track or line of advance) so that plates may 
be punched with the same precise degree of 
accuracy as when punched by machinery of 
the first described type. 
My invention proceeds upon my discov 

ery, which having been made is capable of 
precise demonstration, that by observing 
certain relations, which will be fully ex 
plained hereinafter, a plate may be punched 
with holes lying on concentric arcs of cir 
cles by pivotally mounting it on a carriage 
which is movable along straight line tracks 
adjacent to the punch, by causing the plate 
to rotate upon its pivotal axis while the car 
riage is advanced, and between successive punching operations causing the punch and 
carriage to move. One with respect to the 
other in a direction transverse to that of 
the carriage advance. 

In describing my invention reference is 
had to the accompanying sheets of drawings, 
wherein 

Figures 1 and 2 are diagrams of a plate 
and punches; Fig. 3 a plate showing con 
venient ways of determining distances for 
advance and lateral movements: Fig. 4 a. 
combined sectional view of a work-carriage 
and end elevation of a punch on which my 
invention may be practised, the plane of 
view being indicated by the line-IV-IV, 
Fig. 5; Fig. 5 a sectional view and side ele 
vation taken on the line V-V, Fig. 4: Fig. 6 
a secticnal view taken on the line VI-VI, 
Fig. 5; Fig. 7 a sectional view taken on the 
line VII-VII, Fig. 4; and Fig. 8 a plan. 
view of the work carriage and the portions 

illus 
trated in Figs. 4 and 5. - 
In the several figures like numerals are 

used to designate like parts. 
In describing my improved method in de 

tail, I will first explain it with reference to 
the diagrammatic figures, and then with 
reference to the machinery. 
In Fig. 1 I have indicated, in the most convenient relative positions for explana 

tion, a plate to be punched, the punches and 
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the lines for determining the punching 
points and the travel of the plate. The 
plate A is pivoted substantially at its cen 
ter 1, and this point is shown as lying in 
the line (hereinafter referred to as the 
punching line) drawn between the two 
punches 2 and 2', situated at opposite sides 
of the plate in positions to punch holes in 
the concentric arcs 3 and 3, respectively. 
The center of curvature of the arcs is indi 
cated at 4, and the points to be punched are 
the intersections of the radial lines 5, 5, 
59, 5° and 5d and the arcs 3 and 3. Of course 
in actual practice many more holes are 
punched in each plate than for illustrative 
purposes are indicated in this figure. The 
line of advance of the pivot point 1 is, as 
is indicated by the broken line 6, perpen 
dicular to the punching line, which is the 
usual practice in punching machinery for 
this purpose, although, as will presently ap 
pear, it is not essential to the practice of my 
invention that such perpendicularity be ob 
served. As will be seen, the plate A is in 
dicated as being in the proper position to 
punch holes at the intersections of the radial 
line 5 with the arcs 3 and 39, such radial 
line coinciding with the punching line. 
I will now explain the essential move 

ments of the punching machinery and plate 
to bring the parts to the proper relative 
positions to punch holes at the intersections 
of the line 5 with said arcs, it being under 
stood that the line 5 represents any line 
passing through the center of curvature 4 
and intersecting the arcs 3 and 3. In the 
first place it is necessary to determine the 
effective point of engagement of the plate 
for turning it and at what angle to the line 
of advance 6 the straight line guide for 
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Such point must be set in order to properly 
turn the plate upon its pivotal point as the 
plate is advanced. When, as is usual, the 
line 6 is perpendicular to the punching line, 
the effective point of engagement of the 
plate may be any point determined by the 
intersection of any radial line passing 
through the center of curvature 4 and a line 
perpendicular to such radial line and passing 

15 through the pivot 1 and when such pivot 
lies in the punching line, the guide line angle 
with the line 6 is the angle made between 
the line 6 and the line passing through the 
effective point of engagement and the pivot 
point. For example, the point, being the 
point of intersection of the radial line 5 and 
a line 8 drawn perpendicular to the line 5 
and passing through the pivot point 1, may 
be taken as the effective point of engage 
ment of the plate. When such point is thus 
chosen, and caused to move along the line 8 
as the pivot point 1 is simultaneously moved 
along the line 6, any radial line, as for ex 
ample the line 5, will be brought to the 
position of the line 5, that is to say it will 
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be brought to a position wherein it co 
incides with the punching line. 

