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pany, Cleveland, Ohio, a corporation of Ohio 
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(CI. 153-77) 9 Claims. 

This invention relates to cores for heat ex 
change units such as automobile radiators and 
heaters, and has to do with means for and a 
method of corrugating metal strip to be used 
in such cores for forming the air passages thereof. 

It is known, in constructing cores of the-chair 
acter referred to, to provide metal strips formed 

usually of With corrugations or projections, 
Straight line contour, which Strips. When a S 
sembled in the core define between them air 
passages having interior projections for in 
parting turbulence to the air and aSSuring coin 
tact thereof. With the metal of the core. The 
Strips are formed of quite thin metal, Such as: 
electrolytic copper having a thickness of ap 
proximately .0035' and, under present practice, 
usually are formed to desired shape by sub 
jecting them to pressure between opposed form 
ing Surfaces conforming to the desired contour 
of the ultimate form of the strip. During such 2, 
forming operation the thin metal strip is sub 
jected to considerable pressure between relatively 
moving opposed forming Surfaces and is fre 
quently torn or ruptured in the forning - Opera 
tion. That results in objectionable waste of 
metal and also necessitates care in designing the 
final form of the strip. So as to reduce, as far 
as possible, wastage. As noted, the final form of 
the strip usually is So designed that the Cor 
rugations or projections thereof are defined by 
Straight lines, With a view to reducing tear 
ing of the strip and resultant wastage to a mini 
mum. It has been attempted to produce Strips 
having projections or corrugations defined by 
curved lines but, in general, the resultant wast 
age, due to rupture and tearing of the metal, 
when using the present methods above referred 
to, has been So great as to be prohibitive. 
My invention is directed to the production of 

corrugated metal strip of desired final form with 
Out incurring the WaStage of metal. Which occurs 
under the present practice above referred to. 
is directed particularly to the production of cor 
rugated metal strip provided with corrugations 
which are undulatory lengthwise, without sub 
jecting the strip to forming pressure between 
opposed forming and preSSure applying Surfaces 

It 

2. 
of the metal strip so as to avoid subjecting it to 

5 

U. 

preSSure between opposed forming surfaces. 
When the strip has been preformed in the man 
ner stated, it is subjected to a final forming oper 
aftion. Similar to the preforming operation, the 
height and Spacing of the forming elements or 
ribS used in the preforning operation being so 
related to the height and spacing of the form 
ing elementS or ribs used in the final forming 
operation as to render available for the latter 
operation adequate metal Such that any objec 

3. 

4:0 

tionable stretching or thinning of the metal in 
the final forming operation is avoided. In both 
the preforming operation and the final forming 
operation the strip is at no time subjected to 
forming pressure between opposed forming Sur 
faces thereby eliminating risk of rupture or tear 
ing of the metal Strip from that cause. The pre 
forming operation is accomplished by opposed 
members, conveniently corrugating rolls, provided 
with Spaced apart forming elements or ribs of 
Such height and Spacing that, in the rotation 
of the rolls, the ribs of each thereof enter rinid 
way between the ribs of the other roll with clear 
ance therebetween materially greater than the 
thickness of the metal strip. Preferably, the ribs 
are of undulatory formation lengthwise. During 
rotation of the rolls, the metal strip is, drawn 
between them - and is pulled about the ribs in 
contact with the radially outer edges only there 
of So, as to be formed into. corrugations also of 
undulatory formation lengthwise, the metal strip 
being at no time Subjected to forming pressure 
between opposed forming surfaces. The pre 
formed metal Strip paSSes from the preforming 
members or rolls to the final forming members, 
preferably also two opposed corrugating rolls 
similar to: the preforming rolls but having the 
forming elements or ribs thereof of slightly less 
height-and-greater. Spacing than the ribs of the 

- preforming rolls, to avoid any objectionable 

4. 5 

such as would be apt to cause rupture or tear 
ing of the metal, as occurs under the present 
practice. above referred to. I form the strip to 
approximately final form by pulling it about 
forming members or ribs extending in alternately 
opposite directions beyond the plane of the metal 
strip being operated upon, and spaced apart a 
distance materially greater than the thickness 
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stretching of the metal in the final forming oper 
ation, as-above explained. In certain cases it is 
desirable to provide the corrugations of the 
finally formed strip. With lateral bosses or pro 
jections, to increase the air turbulence and metal 
contact in the core embodying such strips. In 
Such cases the final forming operation preferably 
is performed in opposed flat dies having form 
ing elements or ribs similar to those of the cor 
rugating rolls just referred to but provided with 
lateral projections or bosses for forming bosses 
or projections in the corrugations of the finally 
formed strip. In the method of my invention, 
as will be understood from what has been said, 
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the metal strip is pulled about the forming ele 
ments or ribs of the corrugating members So as 
to conform to the shape thereof, but is at no 
time subjected to forming pressure between Op 
posed forming surfaces, thereby eliminating risk 
of tearing or rupture of the strip from that cause, 
as has been explained above. Further objects 
and advantages of my invention will appear from 
the detailed description. 
In the drawings: 
Figure 1 is a side view, partly broken away, 

of a metal strip corrugating machine embodying 
my invention; 

Figure 2 is a Side view of the machine of 
Figure 1, as Seen from the side opposite to that 
shown in Figure i, with certain parts shown in 
the latter figure omitted; 

Figure 3 is a Sectional view, on an enlarged 
Scale, taken Substantially on line 3-3 of Fig 
ure 1; Figure 4 is a side view, on an enlarged Scale, 
of one of the forming elements or ribs of the pre 
forming rolls shown in Figure 3; 

Figure 5 is a plan view of the rib shown in 
Figure 4; 

Figure 6 is a side view, on an enlarged Scale, of 
one of the ribs of the final forming rolls; 

