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naxing perforated plates and more partlcularly
ple es havmg 5 large number of accurate closely

spaced holes, such as the header plates used An
rad1ators and oil coolers of the type descrlbed in

th Woods Patent No. 2, 298 ,996 dated October 13,

N g'l isa plan view.
‘_‘Flg 2 i5 a side elevation.

Flgs 3, 4, 5,.6 are plan views showmg the

punched holes spacmgs

Fig. 7 is a plan view of the holes before trueing.

. Fig, 8 is an elevation.of a frueing pin, .

Fig, 9 is an elevation showing the trueing of the
holes punched,

Figs. 10, 11 are elevatlons showmg the trueing
operat1on L

Fig,.12'is an elevatlon of the product L

Heat exchange apparatus of that {ype employs
a very. large number of closely spaced thin wall
tubes.. As an example, a typical oil ecooler for
alrcraft may use about 2600 tubes, each of .210""
out51de dlameter and spaced .250'’ on. centers.
Inthe header the web of metal between adjacent
tubes is" ‘thus only 040", The manufacture of
header plates of such type is extr ‘emely d1fﬁcult
since, if the holes are punched 1nd1v1dually or in
small groups, the metal creeps so that. it is im-
possible to mamtam accurate dxmensmns On
the. other hand punching of all of the holes. at
one t1me is dn’ﬁcult because the punches must be
S0 close togethe1 that adequate support cannot be
provided for them.

‘According to the present invent ion, the header
plates are punched while flat w1th gang dies which
substantlaﬂy span the entire area:. The holes are

punched in several, preferably four, operations

whereby in the first punching operatlon a series of
regular but Wldely spaced holes is formed and in
the subsequent operations the spaces between the
original holes are punched in regular order.

It has been'found that by this procedure, even-

thoucrb the-holes are properly spaced on centers,
the webs are distorted and the holes formed in the
original punching operation are partially closed
up.  Efforts have been made to round and size
the holes by reaming but this is siow and expen-
sive. According to the present invention the
plates are quickly and easily sized by stacking
them in piles with loose pins extending -through
the holes. Starting with a single pr onelly formed
master sheet tHe sucecessive sheets ] may be stacked
with assiirance that the pins, will enter the holes
and bring them to the proner size and spacing.
Preferably a sheet t6 be used is removed from the

The'present mventmn relates to methods of'
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bottom of the stack ‘3’ new sheet to- be sized is
placed on top and the entire stack is put inia’
press whereby the pins are: forced 1nto the holes
of the new sheef. - - =

The invention will e descrlbed in ,onnection
with a method of making headers approximately

11" in diameter and having approx1mate1y 2600
holes each 210"’ in- diameter and spaced-.250%
on centers.  The plate 6 from which the headersv
is formed is as shown in PFig. 1 or1g1nally about

13’’ square and is prov1ded at diagonally opposite
corners with dowel holes' 8 to line up the plate
for the several .operations.. The' area -wWithin
which the holes are to be punched'is indicated by
the dot-and-dash line boundary 10 in Fig.-1.’ .

If all the holes were to be punched “in“one
operation, the punches could not he sat1sfactor1ly
supported because the space between them wotild
be only about .040’’. - Furthermore, as. prev1ously1
stated, it-is not sat1sfactory to punch’the: holes,
1nd1v1dually or in small groups because the creep
of the metal would make it impossible to mamtam'
dimensions. Accordingly, the plate is punched 1nf
four punching operations, each with a'gang punch
having approximately 650 individual punches.
In each operation, therefore; the holes are spaced’
%’ on centers to afford sufficient space between'
adjacent punches for adequate support: "In’ the"
first punching operation shown in Fig. 3 the holes’
are punched at the places indicated by the stip-
pled circles; in the second operatlon (Fig. 4) an~
other set of holes is punched as indicated by the
plain circles; in the third operation (fig. 5) the
holes are punched as indicated by the circles with’
stippled centers; and in the fourth operation
(Fig. 6) the holes are punched as indicated by
crosses. An elevation of a punch for one of the’
operations is indicated diagrammatically in Fig. 2
wherein the plate is supported on a bed {2 and’
held in proper position by dowels 14. A gang
punch ‘{6 provided with individual punches I8'
is used for the punching operation. .