Fig. 2 shows the relative positions of the 
parts and lines when the plate is advanced 
and turned as thus described. It will be 
observed first that the center of curvature 
4 has moved from its former position 4 
toward the punches 2 and 2, and along the 
punching line, and secondly that the point 
7 has moved along the line 8 from its origi 
nal position 7, the pivot point 1 remaining 
on the line of advance 6. That this relation 
actually exists may be readily demonstrated 
by a geometric consideration of the triangles 
1, 4, 7 and 1, 4, 7. It remains now to 
state that this advance movement and rota 
tion of the plate A will not of itself bring 
the plate to a position to be punched on the 
arcs 3 and 3. There must be a relative lat 
eral movement between the plate and the 
punches, such movement being measured by 
the distance between the points 4 and 4. 
This may be accomplished between succes 
sive punching operations either by moving 
the punches themselves or by simultane 
ously moving the work carriage, its straight 
line tracks represented by the line 6, and 
the guide represented by the line 8. 

From the foregoing description certain 
relations will be readily understood without 
entering into further detailed explanations. 
In the first place it will be observed that as 
far as the movements of the parts are con 
cerned, holes may be punched in any de 
sired number of concentric circular arcs, 
and that the plate to be punched may be 
any fraction or multiple of that shown. 
Such being the case, it will be seen that the 
effective point of the plate may be at any 
convenient point within or without the area 
of the plate, and that the effective point of 
engagement of the plate may be chosen as 
desired providing it fulfils the conditions al 
readv explained. Furthermore, by a geo 
metric consideration of the triangle 18, 4, 
7 and 1, 4, 7, it will be seen that the line 6 
is not necessarily perpendicular to the 
punching line. 

Before explaining the construction and 
method of Operation of a concrete example 
of punching machines in which my inven 
tion may be practised, I will briefly describe 
a convenient Way of determining the dis 
tances, which, between successive punching 
operations, it is necessary to advance the 
work carriage, and also the corresponding 

- increments of relative lateral movements 
between the carriage and punches. 

Fig. 3 shows a plate A in which holes are 
to be punched on the concentric arcs 3 and 
3° at their intersections with the several 
e?ually Spaced radial lines 5, 5, 5, etc. 
The pivot point 1 of the plate is on the ra 
dial line 5 which is the middle of the sev 
eral Said lines, and the arc 3 passes through 

... 8 

the point 1 and is concentric with the arcs 
3 and 3. Now, if the radial line 5 were in 
the punching-line, the distance necessary 
to advance the carriage to bring the line 5 
to such punching-line is the distance b, 
that is the distance between lines drawn 
parallel to the radial line 5' and passing 
through the intersections of the radial lines 
55 and 5 with the arc 39. In the same way 
the distances c, d and e represent the neces 
Sarv advances to successively bring the ra 
dial lines 5", 5 and 5 to the punching-line; 
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and, since the plate shown herein is sym- .. 
metrical about the radial line 5, the Suc 
cessive distances which the carriage must 
be moved to bring the radial lines 5°, 59, 
5 and 5 to the punching-line are, respec 
tively, the distances e, d, G and b. 

Bearing in mind that the radial lines. 5, 
5°, etc. are spaced evenly, the relative lat 
eral movement between punch and carriage 
which must be effected between the punch 
ing of holes on the radial lines 5 and 55 
is the distance 5. As will be seen, this is 
the distance between a line drawn from 
the pivot point 1 perpendicular to the radial 
line 5 and a second line drawn from the in 
tersection of the radial line 5 with the 
arc 3 and parallel with the line drawn 
from the point 1. This is true, of course, 
only when the space between the lines 
55 and 5 is equal to that between 5 
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and 5°. However, the principle underlying 
this manner of obtaining the lateral move 
ment distances may be applied when the 
spacing intervals are not equal by-laying 
off on the arc 3 the spacing intervals in 
the reverse order. 

punching on the lines 5, 5 and 5 
are, respectively, 6', d' and e'. When the 
pivot point of the plate passes the radial 
line 5, the Successive lateral movement 
distances for punching on the lines 5°, 
59, 5, and 5 are respectively e', d', a 
and b', but in the opposite direction to the 
movements effected while the pivot point 1 
approaches the punching line. . . . 

it will be understood that the two sets 
of distances described above may be ob 
tained in other ways. The procedures which 
have indicated are simple and lend them 

selves readily to computation or laying out 
in templet shop. Since the accuracy of their 
underlving principles may be mathemati 
cally demonstrated, further explanations 
are Innecessary. 
The punching machine illustrated herein 

is particularly adapted to carry out the 
method of operation described above. The 
machine is not claimed in my present ap 
plication, but except for the carriage driv 
ing mechanism, is fully 
claimed in another application, Serial No. 
:32,595, filed of even date here with. The 

In a similar Way, the 
successive lateral movement distances for 

described and . 
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carriage driving mechanism is described and 
claimed in my earlier pending application, 
Serial No. 879,275. And because a full de 
Scription of the several features of construc 
tion of the machinery shown herein is found 
in Said applications, the present explanation 
of the machine will be as brief as possible 
consistent with an adequate understanding 
of my present invention. 
As already stated, the relative lateral 

movements between punches and carriage 
may be effected by moving either punches or 
carriage or both. 