Figure 7 is a plan view of the rib of Figure 6; 
Figure 8 is a fragmentary plan view, on an en 

larged scale, of the rib of Figure 7; 
Figure 9 is a fragmentary end view, on an 

enlarged Scale and partly broken a Way, of One 
of the prefortning rolls and its associated shaft; 

Figure 10 is a fragmentary semi-diagrammatic 
view, on an enlarged scale, showing in end view 
the two preforming rolls and metal strip passing 
between them; 

Figure 11 is a view similar to Figure 10 but 
showing the final forning rolls; 

Figure 12 is a fragmentary face view of the 
preformed corrugated metal strip produced by the 
preforming corrugating rolls; 

Figure 13 is a fragmentary face view of the 
corrugated metal strip produced by the final 
forming corrugating rolls; 

Figure 14 is a side view of a modified form of 
netal strip corrugating machine embodying my 
invention, used for effecting the preforming oper 
ation on the metal strip; 

Figure 15 is a fragmentary side view of tWO 
opposed dies suitable for performing the final 
forming operation on the preformed Strip pro 
duced by the machine of Figure 14, the dies be 
ing shown partly broken away and in section; 

Figure 16 is a fragmentary plan view of the 
lower die of Figure 15; 
Figure 17 is a fragmentary lengthwise sec 

tional view, on an enlarged scale, of the dies of 
Figure 15 cosed on the metal Strip therebetween; 
Figure 18 is a fragmentary face view, on an en 

larged scale, of the finally formed corrugated metal 
strip produced by the dies of Figure 15; and 

Figure 19 is a sectional view taken Substan 
tially on line 9-9 of Figure 18. 
The machine shown in Figure 1 Comprises a. 

suitable base or table 20 to Which are Secured tWO 
pairs of Spaced uprights 2 and 22. Upper and 
lower preforming rolls 23 are rotatably mounted 
in the uprights 2, aligned lengthwise of table 2 
With upper and lower final forming rolls 24. As 
is shown more clearly in Figure 9 each of the pre 
forming rolls 23 comprises a cylindrical body 25 
having an axial bore for reception of a shaft 26 
on which body 25 is suitably secured, conveniently 
by means of keys 2i. Body 25 is provided with a 
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4. 
plurality of lengthwise slots uniformly spaced 
circumferentially thereof and opening through 
the ends and the outer circumferential face 
of body 25. The slots in body 25 receive forming 
eleinents or ribs 28, shown more clearly in Fig 
ures 3, 4 and 5, which are of undulatory forma 
tion lengthwise and are straight and of substan 
tially uniform thickness radially of body 25 of 
roll 23. The ribs 28 preferably are formed of cold 
rolled steel and are nied off for the major por 
tion of their height to provide spaced fingers 29 
extending downward from the rib 23, between end 
fingers 33 of materially greater extent length. 
wise of rib 28 than the fingers 29 and straight 
lengthwise of rib 28, the outer or upper portions 
of the fingers 33 providing straight terminal ex 
tensions of the rib 28. Each of the fingers 3 is 
provided, in its outer edge, with a rectangular 
notch 3 which registers With a rectangular an 
nular groove 32 in the end of the roll body 25. A 
locking ring 33 fits Snugly in groove 32 and in 
the notches 3 of fingers 3, thus locking the ribs 
28 tightly in position in the roll body 25. The ring 
33 is retained in position by an annular plate 35 
seating thereon and on the end of body 25 and 
secured to the latter in a Suitable Inanner, con 
veniently by means of screws 36. As Will be un 
derstood, there is a locking ring 33 and plate 35 
at each end of body 25 of 1'oll 23. The end por 
tion of Shaft, 23 of each of the rols 33 is of re 
duced diarieter and is rotatably mounted in Suit 
able bearings 33, mounted in the uprights 2A, as is 
shown more clearly in Figure 3. 
The ribs 28 are all of the Sanhe effective height 

and project radially outward beyond body 25 of 
the respective rolls 23 a distance appreciably less 
than the Space between the bodies 25 of rolls 23, 
and are rounded at their outer edges, as ShoWn 
more clearly in Figure i0. The rollis 23 are rela 
tively off-set angularly so that in the rotation 
thereof the ribs 23 of each roll 23 enter midway 
between the ribs 28 of the other roll, with con 
siderable clearance therebetween. Meshing spur 
gears 38a, secured on the corresponding ends of 
shafts 26 of rolls 23, assure that both thereof Will 
be rotated at the same speed, the gear ratio being 
appropriate to that end, While maintaining the 
proper angular relation between the rolls and also 
assuring that they Will be rotated in opposite re 
lation. Accordingly, when either of the preform 
ing rolls 23 is rotated, the cither roll will also be 
rotated at the same speed and in opposite relation, 
and the ribs 23 of the rols will enter between 
each other as above explained, these ribs being 
of such height that the ribs of each roll at all 
times clear the ribs of the other roll during rota 
tion of the rolls, as Will be understood from what 
has been Said. 
A bevel gear it is secured on shaft 26 of the 

lower roll 23, at the opposite end thereof from the 
spur gear 33a, and inneshes with a bevel gear fi 
secured on shaft 2 of a Speed reducing unit 33 
of suitable known type, mounted on table 2 to 
one side of one of the uprightS 2. A second shaft 
44 of unit i3 is di'iyen, through a Suitable cou 
pling 45 of known type, by shaft B6 of an elec 
tric notor a nounted on table 2. It Will be clear, 
from what has been said, that when the motor 4 
is in operation the two preforming rolls 23 are 
driven at the same Speed angi in opposite relation, 
it being understood that the unit 3 is Selected 
to drive.the rolls 23 at appropriate Speed. 
The final forming rolls 24 are similar to the 

preforming rolls 23 and a brief description there 
of will suffice. Each of the rolls 24 comprises a 
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cylindrical body 40s keyed on a shaft. 4, a rota 
tably mounted in bearings: in the uprights. 22. 
The body 408. is provided withi: lengthwise slots. 
Opening through its ends and its outer circum 
ference, and receiving final forming elements or 
ribs 42 projecting. radially, beyond body. 40a: 
Referring to Figures 6-to-8, inclusive; the ribs. 42a: 
preferably are formed of cold rolled steel, are 
of undulatory formation for the major portion: 
of their length, and are milled off at . opposite. 
sides to providespaced fingers 438-aligned with 
relatively wide end fingers 44a straight length 
wise of rib, 428; the upper portions of which pro 