Four separate punching operations with sepa-‘ .
rate punches are breferred. It is possible to'use
a single punch and move the plate with relatlon'
to it for the different operations, but some of the
punches must be left off near the penphery,?
otherwise some holes ‘would extend beyond the
circular boundary 19. This method would neces-
sitate punchlng few of the holes by hand after
completlon of the gang punchmg operatmns In
any case, the actual arrangement of the |
will depend upon the lay-out which is T ily
termined in advance The 1mportant feature is
that “each punching operatlon encompasses the’
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entire surface so that there is no temdency for
metal creep which would distort the dimensions
at the completion of the operation. The holes
are spaced as indicated in the group shown in the
upper part of Fig. 1 and in Fig. 6.

In all punching operations subsequent to the
first, the holes and webs are necessarily distorted,
even though the punched holes are properly lo-
cated on centers. Thus, after the last operation,
the holes which were punched in preceding oper-
ations may be partly closed as indicated in exag-
gerated way in Fig. 7. The hole formed in the
last punching operation is shown in the center

and the holes formed in preceding operations are.

shown around it. Since many of the holes are
now out of round, the tubes could not be inserted
into them. A reaming operation would. be slow
and expensive and would further remove some
of the metal of the webs and thus reduce the
strength of the plate. According to the inven-
tion, a hole trueing and sizing operation is now
performed. Previous fto the sizing operation,
however, a sheet.is first run through a straight-

ening or flattening machine of conventional form

to.remove any waves or buckles that might have
béen occasioned by the punching operations.
The hole sizing operation is accomplished by
stacking several plates over pins of special form,
one pin being used for each hole. As shown in
Fig. 8, each pin 20 comprises & central body por-
tion. 22 having an outside diameter correspond-
ing to the proper hole size. Each pin has a
tapered top end portion 24 of a length somewhat
greater than the thickness of one sheet, and a
shouldered bottom portion 26 of a length some-
what greater than the thickness of a sheet and
of a diameter considerably smaller than the body
portion 22. It is necessary to- use one pin for
each. hole, that is 2600 pins are necessary for the
header design described herein. In Fig. 10 there
is. shown a stack of seven plates. The body por-
tions of the pins 20 extend through the holes of
the four bottom plates while the fifth plate has
been: engaged by the tapered portions 24 of the
pins. The sixth plate is shown with the pins
entering the holes, and a seventh plate may he

placed on top. The four bottom plates have had

their holes aligned and sized by the pins, and
the. upper plates are ready for alignment by the
pins. The stack is placed on the bed 30 of a
press, the top plate being aligned with the stack
by means of the dowels {4, as shown in Fig. 9.
The entire stack is then subjected to pressure by
a ram. In the process of moving all of the plates
downwardly in relation to the pins, the tapered
portion of the pins find their way into the holes
of the upper plate or plates as shown in Fig. 11.
The bottom plate is freed from the pins because
of the provision of the shouldered portions 26.
The bottom plate shown in Fig, 11 is now finished
and may be removed after removing the stack
from the dowels.

. For each sizing operation, therefore, one plate
is. applied to the top of the stack, the stack is
pressed, and the completely sized plate is there-
after removed from the bottom in a series of
pressing operations, being advanced by an
amount equal to its own thickness on each opera-
tion. Since the pins are the correct outside di-
ameter for the formation of the holes, the holes
are pressed out to proper shape and the webs are
brought to uniform proper size. It will be under-
stood. that. the portions 22 of the pins may be of
any desired length and that the stack will be of
a corresponding height. It has been found satis-
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factory to use a pin length which will accommo-
date about four plates on the portion 22, as indi-
cated in Figs. 10 and 11.

For this operation, it is necessary to start with
a sheet in which the holes have been properly
formed by reaming or any other suitable opera-
tion. After the process is once started, however,
the stack forms its own pin-locating means. It
has been found that the dimensions are main-
tained true even after thousands of sizing opera-
tions. In other words, the positioning of the pins
by previously formed plates and without any
other centering or aligning means has been
found adequate.to continue the sizing and align-
ing operation indefinitely.

