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to Simplex Products Corporation, a corpera-

tion of Ohio

Application April 8, 1935, Serial No. 15,356

30 Claims..

This invention relates to an improved method
of and apparatus for forming -accurately sized
rings from metallic strip, ribbon, wire or the like.

In my co-pending United States patent appli-

5 cation, Serial No. 8,322, filed February 26, 1935,
I have illustrated and described an improved type
of rolling mill which is particularly adapted to
roll a flat metallic wire or ribbon of extremely
accurate cross sectional dimensions. In forming
metallic rings according to the present method
and with the herein described improved appa-
ratus I prefer to use ribbon rolled on the type
of rolling- mill- described in my said co-pending
application.

This application is a. continuation in part of
my co-pending application, Serial No. 7,121, filed
February 18, 1935.

Rings formed from metallic ribbon by my im-
proved method and apparatus are particularly
adapted for use in laminated piston rings for
forming a seal between a piston and its cylinder
wall in an internal combustion engine or the like.

I am aware that laminated packing or piston
rings have been previously proposed. These rings
ordinarily are made up of a plurality of rela-
tively thin flat rings which are fitted into a
groove in the piston and which engage the ¢ylin-
der wall to form the desired seal. Prior to my
invention laminated piston rings have not been
entirely satisfactory because it has not been pos-
sible to manufacture the individual relatively
thin ring sections with the required accuracy or
of suitable material. It is necessary that each
ring be held within very close limits as to diam-
o2 eter, cross sectional thickness and cross sectional
width. It is particularly necessary that the diam-
eter of each individual ring of a built up lam-
inated piston ring be substantially exactly the
same so that all of the individual rings will en-
gage the piston wall in the same manner. It is
also essential that the thickness of the metal of
each individual ring be held within extremely
close tolerances (for example plus or minus
.0001"’) because  any variation or error in the
thickness of the individual rings will be multi-
plied in ‘& built-up laminated ring. Thus, if each
individual ring were .001’’ oversize and five rings
were necessary to fill the piston groove, the entire
assembly of rings would be .005’’ oversize which
would be prohibitive-as it would be impossible
to insert the rings in the groove. I all of the
rings were undersize the error would accumulate
in like manner and a loose or sloppy fit would
result which would cause the ring to wear out
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very quickly’ and become ineffective for its in-
tended purpose.

With my improved apparatus and by my im-
proved method T am able to rapidly and accurate-
ly produce, from a long coil of ribbon of the
proper cross sectional shape, the individual rings
necessary to build up a laminated piston ring.

In order to form the ribbon into ring form it
may be passed between a pair of driven feed rolls
and then caused to be bent into ring form by
engagement with a stationary pin or other ob-
struction. It will be evident that by properly po-
sitioning such an obstruction in the path of a rib-
bon moving in the direction of its length and by
properly guiding the ribbon to prevent undesired
twisting, the ribbon will be bent into a ring the
diameter of which will depend upon the position
of the obstruction and the force which it exerts
against the moving ribbon. If rings thus gen-
erated are not severed the ribbon will be bent
into a coil.

I have found, however, that when the proce-
dure just outlined is carried out successive rings
will not be of the same diameter but will vary
to such an extent that they are unsuitable for
piston ring purposes. It is my opinion, based on
my work in this field, that this variation is due
to variations in the metallic structure, hardness,
cross sectional dimensions, ete. of the ribbon
which is being fed through the feed rolls; and
that if a ribbon of absolutely uniform dimensions
and characteristics could be obtained the rings
or coils so formed of such ribbon would be abso-
Tutely uniform in diameter. However, it is a
practical impossibility to -obtain such a ribbon
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and it has therefore been necessary to develop my

improved. process whereby a succession of rings
can be continuously formed from a ribbon, said
rings being maintained within extremely close
diametral dimension limits.

It is therefore among the objects of my inven-
tion to provide an improved method for forming
rings from metallic ribbon -or the like whereby
each successive ring will be of the same diameter,
within very close tolerances, regardless of vari-
ationsin the cross sectional dimensions, hardness
or other characteristics of the ribbon from which
the rings are formed.

Other objects of my invention are the provi-
sion of a simple and effective apparatus for auto-
matically and continuously forming a length of
metallic ribbon into accurately sized rings and
severing each ring as it is formed; the provision
of an automatic ring forming machine which
may be readily adjusted to make rings of various

40

55




10

35

40

60

2

sizes; and the provision of a simple and inexpen-
sive means for rapidly and accurately producing
rings of the type described.