5 

O 

vide 'straight continuations or terminal elements. 
of the rib 42: Each of the fingers 448 is: pro 
vided with a rectangular, notch 46a in its outer 
edge; these notches 468 receiving- locking rings: 
fitting therein and in annular recesses in the 
ends of body 408, held in position by retaining 
plates Secured to the enes of body 40a, as in the 
preforming rolls' 23:. 

Thie upper or radially outer edge of each rib 
42 is flat, as shown more clearly in Figures -6. 
and 11, and each undulation of rib 42a is pro 
vided at the outer side thereof with a boss or 
projection 48 of approximately semi-elliptical: 
shape in plan having an inner face 49 straight. 
lengthwise of rib. 42 and an outer-face conform 
ing to the curvature of the corresponding un 
dulation of rib. 42. The effective height of ribs 
42, that is the extent to which they project be. 
yond the body of roll 40%, to the flat upper-edges 
thereof, but not including the bosses 48, is less 
than the effective height of the ribs 28 of the 
preforming rolls 23 by an amount equal to the 
height of bosses 48, the effective height of ribs 
42 at the bosses 48 being equal to the effective 
height of the ribs 28 of preforming rolls 23; as 
Will be clear-from Figures 4, 6, 10 and 11. Also, 
the ribs' 42a" of the final forming rolls 24 are 
Spaced SOmewhat further apart than the ribs 28 
Of the preforming rolls 23, as shown in Figures 10 
and 11, for a purpose which will appear later: 
The effective height or radial extent of the 

ribs 42 beyond bodies 4.0a of the final forming: 
rolls 24 is appreciably less than the distance be 
tween bodies 40, as shown in Figure - 11. The 
final forming rolls 24 are angularly off-set one 
half the distance between adjacent ribs - 42 a. 
thereof. So that the ribs" of each roll, during ro 
tation thereof, enter midway between the ribs. 
of the other roll with clearance therebetween 
materially greater than the thickness of the metal 
Strip operated upon. As will be understood from 
What has been said, the Spacing and radial ex 
tent of the ribs 42 is such that there is at all 
times, during rotation of the rolls, ample clear 
ance between the ribs thereof to guard against 
Subjecting the metal strip to pressure between 
the ribs, which is also true of the preforming 
rolls, as above noted. 

Mieshing Spur gears 50 secured on the ends of 
shafts" 4, adjacent one of the uprights 22, 
aSSure that the rolls 24 will be driven at the same 
Speed and in Opposite direction and that the 
angular relation therebetween will be main 
tained: A Sprocket wheel 52 is secured on shaft 
26 of the upper preforming roll 23, at the opposite. 
end thereof from spur. gear. 38. This sprocket 
Wheel 52 has driving connection, through a 
Sprocket chain 53, to a similar-sprocket wheel 54 
secured on shaft 4f of the upper final forming 
roll 24 at the end thereof opposite to spur gear: 
50. It will be seen that when the preforming. 
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6, 
also driven; the rols of eachipair:being driven; at: . 
the same Speed and in opposite, relation and the: 
rolls of both pairs being: driven at the same speed 
and in the same-relation, that is, the upper rolls. 
are... driven. at the same speed and in the same. 
direction and the OWer, rolls; are: driven: at the 
Sane Speed as the upper rolls...and.in the opposite 
direction relative thereto, 
The two pairs of roll.S., are aligned: for receps 

tion between them of the netal. Strip being. Op 
erated upon. As the finally formed metal strip. 
passes: beyond: the final forming, rolls 24, it is cut 
to length by Suitable: Cut-Off. In eans. Convenie 
ently, two opposed, cut-off blades. 57 and .58 are: 
slidably mounted in Slotted uprights, one of which 
is shown at 59, secured to table. 20 in Spaced. 
relation, transversely, thereof. The upper blade 
57; is pivoted at each end thereof, at 60, to a. 
link 6 - pivoted at its lower end, at 62, to the 
inner end of a lever 63 pivoted at its mid-point, 
at 64; on a bracket. 65 secured to. upright 59 and 
extending: rearwardly, therefron, The: forward. 
end of lever 63 is connected, by , a pin and slot, 
connection 66, to the lower-blade 58. A tension, 
spring 67 is anchored at its lower end to pivot. 
62 and at its upper end to upright. 59. This. 
Spring 67tends to Straighten the toggle compris 
ing the link 6 and the inner arm of lever 63, 
thus. Urging the upper blades 5 upward, such 
upward movement of blade 5 being limited by 
Stop Screws, one of which is shown at 68, threaded. 
throtigh- a croSs piece - i) connecting: the upper 
ends of the uprightS 59 

ihe lever 63, is provided with a downwardly 
extending arm-12- having a Series-of openings-for 
adjustably attaching thereto the forward end of 
arod 73 provided at its rearward-end with a fork 