riage comprises a truck frame 11 adapted 
to travel on suitable tracks 13, and a turn 
table 12 pivoted as at 14 to such table. The 
opposite ends of the table are provided with 
transversely - extending longitudinally-ad 
justable bars 15 and 15, which in turn carry 
clamps 16 for holding a plate in its adjusted 
position on the table; and, to cause the table 
to turn as the carriage advances, the bar 15 
is further provided with a laterally adjust 
able block 17 to which an arm 18 is pivoted 
as at 19. This arm engages, at its outer end, 
a guide 20, which may be adjusted at any 
desired angle to the line of advance of the 
carriage; also the arm is, by means of a 
forked member 21 secured to the frame 11, 
held at Substantially a constant angle to the 
line of advance of the carriage during such 
advance. In attaching to the carriage a 
plate, such as shown in Figs. 1, 2 and 3, the 
determined pivot point 1 of the plate is 
placed in vertical alinement with the pivot 
point 14 of the table, the plate is adjusted 
so that the l'adial line 5 will coincide with 
the punching line when the carriage has 
been advanced, and the block 17 is so ad 
justed laterally that the pivot point 19 of 
the aim 18 is in vertical alinement with the 
effective point of engagement 7 of the plate. 
Also, the guide 20 is adiusted so that it 
makes, with the line of advance of the car 
riage, the same angle as the line 7 makes 
with the line 6 (Figs. 1 and 2). Thus it will 
be seen that the effective point of engage 
ment of the plate will be caused to follow 
the required line during the advance of the 
carriage. 

Before describing the means for advanc 
ing and stopping the carriage, will briefly 
explain the construction and operation of 
the punching machines. They comprise 
frames 22 and 22, mounted for lateral 
movements upon beams 23 and 23, and pro 
vided with punching heads 24 and 24 
adapted to be reciprocated in the usual man 
ner by the rotation of shafts 25 and 25. As 
will be seen the heads 24 and 24 are pro 
vided with punching tools 36 and 36°, which 
correspond with the punches 2 and 2 dia 
grammaticallv shown in FigS. 1 and 2, and 

in the present machine 
the punches, including frames and driving 
connections, are thus moved. The work car 
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it will be understood that a line between 
these punches is the punching line hereto 
fore mentioned. For reciprocating the 
punching heads a single motor 26, through 
pinions 27 and 28 drives a shaft 29. The 70 
driving connections from this shaft to the 
shaft 25 comprise pinions 30, 31, shaft 
32, and pinions 33 and 34; while the shaft 
25 is driven through connections bearing 
similar reference characters, the pinions 30 
being feathered to the shaft so that the 
punch frames may be adjusted with respect 
to each other. For effecting such adjust 
ment the punch frames are connected to each 
other by an oppositely threaded shaft 35, as 
seen in Fig. 6. The lateral movement of the 
punches is, in this embodiment of my inven 
tion effected manually. For this purpose 
the lower side of the frame is provided with 
a rack 37 which meshes with a pinion: 38. 
secured to a shaft 39 adapted to be turned 
by a hand wheel 40. The extent of each 
lateral movement of the punches may be 
determined visually, as by a pointer 41 se 
cured to a support 42, and a scale 43 borne 
by the frame 22; or stopping mechanism 
may be provided for arresting the punches 
when they have been moved the required dis 
tances. As shown herein, such mechanism 
consists of bars 44 and 44 provided with 
adjustable stops and Secured to the support 
42, and coöperating pawls 45 and 45° piv 
otally mounted on an alm 46 projecting lat 
erally from the frame 22. 
through a rod 47, arm 48, shaft 49, arm: 50 
and cam 51 secured to the shaft 25, adapted 
to be lifted from engagement from the stops 
of the bars 44 and 44 after the completion 
of each punching stroke so that the punches 
are free to be moved by turning the hand 
wheel 40 until the next stop of a bar is en 
gaged. The bars and their stops are ar 
ranged to arrest both the right and left lat 
eral movements of the punches, which, as 
already explained, is necessary when the 
plate to be punched is pivoted at its center 
or other intermediate point. As to the spac 
ing of the stops of the bars 44 and 44, it 
will be understood that they should be ar 
ranged at the intervals b, c', d', and e' (Fig. 
3), whether such intervals are obtained in 
the manner already explained or in some 
other way. 
The means shown herein for effecting an 