The above and other objects of my invention
will appear from the following description of the
preferred steps of my method and one embodi-
ment of my improved apparatus for carrying out
my method, reference being had to the accom-
panying drawings, in which—

Figure 1 is a side elevation of my ring forming
machine with a reel of ribbon stock in position
to be formed into rings.

Figure 2 is a side view, partly in sectlon, of
the machine shown in Figure 1.

Pigure 3 is an enlarged plan view, taken sub-
stantially on line 3—3 of Figure 1, illustrating
the ribbon feeding and forming mechanism.

Figure 4 is a cross-sectional view of my form-
ing machine taken on line 4—4 of Figure 2 and
illustrating the stop latch and its actuating cam.

Figure 5 is an enlarged view, taken on line
5—b5 of Figure 3, illustrating the adjusting mech-
anism for the ribbon guide.

Figure 6 is an enlarged cross-sectional view of
the ribbon cut-off mechanism and its actuating
cam.

Figure 7 is an enlarged cross-sectional view of
the adjustable ribbon guide roll. )

Figure 8 is a view taken on line 8—8 of Fig-
ure 3, illustrating the guiding slots and bending
pins in the ends of the bending bars.

T have described above a simple method of con-
tinuously forming rings from an elongated strip
of metal and have pointed out the objectionable
features of this method insofar as the manufac-
ture of uniformly accurate rings for laminated
piston rings is concerned. I have found that I
can! obtain the desired accuracy in the dimen-
sions of successive rings if, after forming the
rings as noted above to a certain diameter by a
primary bending operation, I then re-form the
rings to another diameter by a secondary bending
operation. In carrying out my method, for ex-
ample to produce a ring of 3’ diameter, I prefer-
ably first exert a primary bending force on the
ribbon (while the ribbon is being moved in the
direction of its length) sufficient to form a ring
of substantially 234’’ diameter. As noted above
the 234’ rings, due to variations in the charac-
teristics of the ribbon being fed against the bend-
ing pin, will not be maintained accurately at
234’’ diameter but may vary from about 254"’ to
27’" in diameter. If a soft spot in the ribbon,
or a portion of smaller cross section, is encount-
ered the metal will bend more readily and will,
therefore, form a ring of smaller than the desired
(2%4"") diameter while if a hard or oversize por-
tion of the ribbon is encountered the ring will

‘not bend so readily and the result will be a ring

of greater than the desired diameter.

In order to overcome this defect I re-form the
said 234’ diameter ring by bending it outwardly
in the reverse direction from the first or primary
bend by a secondary bending force until a ring
of 3" diameter is formed. This second bending
operation, as will later clearly appear, is done
continuously and before the first or 234’ ring is
completely formed. I have found that this re-
bending or reforming of the ribbon to a diameter
different from. that to which it was originally
formed greatly reduces the diametral variation
between successive rings and enables me to pro-
duce rings within the necessary commercial limi-
tations of say plus or minus .002°". .

I attribute the results obtained to the fact that
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the relatively soft portions of the ribbon, which
were formed into a relatively small diameter ring
in the first bending operation because of the
ease with which the metal takes a set, will, for
the same reason, be re-bent to a relatively great
degree during the secondary re-bending or re-
forming step. Likewise, the relatively hard por-
tions of the ribbon which would not take the nor-
mal degree of bending in the first ring forming
operation will likewise resist the re-bending oper-
ation and will not take what may be termed the
normal degree of set or bend. In other words,
the portions of the ribbon which may be con-
sidered to be of normal size and characteristics
will be bent to a diameter of substantially exactly
234’ during the first bend and will be re-bent
to a diameter of substantially exactly 3’ during
the re-bending operation. The normal diametral
change in the secocnd bending operation is thus
1,’’. Portions of the ring which are softer or
smaller in cross-sectional area than normal will
be bent to a diameter of say, for example, 2%’
during the first bending operation but will also
be re-bent in the second bending operation from

254’7 to 3’ diameter, due to the greater ease with: 2

which the soft or small section material bends.
In this case the second bending changes the di-
ameter 33'’. In like manner the relatively hard
or oversize portions, which may have been bent
to a diameter of 2%’’ during the first bending
operation, will resist the re-bending operation
more than the normal stock and will also be bent
to a diameter of 3’/ during the re-bending opera-
tion. The change in diameter in the second
bending of the hard stock will thus be only %’’.
It will be noted that the finished ring in the above
example is approximately 8% larger in diameter
than the average ring or arc formed by the pri-
mary bending operation. I have found that sat~
isfactory results may be obtained if the difference
in diameter between the ring or arc formed by
the first or primary bending and the finished ring
diameter is maintained between 5% and 15% of
the finished diameter. However, I do not wish
to be limited to this particular range of percent-
age as it may be found that with some materials
and in some cases a greater or less degree of re-
bending will be effective to produce a ring of the
desired accuracy.