fitted about hub. 5 of a can disc; 6 Secured. 
On Shaft a of the lower finals forming rol. 2., 
at the opposite end thereof from the spur gear 
59 he disc'.6 s is provided with a nose is dis-- 
posed to contact arolier 3 carried by rod 73 
for moving the latter forward. In the forwards. 
movement of rod 3- the blades 5; and 58 are . 
noved to Ward each other and are effective-for 
severing the metal strip passing therebetween, as 
will be clear. When the nose 78 passes out of 
contact with the lever 9, the blades 57 and 58. 
are returned to their normal positions Shown in 
Figure 1, by the tension Springs 67, and the rod 
3 is moved rear Ward into position with the roller 
79 disposed for contact by nose 8, as shown. It 
will be seen that the cut-off means is operated in 
timed relation to the rotation of the rolls, the: 
tinning being Such that the finally formedis strip 
passing from the rolls 24 is cut into lengths of 
predetermined and desired extent. 
Two bracket arms '88, slotted from their upper 

ends, are Secured to and extend upwardly and 
rearwardly from the uprights 2:... The arms 88. 
receive the ends,of a shaft 98 rotatably mounted 
therein and carrying a roll 8C. of metal strip or 
ribbon 8 of appropriate width and thickness, 
this metal strip commonly being, quite thin, as 
above noted. In the operation of the machine: 
the netail: strip, 8 is is drawn from, the roll 8 and 
paSSes betWeen the pairs of rollers 23 and 2 and 
thence through the cut-off means, as will be 
clear. Preferably, the arms 8a are provided with 
friction-surfaces: contacting the sides of the roll. 
80 effective for preventing free-running thereof: 
while not imposing sufficient drag. on the roll to. 
cause objectionable tensioning of the metal strip. 

rols 23 are driven, the final forming rolls 24 are 7, 8, thus: assuring that the metal. Strip is drawa. 
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Smoothly from the roll as required in the Opera 
tion of the machine. 
As the metal strip 8 passes between the pre 

forming rolls 23 it is pulled about the ribs 28 
thereof, as shown diagrammatically in Figure 
10, and is corrugated transversely, the Crests of 
the corrugations thus produced being rounded 
as shown. It will be noted that there is con 
Siderable clearance between the ribs and the 
metal strip pulled thereabout, and that at no 
time is the metal strip subjected to forming 
pressure between opposed relatively moving pres 
Sure applying surfaces. The metal strip 8: Con 
forms to the lengthwise formation of the rioS 
28 as it is pulled thereabout, and the preformed 
strip leaving the rolls 23 is provided with corru 
gations 82 of substantially W CroSS Section and 
of undulatory formation transversely of the Strip 
for Substantially the full width thereof, except 
for terminal elements $3 which are Straight 
transversely of the Strip; as shown in Figure 12. 
By avoiding Subjecting the strip to pressure be 
tween opposed forming surfaces, I eliminate risk 
of tearing and rupture of the Strip from that 
cause, thereby eliminating wastage while also 
rendering it possible to corrugate the metal strip 
at comparatively high Speed with resultant in 
crease in production. 
The preformed strip 3d passes from the pre 

forming rolls 23 over a supporting shelf 85 
mounted between the pairs of uprightS 2 and 
22 and extending therebet, Ween. From the filal 
fortning rolls 25 the Strip paSSes Over a Second 
shelf 86 supported between the uprightS 22 and 
thence over two Spaced shelves 8 carried by 3 
the uprightS 59. In the paSSage of the preformed 
strip Sid between the final forming irolls 2 is, the 
crests of the colugations 82 thereof are flat 
tened, the corrugations are slightly spread or 
opened up, and the boSSes 48 move correspond 
ing areas of the Corrugations outward beyond 
the flattened CrestS. The resultant finally corru 
gated Strip 8 b is provided With transverseiy ex 
tending corrugations 33 of undulatory formation 
for the major portion of their length and having 
straight terminal elements 9 transversely of the 
strip, the corrugations 90 being provided at the 
outer side of each undulation thereof with a 
boss or projection 32 of relatively slight height 
having an inner Surface Straight transversely 
of the stirip. By having the forming elements 
or ribs 428 of the rolls 24 of less effective height 
than the rijS 28 of the preforning rolls 23, I 
render available adequate netal for forning the 
corrugations to final shape between the rolls 24 
in the manner Stated without Subjecting the 
metal to appreciable or detectable stretching, 
thereby avoiding thinning of the metal to any 
objectionable or detectabie extent. In the final 
forming roils, as in the preforning rolls, the 
metal strip is formed by being pulled about the 
forming elements or ribs and is at no time Sub 
jected to forming pressure between Opposed pres 
Sure applying forming Surfaces, particularly dur 
ing relative movement thereof. In that man 
ner, further guard against tearing or rupture 
of the metal Strip with the advantages above 
noted. 

in Sone cases it is desirable to provide the cor 
rugated metai strip with projections or bosses 
in the side walls of the corrugations, to increase 
air turbulence and metal contact. I preferably 
provide, for that purpose, a machine for pre 
forming the metal Strip and cutting it to desired 
length, and shape the preformed Corrugated Strip 
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8 
to final form by separate means. In Figure 14 
I have shown a machine comprising a Suitable 
frame 96 supporting a table 97 on which are 
mounted two uprights, one of which is shown 
at 98, spaced apart transversely of the table. A 
lower preforming roll 99 is keyed on a shaft 00 
rotatably mounted in the uprightS 98, and an 
upper preforning roll it is secured on a shaft 
rotatably mounted in flanged bearing blocks fo2 
seating in slots G3 extending from the upper 
ends of the respective uprights 98. The rolls 99. 
and 0 are similar to the preforming rolls 23 
of Figures 1 and 2 and are geared together by 
spur gears in the same manner as the latter 
rolls and need not be further described. The 
lower roll 99 is driven by shaft 42 of a speed re 
duction unit (not shown) through bevel gear 
ing, in the Sane manner as the lower roll 23 of 
Figure 1, but the bevel gearing is located at the 
same end of roll 99 as the spur gear on shaft 