Each plate, after having its holes thus sized, is
cut on the line indicated at 36 in Fig. 1 and is
formed with a flange 38 to form the completed
header shown in Fig. 12. The tubes may then be
inserted as described in the above mentioned
Woods patent with assurance of proper tube
spacing. It will be understood that a burr neces-
sarily appears around each hole as a consequence.
of the punching operation. In the hole-sizing;
operation a burr is pushed upwardly by the pas-
sage of each plate over the pins. In the flanging
operation for manufacture of the completed
header, the flange is turned. in such a. direction
that the burrs are on the opposite side of the
plate therefrom. That is fo say, the burrs are
on the inside of each header plate. Owing to
proper sizing of the holes, the burrs do not inter-
fere with the insertion of the tubes. It is prefer-
able to have the burns on the inside surface of the

. header plates since if they were on the outside.

surface, they would interfere with the flow of
brazing material by which the tubes are later
secured to the headers as described in the Woods
Patent No. 2,389,175, dated November 20, 1945.

It will be seen that the present invention com-
prises two main features: first, the method of
punching in several operations, with each op-
eration encompassing substantially the entire
area. of the perforated sheet, and second, the
sizing and trueing operation with individual pins.
Although the punching method, as herein de-
seribed, utilizes four operations, it may be car-
ried out in any number of operations, depending
on the number of holes; thus for a 24’’ header
having about 10,000 holes, it has been found satis-
factory to perform twelve operations, forming
about 750 holes in each operation. In any case,
it is important that the holes formed in any op-
eration. be not localized in a part of the sheet,
but that they be spaced to span or encompass the
entire perforated area. In this way the dimen-
sions of the sheet are preserved and the proper
hole spacing is maintained. The fact that the
hole spacing is maintained, even though some
holes may he distorted in shape, makes it possible
for the individual pins to enter the sheet for the
hole sizing operation of Figs. 9 to 11.

Having thus described the invention, we claim:

1. A method of making perforated plates hav-

> ing a large number of closely spaced holes sep-

arated by narrow webs, which consists in form-
ing the holes by punching, forming a stack of
plates in which a sizing pin is inserted into each
hole of each plate of the stack, each pin having
a tapered portion at one end and a portion of re-
duced size at the other end, and compressing the
stack to apply a new plate to the tapered por-
tions of the pins and to free a trued plate at the
reduced portions of the pins.

2. A method of trueing holes in perforated
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plates having a large number of close, regularly
spaced punched holes separated by narrow webs,
which consists in forming a stack of plates with
the holes in register, each hole of each plate hav-
ing inserted thercin a sizing pin having a central
portion of correct diameter for hole sizing, each
pin having a tapered portion at one end and g
reduced portion at the other end, applying a new
plate over the tapered portions of the pins, and
compressing the stack to cause the pins to enter
the new plate and to free a trued piate from the
pins at the reduced portions thereof.

3. A method of making perforated plates hav-
ing a large number of closely spaced holes which
consists in punching the holes in a series of op-
erations in which the holes formed in each op-
eration encompass substantially the entire area
of the sheet, the holes for any single punching
operation being spaced at distances greater than
the ultimate hole spacing, the punching opera-
tions subsequent to the first forming holes in
areas between the holes formed in preceding op-
erations, whereby the sheet dimensions and the
hole spacings are maintained, and trueing the
holes by placing said sheet on a stack of similar
previously formed sheets in which a sizing pin is
received in each hole, each pin having a tapered
portion for entry into a registering hole of the
new sheet, each pin having a reduceq portion at
the end opposite the tapered portion, and com-
pressing the stack to apply the new plate fo the
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stack and to free a trued plate from the reduced
portions of the pins.

4. A method of trueing holes in perforated
plates having a large number of close, regular-
ly spaced punched holes separated by narrow
webs, which consists in forming a stack of plates
with the holes in register, each hole of each plate
having inserted therein a sizing pin having a cen~
tral portion of correct diameter for hole sizing,
each pin having reduced end portions, applying
a new plate to the stack with its holes in register
with the pins, and compressing the stack to cause
the pins to enter the new plate and to free a trued
plate from the reduced portions at one end of the
pins.

JOHN E. WOODS.
JOSEPH J. McMAHON.
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