intermittent advance of the carriage is in 
all essential respects the same as fully shown 
and described in my above mentioned appli 
cation, Serial No. 879,275. They comprise 
instrumentalities for causing the carriage, 
between each punching stroke to move for 
Wardly a distance greater than the largest 
spacing interval, and, after each of such ad 
vances, to move rearwardly into engagement 
with a stopping element. As shown in 
Figs. 4 and 5, the stopping element 52 may 
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be formed on the upper face of a bar 53, 
supported beneath the center of the car 
riage, and adapted to be engaged by a pawl 
54 secured to the truck frame 11. This 
frame is also provided with racks 55 adapt 
ed to mesh with pinions 56 secured to the 
shaft 57, which shaft extends to the left side 
of the punch frame 22. The rotation of the 
shaft 57 in opposite directions is accom 
plished in the same manner as shown in my 
above mentioned application, Serial No. 
879,275, that is to say, by means of pawl 
and-ratchet connections extending from the 
punch reciprocating shaft 25, as is shown 
in Fig. 7 of my present application. As to 
the arrangement of the detents or stopping 
elements 52, it will be understood that they 
are to be spaced at the intervals b, c, d, etc., 
(Fig. 3). 
The operation of the machine shown here 

in is readily apparent from the foregoing 
description. After a plate to be punched 
has been properly adjusted on, and Secured 
to, the table 12, the guide 20 adjusted to the 
proper angle with relation to the advance of 
the carriage, and detent bars 52 and 44, 44" 
properly adjusted, the machine may be set 
in operation by starting the motor 26. The 
punching heads will then be reciprocated, 
and the carriage intermittently advanced, 
by the coördinated driving connections al 
ready explained. The lateral movements of 
the punches will be effected by turning the 
hand wheel 40 in the required direction and 
between each punching stroke. 

It will be understood that, while I have 
shown and described but one machine with 
which my invention may be practised, vari 
ous other machines may be used, and a num 
ber of such other machines are shown and 
described in my application Serial No. 
32,595 filed of even date herewith. 
I claim as my inventicn: 
1. In the operation of a metal-punching 

machine which includes in its structure a 
punch and a work-carriage, the method 
herein described which consists in causing 
the carriage to advance relatively to the 
punch, causing the work to rotate upon the 
carriage, and causing punch and carriage 
to move one with respect to the other in a 
direction transverse to that of the carriage 
advance first specified, said respective trans 
verse movement including the point of ro 
tation of the Work upon the carriage, the 
said three movements being in progress as 
the Work advances through the machine. 

2. The herein described method of oper 
ating a punch and a Work-carriage for 
punching through a plate a line of holes 
lying in the arc of a circle, which method 
consists of pivotally supporting a plate 

5. 

upon a carriage, advancing Such carriage in 
a straight line adjacent to the punch, turn 
ing the plate on its pivot point during Such 
advance of the carriage by guiding a point 
lying in the plane of the plate in a straight 
line intersecting the line of advance of the 
carriage, and between the punching of suc 
cessive holes effecting a relative movement 
between said punch and carriage in a direc 
tion transverse to the line of advance of the 
carriage, said lateral movement including 
the point of pivotal Support of the plate 
upon the carriage. 

3. The herein described method of oper 
ating a metal punching machine comprising 
a multiple punch and work carriage where 
by a plate may be provided with holes lying 
in arcs of concentric circles, which method 
consists of pivotally supporting a plate upon 
a carriage, causing the carriage to advance 
in a straight line at right angles to the 
punching line of the multiple punch, caus 
ing the plate to rotate On its pivot point dur 
ing such advance of the carriage and by 
guiding a point lying in the plane of the 
plate in a straight line intersecting the line 
of advance of the carriage, said point being 
that of the intersection of two lines at right 
angles to each other one passing through 
the pivot point of the plate and the other 
through the common center of curvature of 
the concentric arcs, and the angle between 
said straight line guide and the line of ad 
vance of the carriage being determinable 
with respect to the position of said point, 
and between the punching of successive 
holes effecting a relative movement between 
said punch and carriage in a direction at 
right angles to the line of advance of the 
carriage, said lateral movement including 
the point of pivotal support of the plate 
upon the carriage. 

4. In the operation of a metal punching 
machine which includes in its structure a 
punch movable transversely with respect to 
a piece of work advancing beneath it and a 
work-carriage provided with a turn table 
and movable in the direction of advance of 
Work beneath the punch, the method of Op 
eraticn herein described which consists in 
causing the carriage to advance, the turn 
table to rotate and the punch to move trans 
versely of the advancing work, all in the 
course of advance of a piece of Work through 
the machine. 

In testimony whereof I have hereunto set 
my hand. 

GEORGE PAUL THOMAS. 
Witnesses: 

PAUL N. CRITCHLow, 
FRANCIS J. ToMASSON. 

Copies of this patent may be obtained for five cents each, by addressing the “Commissioner of Patents, 
Washington, D.C.' 
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