( thereof for driving the upper roll , it be 
ing understood that the two spur gears are at 
the far ends of the rolls 99 and as viewed 
in Figure 14. 
A spur gear 4 is keyed on the near end of 

shaft is, as viewed in Figure 14, of roll 99. This 
Spur gear i04 meshes With a Spur pinion 05 se 
cured to the inner face of a cam disc 8, both 
rotatably mounted on a stub shaft of Secured 
in the upper end of a standard 8 suitably se 
cured to table 9. Disc 66 is provided with a 
radially projecting element or nose 99, dis 
posed to contact a roller mounted in a slot 
ted head at the inner of a horizontal rod 

2, slidably mounted through sleeves 3 at the 
upper ends of posts it, mounted on table 9 
and Spaced from Standard 8 in the direction 
of travel of the metal Strip through the ma 
chine. A compression Spring 5, disposed about 
rod 2 and confined between a collar 6 fixed 
thereon and the Sleeve 3 more remote from 
standard fo8, urges rod 2 toward the right 
So as to hold roller 0 in contact with the can 
disc 05. The 'od 2 is provided at its outer 
end with a slotted head connected by a link 

8 to one arrn of a two armed lever 2 rock 
ably mounted at 2: in a bracket 22 secured to 
an upright 23 Inounted on bed 37. As will be 
understood, there are two uprightS 23 Spaced 
apart transversely of bed 9 and connected at 
their upper ends by a cross plate 24. A block 
25 is mounted on plate 28 and carries a suit 

able knife 23 adjustable fore and ait thereon 
by known means. A knife holder 28 is Siidably 
mounted between side guide members 29 ex 
tending upward from block 25. An upper knife 

| 36 is mounted in the holder 23 and cooperates 
With the tower knife 2 for cutting to desired 
length imetal strip passing therebetween. The 
knife holder 23 is connected at its midlength, 
by a link 32, to the lower end of an arm 33 
fixed on a croSS shaft 3 & 1'ockably mounted in 
bearing blocks 35 fixed on the upper ends of 
the side guides 23. An arm 3' is fixed on the 
near end of shaft 36, as viewed in Figure 14, 
and is pivoted at 33 to a clevis 39 at the upper 
end of a turn buckle A5. A clevis 4 at the 
lower end of turn buckle A is pivoted at 42 
to the upper arm it 3 of the lever 22. The lower 
preforming roll 99 rotates counterclockwise, as 
viewed in Figure 14, the upper roll and the 
can disc 96 rotating clockwise. When nose 63 
of disc 6 contacts roller the rod 2 is 
forced toward the left, thus pulling down the 
turn buckle 40 and thereby straightening the 



2,684,707 
9 

toggle comprising link 32 and arm 33, thus 
moving the knife i3 downward into cooperat 
ing relation to the knife 26, for severing the 
metal Strip therebetween, as will be understood 
from What has been said. The gear ratio is, of 
Course, Such that the metal strip is cut to the 
desired length. 
A roll 45 of metal Strip or ribbon 46 is ro 

tatably mounted in the slotted upper ends of 
bracket arms 4 secured to and extending up 
Wardly from the end of frame 96 adjacent rolls 
99 and O. Strip 4S is led from roll 45 be 
itween the rolls 99 and Of and thence between 
Strip guides 48, mounted at the upper ends of 
posts - 49 mounted on table 9, there heing two 
guides 48, as will be understood, receiving the 
transversely straight side marginal portions of 
the preformed corrugated strip. The guides E 48 
eXtend from the rolls 39 and 0 to within a 
short distance of the iock 25, over which the 
Corrugated Strip passes as it leaves the guides 
48. The preformed corrugated strip leaving 

...the rolls 99 and is similar to the strip leav 
ing the rolls 23 of Figures 1 and 2 and shown in 
Figure 12, and need not be further described 
here. This strip, as noted, is cut into suitable 
lengths as it passes between the blades 26 
and 3. 
The cut lengths of preformed metal strip are 

shaped to final form between upper and lower 
dies 50 and 5, respectively, which are fiat or 
Straight lengthwise. The lower die 5, which 
may be stationary, comprises a body portion 52 
and a plurality of substantially parallel ribs 53 
projecting upwardly therefrom and of undula 
tory formation lengthwise, that is, transverse 
ly of body 52, for the major portion of their 
length, being provided With terminal elements 
f5, which are straight transversely of body 52. 
The ribs 3 are generally similar to the ribs 
42 of the final forming rolls 24 of Figures 1 and 
2, have flat upper edges, are provided with up 
Wardly extending bosses or projections 55 of 
Substantially semi-elliptical shape at the outer 
sides of their undulations, have an effective 
height, not including the bosses 55, less than 
the ribs of the rollers 99 and () by the height 
of the bosses 55, and are spaced apart a dis 
tance somewhat greater than the distance be 
tween the ribs of the rollers 99 and O, in 
the same manner as the ribs -42a of the final 
forming rolls 24 of Figures 1 and 2 are spaced 
relative to the ribs' 28 of the preforming rolls 23. 
The ribs 53 of die 5 are further provided, 

at the outer sides of the undulations thereof, 
- with bosses or projections 56 of substantially 
rectangular shape in plan, merging smoothly at 
their Sides into the undulations of the ribs 53 
and having rounded corners, the faces of the 
bOSSes SS away from the undulations of the 
ribs 53 being flat and substantially perpendicu 
lar to body 52 of the die 5?. The tops or up 
per faces of the bosses 56 are nearly flush. With 
the upper edges of the ribs 53. 
A cover plate 58, provided with an upwardly 

Off-Set flange 59, is secured to the under face 
of die 5t, conveniently by screws f60, there 
being a sealing gasket i? between fiange 59 
and the under face of die 51. Plate. 58 defines, 
With die , an air chamber 62 from which 
restricted passages or ducts 263 extend upward 
ly through body 52 and open into the spaces 
between the ribs 53, one of such ducts being 
shown and it being understood...that any suit 
able number thereof appropriately disposed may 

0. 