It will be seen from the above that the re-
formed rings will be of a uniform 3’/ diameter
regardless of variations in the characteristics of
the ribbon. It will also be understood that this
re-bending operation might be repeated a num-

ber of times and that in each repetition of the :

operation the accuracy and degree of uniformity
of the resulting rings would be increased. I have
found, however, that for commercial purposes,
utilizing bronze or steel ribbon suitable for piston
rings, one rebending operation is sufficient to ob~
tain the desired accuracy.

In order to carry out the above described meth-
od, T have developed the apparatus illustrated in
the drawings. Referring particularly to Figure 1,
the ribbon stock 8, which has previously been
rolled to the desired accurate cross-sectional di-
mensions preferably in a rolling mill of the type
described and claimed in my co-pending appli-
cation, Serial No. 8,322, filed February 26, 1935,
is wound -upon a reel | rotatably supported at
2 by the horizontal arm 3. The arm 3 is secured
at its left hand end to the base 4 and is sup-
ported at its right hand end by the spring 3’
which extends downwardly from the table 6. A
friction braking device 1 is mounted on the bar
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5 and is adapted to be spring pressed into en-
gagement with the side of the reel | and exert a
bredetermined braking effect thereon in order to
prevent the reel | from overrunning and unwind-
ing the ribbon too fast.

The ribbon 8, after leaving- the reel I, passes
over the idler guide pulley 9 which is rotatably
mounted on the end of an arm {9. This arm 10 ig
pivotally supported at {1 on the outer end of the
arm 3 and a spring 12 extends from the bottom
end of the arm 10 to the inner end of the arm 3.
It will be seen from the above description that
the idler roll 9 is resiliently mounted and that any
shocks or jerks upon the ribbon 8 as it is fed into
the machine will be absorbed by the spring 12. A
pin 13, mounted on the lower end of the bar 5,
serves as a stop for the arm 10 and limits the
movement of the roller 9 in clockwise direction.

After the ribbon 8 leaves the roller 9 it passes
upwardly over another guide roller 14 carried by
the lever arm 15 which is pivotally mounted at 16
on a bracket 1T supported on the base 8 of the
machine. The bracket (T is preferably made so
that it is susceptible to vertical adjustment to
accommodate different sizes of feed rolls for roll-
ing various ring sizes, the upper portion being
adapted to slide on the supporting rod 18 and be
held in the desired position by a set screw or
other suitable means 19. A box B filled with waste
or the like and saturated with a suitable lubricant
may be mounted on the lever {5 in the line of
travel of the ribbon. The ribbon passes through
the box and is lubricated by contact with the
waste. This facilitates the passage of the ribbon
through the various rolls and guides.

The pivot 16 forms the fulerum of the lever 15.
On the long end of this lever, beyond the roller

‘14, is mounted an adjustable weight 20 and the

feed roll 21 is rotatably mounted on the short
end of the lever 15. A driving gear 22 is'secured
to. the roll 21 and is rotatable therewith. This
gear 22 meshes with the large driving gear 23
which is rotatably mounted on the shaft which
forms the pivot 16 for thelever I15. Another driv-
ing gear 24 meshes with the gear 23 and is rotat-
ably mounted on shaft 25 which is carried by the
adjustable bracket 28.

The top feed roll 21 is mounted on the end of
the shaft 28 and is driven thereby. The driving
gear 29 is also carried by the shaft 28 and is rotat-
able with the roll 21. This gear 29 meshes with
the large gear 24 and it will be seen that the bot-

tom, feed roll 21 will be driven with the top feed

roll 27 through the gears 29, 24, 23, and 22. Inas-
much as the gears 29 and 22 and the gears 24 and
23 are identical, the rolls 2{ and 27 will rotate at
exactly the same speed. The weight 20 on the end
of the lever arm 5 will maintain the desired pres-
sure on the ribbon 8 as it passes between t¢he rolls
21 and 27. By moving the weight 20 toward or
away from the fulcrum (¢ the pressure exerted on
the ribbon by the feed rolls can be varied. As it
Is desired to obtain the greatest possible feeding
force without distorting or reducing the cross-sec-
tional dimensions of the ribbon, it is important
that the frictional engagement between the feed
rolls 21 and 27 and the ribbon 8 be maintained at
a point just before distortion of the ribbon occurs.