5 

O 
be provided, Air under appropriate pressure 
may be admitted to the chamber 62 through a 
hose 64 Secured to a nipple 65 opening through 
plate 58 and secured thereto in a suitabie man 
ner, COnveniently by Welding. By admitting air 
under pressure to the chamber 2 the finally 
formed Strip in the die 5 may readily be raised 
and removed therefron, as Will be clear from 
What has been said. 
The upper die 50 may be moved toward and 

a Way from the lower - die 5 in any suitable 
known manner. It is similar to the die. 5. With 
the exception that it is not provided with the 
Cover plate 58 and the ducts 63. Upper die 
50 is provided with ribs 68 the same as the ribs 
53 of lower die 5. The ribs 68 are spaced 

apart the Sane distance, as the ribs 53 of lower 
die A53 and the ribs of each of the two dies 

and 5 are off-set.relative to the ribs of the 
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Other die one-half the distance between two ad 
jacent ribs So that, when the dies are closed, the 
ribs of each thereof extend midway between the 
ribs of the other die with Substantial clearance 
therebetween, materially greater than the thick 
ness of the metal strip. 

Referring further to Figures 16 and 17, I have 
Shown in Figure 16 two of the ribs S8 of the 
upper die 59, in dot-and-dash lines, in the posi 
tion which they occupy between adjacent ribs 
53 of the lower die 5, when the dies are closed. 

It Will be noted that the laterally projecting 
bOSSes 59 at the Outer sides of the undulations 
of the ribs 68 are aligned With the inner or 
CO)CaVed sides of the undulations of the ribs 53 
Of the lower die, With clearance, therebetween 
materially greater than the thickness of the 
metal strip, in the final forming operation the 
preformed metal strip 4a is placed in the lower 
die 5 and the dies are then closed by down 
Ward novernent of the upper die St. in the 
closing movement of the dies the sides of the 

... COrigations Of the preformed metal Strip are 
pulled or bent around the bosses 56 and 69 
of the ribs 53 and 68, respectively, of the lower 
and upper dies 5 and 5, so as to be shaped 
thereabout. The bosses 55 of ribs 53 bend up 
Ward corresponding areas of the Crest of the up 
Wardly extending corrugations of the preformed 
metal strip, and bosses 2 of ribs 8 bend down 
Ward corresponding areas of the crests of the 
downwardly extending corrugations of the pre 
formed metal strip 46.a. Referring further to 
Figure 17, when the dies and 5 are closed, 
the bosses 56 of ribs f3 of the lower die 5 
are disposed in alignment With the inner Or 
concaved sides of the undulations of ribs 63 of 
the upper die, with clearance therebetween 
materially greater than the thickness of the 
metal Strip. 

It Will be seen that, during the final forming 
operation, the metal strip is shaped about the 
ribs and the bosses thereof by pulling, or bending 
of the metal thereabout, and without at any 
time subjecting the metal of the strip to form 
ing pressure between opposed preSSure applying 
relatively moving forming surfaces. That avoids 
rupture or tearing of the metal strip with the 
advantages above noted. Further, Since the 
preforming elements or ribs are of greater effec 
tive height than the final forming elements or 
ribs, adequate metal is available for shaping the 
preformed strip to desired final form, the final 
forming operation being mainly a signple bending 
operation in which the Walls of the corrugations 
of the metal strip are deflected and shaped about 
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the bosses of the ribs without appreciable stretch 
ing of the metal, in that manner, objectionable 
thinning of the metal is avoided. 
The finally formed metal strip produced by 

the dies of Figures 15 to 17, inclusive, is shown 
in Figures 18 and 19. This finally formed metal 
Strip is provided with corrigations 5 extending 
transversely of strip 4 st) and of undulatory 
formation lengthwise for the major portion of . 
their length, the corrugations 75 having termi 
nal elements 6 straight transversely of strip 
8c. Bosses it of approximately semi-elliptical 
Shape in plan project from the crest of the ribs 
or corrugations S5, at the Outer sides of the un 
dulations thereof, and bosses 8 project laterally 
fron the outtel or convexed sides of the undu 
lations of the corrugations. The bosses 3 are 
of substantially triangular shape in Vertical 
section, as shown in Figure 19, and those of each 
corrugation extend oppositely to those of the next 
adjacent corrugation, it being noted that the 
base of the respective bosses 8 is substantially 
flush with the crest of the associated rib or cor 
rugation 75. 

If desired, instead of reforming the preformed 
metal strip produced by the machine of Figure 
14 between the flat dies 50 and 5 of Figures 
15 and 6, to for in the bosses 8 on the corru 
gations 5, the reformed strip produced by the 
machine of figures 1 and 2 may be subjected to 
a further reforning operation between the dies 
5 and 5. If that procedure is followed, 
which may be desirable in certain cases as sin 
plifying the die forming operation, the metal 
strip is subjected to a preforning operation and 
then to two Successive reforming operations, as 
Will be clear froin what has been said. In either 
case, the height of the corrugations produced in 
the preforming operation is such as to assure 
that the metal rendered available by reduction 
in height of the corrugations in the first or suc 
ceeding reforning operation is adequate for per 
formance of that operation. Without Stretching 
of the neta. When the corrugated metal strip 
is reformed in the dies 5 and 5, to form the 
bosses i8, the operation is to a considerable 
extent a simple bending Operation, though some 
stretching of the metal, but not to an objection 
able extent Such as to risk rupture thereof, oc 
CU.S. 
The finally formed lengths of metal strip are 

used in constructing cores of heat exchangers, 
Such as automobile heaters and radiators. In 
my copending application, Serial No. 142,796, 
filed February 7, 1950, I have disclosed a cellular i 
core for heat eXchangers, in which metal strip 
formed as herein disclosed is used to advantage 
to provide the cooling air passages. Opposed 
lengths of metal Strip, corrugated as shown in 
Figure 13 of the instant application, are posi 
tioned between Water wall strips defining between 
then Water passages, the latter strips having 
trainsverse ribs upon which the corrugations of 
the air passage Strips seat, being positioned 
thereon by the bosses S3 of Figure 13. The op 
posed corrugated air passage strips define be 
tween then undulatory air passages which inn 
part high turbulence to air flowing therethirough, 
as well as large area of contact between the air 
and the metal, thereby attaining high efficiency 
in heat transfer. I have found that by provid 
ing the corrugated metal strip for the air pas 
Sages With laterally projecting bosses, such as 
the bosses fi3 of Figures 18 and 19 of the instant 
application, the efficiency of the core can be ma 
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12 
terially increased, due to resultant increase in 
air turbulence and in area of contact of the air 
with the metal. 

It Will be understood that changes in detail 
may be made, both as to the apparatus and the 
method of my instant invention, and I intend 
to include all such variations, as fall. Within the 
scope of the appended claims, in this applica 
tion in which the preferred forms only of my 
invention have been disclosed. 

cairn: 
1. In a machine for corrugating metal strip of 

predetermined thickness, a pair of spaced parallel 
preforming rolls and a pair of Spaced parallel 
final forming rolls parallel With and disposed to 
receive preformed metal strip from said preform 
ing rolls, the rolls of each pair respectively hav 
ing a plurality of substantially uniform thickness 
and uniformly spaced lengthwise ribs of undula 
tory formation lengthwise and being relatively 
off-set angularly approximately one half the dis 
tance between adjacentribs of the respective rolls, 
the spacing and effective height of the ribs of the 
rolls of each pair of being Such that in the rota 
tion thereof the ribs of each roll enter substan 
tially midway between the ribs of the other roll 
to approximately the final depth of the desired 
corrugations with clearance therebetween mate 
rially greater than the thickness of the metal 
strip, the height of the ribs of the preforming rolls 
being greater than the height of the ribs of the 
final forming rolls to provide metal for final form 
ing of the strip without objectionable stretching 
thereof, and means for rotating the rolls of each 
pair at the same speed and in opposite relation 
While rotating the corresponding rolls of Said 
pairs at the same speed and in the same relation. 

2. The method of corrugating metal strip which 
comprises, preforming the strip in a single opera 
tion to provide in the strip transverse corrugations 
of undulatory formation lengthwise and V-shape 
in cross section by bending the strip over and be 
tween spaced preforming elements and without 
Subjecting the strip to forming pressure between 
opposed relatively moving forming surfaces, and 
bending the corrugations of the resultant pre 
formed strip over and between spaced final form 
ing elements similar to said preforming elements 
and Substantially paralleling said corrugations 
and thereby forming the crests of the latter to 
desired final shape and size without subjecting the 
corrugations to forming pressure between opposed 
relatively moving forming surfaces while main 
taining the continuity of the corrugations of the 
preformed strip and the V cross section of the 
corrugations produced in the preforming opera 
tion. 

3. The method of corrugating metal strip which 
comprises, preforming the strip in a single opera 
tion by pulling and bending it in alternately op 
posite directions over and between rounded spaced 
preforming elements of undulatory formation 
lengthwise, thereby producing in the strip corru 
gations of undulatory formation lengthwise and V 
shape in cross section and of a height approximat 
ing the desired final height thereof without Sub 
jecting the strip to forming pressure between op 
posed relatively moving forming surfaces, and 
bending the corrugations of the resultant pre 
formed strip between final forming elements simi 
lar to said preforming elements and spaced apart 
a distance approximately the same as the distance 
between the crests of adjacent preformed corruga 
tions of the strip and thereby shaping the crests of 
the corrugations of the preformed strip to desired 
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final form and height without subjecting the pre 
formed strip to forming pressure between opposed 
relatively moving forming surfaces while main 
taining the V cross Section of the corrugations 
produced in the preforming operation. 

4. The method of corrugating metal strip which 
comprises, preforming the strip in a single opera 
tion by pulling and bending it in alternately op 
posite directions over and between spaced pre 
forming elements of undulatory formation 
lengthwise, thereby producing in the strip corru 
gations of undulatory formation lengthwise and 
V-shape cross section having rounded crests and 
of a height approximating the desired final height 
thereof without subjecting the strip to forming 
pressure between opposed relatively moving form 
ing surfaces, and bending the corrugations of the 
resultant preformed strip between flat forming 
elements similar to said preforming elements and 
'Spaced a distance-apart approximately the same 
as the distance between the crests of adjacent 
preformed corrugations and thereby flattening the 
Crests of the corrugations without otherwise ma 
terially altering the shape or height thereof and 
without subjecting the preformed strip to forming 
preSSure between opposed relatively moving form 
ing Surfaces. 

5. In a machine for corrugating metal strip 
of predetermined thickness, a pair of spaced 
parallel preforming rolls having a plurality of 
uniformly spaced ribs of substantially uniform 
thickness and of undulatory formation lengthwise 
and having rounded radially outer edges, said rolls 
being relatively off-set angularly approximately 
on half the distance between adjacent ribs of 
the respective rolls, the spacing and effective 
height of the ribs of each roll being such that in 
the rotation thereof the ribs of each roll enter 
Substantially midway between the ribs of the other 
roll to a depth approximately the Sane as the 
final depth of the desired corrugations with clear 
ance between said ribs such that corrugations of 
V-shape in cross section will be formed in metal 
strip passed between said rolls without subjecting 
the metal strip to forming pressure between op 
posed forming Surfaces, a pair of Spaced final 
forming rolls parallel with said preforming rolls 
and disposed to receive from the latter preformed 
metal strip, said final forming rolls having a plu 
rality of uniformly spaced ribs of substantially 
uniform thickness and of undulatory formation 
lengthwise and having flat radially outer edges, 
said final forming rolls being relatively off-set 
angularly approximately one half the distance 
between adjacentribs of the respective final form 
ing rolls, the spacing and effective height of the 
ribs of each final forming roll being such that 
in the rotation thereof the ribs of each final form 
ing roll enter substantially midway between the 
ribs of the other final forming roll to a depth 
the same as the final depth of the desired corru 
gations and contact the corrugations of the pre 
formed metal strip at the crests only of the cor 
rugations thereof thereby flattening such crests 
without Subjecting the metal strip to forming 
pressure between opposed forming Surfaces While 
maintaining the cross sectional V-shape of the 
corrugations formed by said preforming rolls, and 
means for rotating the rolls of each pair at the 
same speed and in opposite relation while rotat 
ing the corresponding rolls of said pairs at the 
Same Speed and in the same relation. 

6. In means for corrugating metal Strip of pre 
determined thickness, a pair of opposed preform 
ing members each having a body portion and 
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14 
spaced substantially parallel ribs projecting 
therefrom toward the other member and of un 
dulatory formation lengthwise, said members be 
ing relatively off-set approximately one half the 
distance between adjacentribs of the respective 
members, said ribs being So spaced and of Such 
effective height that the ribs of each neinber will 
enter substantially midway between the ribs of 
the other member With clearance therebetween 
such that corrugations of V-shape in cross section 
Will beformed in metal strip passed between said 
members in the relative cooperating movement 
thereof without subjecting the metal strip to 
forming pressure between opposed forming sur 
faces, and a pair of opposed final forming mem 
bers each having a body portion and Substantially 
parallel ribs similar to and of approxiinately the 
Sarne Spacing and effective height as the ribs of 
said preforming members whereby said ribs of 
Said final forming meinbers contact the crests 
only of the corrugations of the preformed metal 
Strip and form the crests to desired final shape 
Without otherwise altering the shape of the cor 
rugations produced by said preforming members 
and Without Subjecting the metal Strip to forming 
preSSure between opposed forming Surfaces. 

7. In means for Corrugating metal strip of pre 
determined thickness, a pair of spaced preform 
ing rolls each comprising a body and a plurality 
of lengthwise ribs thereon projecting outward 
therebeyond and uniformly spaced circumfer 
entially of said roll, said ribs being of undulatory 
formation lengthwise, and of such effective 
height and spacing that in the rotation of said 
rolls the ribs of each roll enter substantially mid 
way between the ribs of the other roll and in 
Cooperation therewith form in metal Strip passed 
between said rolls corrugations of V-shape in 
CrOSS Section and of undulatory formation 
lengthwise without subjecting the metal strip 
to forming pressure between opposed forning 
Surfaces, a pair of opposed final forming rolls 
parallel with Said preforning rolls disposed to 
receive from the latter preformed metal Strip, 
Said final forming rolls having ribs similar to 
and of approximately the same effective height 
and Spacing as the ribs of Said preforming rolls 
Whereby the ribs of Said final forming rolls con 
tact the crests only of the corrugations of the 
preformed metal strip and form the crests to 
desired final shape without otherwise altering 
the shape of the corrugations produced by said 
preforming rolls and without subjecting the 
metal strip to forming pressure between opposed 
forming Surfaces, and means for rotating the 
rolls of each pair at the same speed and in op 
posite relation while rotating the corresponding 
rolls of said pairs at the same speed and in the 
Same relation. 

8. The method of corrugating metal strip 
which comprises, preforming the strip by bend 
ing it in alternately opposite directions over and 
between preforming elements of undulatory for 
nation lengthwise and of uniform thickness, 
theireby producing in the strip corrugations of 
undulatory for nation lengthwise and W-shape in 
CroSS Section and of approximately the desired 
final height without subjecting the strip to form 
ing pressure between opposed relatively moving 
forning Surfaces, disposing the corrugations of 
the preformed strip over and between final form 
ing elements similar to said preforming elements 
and of unifornia thickness the Sane as the desired 
final width of the crests of the corrugations with 
Said final forming elements contacting the cor 
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rugations at the crest areas only thereof, and 
flattening the crests of the corrugations by pres 
sure applied thereto Solely by Said final forming 
elements while retaining substantially unaltered 
the W. CrOSS Section. Of the corrugations in parted 
thereto in the preforming Operation. 

9. The method of corrugating metal strip 
which comprises, moving the Strip in One direc 
tion and during Such movement bending it in 
alternately opposite directions over and between 
preforming elements of undulatory formation 
lengthwise having rounded Working edges and of 
uniform thickness approximately the Same as 
the desired final Width of the Crests of the Cor 
rugations, thereby producing in the Strip cor 
rugations of undulatory formation lengthwise 
having rounded crests and V shape in cross Sec 
tion and of approximately the desired final 
height without Subjecting the Strip to forming 
pressure between opposed relatively moving 
forming Surfaces, during continued travel of the 
strip in said one direction disposing the corruga 
tions of the preformed Strip over and between 
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final forming elements having flat working edges 
and Similar to Said preforning elements and of 
uniform thickness the Same as the desired final 
width of the crests of the corrugations, with said 
final forning elements contacting the corruga 
tions at the crest areas only thereof, and during 
Such continued travel of the strip flattening the 
crests of the corrugations by pressure applied 
thereto Solely by Said final forming elements 
While retaining Substantially unaltered the V 
Cross section of the corrugations imparted there 
to in the preforning operation. 
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