The bracket 26 carries the feed roll 24 and is
supported at its lower end by the bearing bushing
30 (Fig. 2) which forms one of the bearings for
the shaft 28. This bracket 26 is slotted at 26’
and a bolt 31 extends through the slot 26’. This
bolt 81'is secured to the bracket 32 which in turn
is mounted on the head frame 33 of the machine.

3

The bracket 26 may be given a certain degree of
rotational movement about ‘its support on the
bearing bushing 38, and may be clamped in the de-
sired position by the nut on the end of the bolt 31.
In this way the position of the gear 24 relative to
the gear 28 can be adjusted to compensate for any
change in the vertical position of the pivot pin
16 and the gear 23 to take care of different sizes
of feed rolls 21 and 27.

As is best seen in Figure 2, the shaft 28 is sup-
ported by bearings in the upwardly extending
front arm 34 of the top frame 33 and the upwardly
extending rear arm 35. 'The end of the shaft 28,
which projects behind the arm 35, carries the
clutch disc 38 which is keyed or otherwise secured
to the shaft 28. As will later appear, this clutch
disc 36 is provided with a notch in its periphery
which is effective in securing the desired inter-
mittent rotational movement of the shaft 28.

Another clutch disc member 37 is rotatably
supported on the shaft 28.  The disc 36 has a fric-
tion face 8%’ and the disc 37 has a similar fric-
tion face 31’. "These frictional surfaces are held
in engagement by the spring 388, which is main-
tained in compression between the ball thrust
bearing 39 and the washer 40, which is held on the
end of the shaft 28 by lock nuts 44, 'The outer pe-
riphery of the friction disc 37 is formed with

gear teeth which engage a gear 42 on the drive

shaft 43. The gear or disc 37 is smaller than
gear 42 for reasons which will 1ater appear. Shaft
43 is secured to the shaft 44 by the coupling 45.
In the illustrated embodiment of my inveation the
driving motor 46 is mounted at the bottom. of
the base 4 and the driving connection to the shafts
44 and 48 is effected through the belt 47 and suit-
able gearing in the gear box 48,

In the operation of my improved ring-forming
machine it is preferable to rotate the driving rolls
21 and 27 intermittently, stopping the rolls for a
short time between each complete revolution
thereof in order to permit the cit-off operation to
take place while the ribbon is stationary. This
movement is accomplished by the mechanism
which is best seen in Figures 2 and 4. The clutch,

~which is made up of the discs 36 and 37 and their

friction faces 36’ and 37’, is continuously held in
engagement by the spring 38 and, unless some

‘outside force is' interposed, the shaft 28 would

be continuously rotated by the shaft 43 which
is’ continuously driven from the motor 46. In
order to cause the shaft 28 and the feed rolls 21
and 21, driven thereby, to rotate intermittently, I
form a notch 49 in the periphery of the disc 3§
(see Fig. 4). Supported on a suitable bracket 50,
adjacent the disc 36, is a bracket 51. A bell crank
lever having arms 52 and 52’ is pivotally mount-
ed at the top of the bracket 5i. The arm 52’
extends downwardly through a slot 53 in the
bracket 5! and engages a latch pin 54 which is
slidably supperted in a suitable slot in the base of
the bracket 51.

As is seen in Figure 4, the end of the latch pin
94 is adapted to fit nicely in the notch 49 in the
rim of the disc:-36." When in this position move-
ment of the disc:36 and the shaft 28 to. which it

Is secured, is prevented and the clutch faces 26’

and 37’ will slip. = As soon as the pin 54 is with-

-drawn from' the notch 49 the disc 36 and the

shaft 28, together with the feed rolls 21 and 27,

-will immediately start to revolve; and the feeding

of the ribbon will be continued. The movement
of the pin 54 is controlled by the cam 55 carried

-by the shaft 43. This cam isengaged by a roller
58 carried at the outer end of the bell crank arm -
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The spring 57, disposed in the slot 83, exerts a
force tending to move the arm 52’ to the right
and to cause the latch pin 54 to move into the
slot 49.

The cam 55 is so contoured and positioned that
the latch 54 will ride upon the peripheral sur-
face of the disc 36 during the major portion of a
revolution thereof but is permitted to drop into
the notch 49 when the notch and latch pin be-
come aligned. After the latch 54 has remained
in notch &9 a time sufficient to permit the cut-
ting-off operation to be completed, as will be
explained later, a projection 55’ on cam 55 pushes
the arm 52 downwardly causing the arm 52’ to
move to the left and withdrawing the latch pin
54 from the notch 49. When this occurs the disc
38 immediately starts to rotate due to the con-
tinuous engagement of the clutch faces 36’ and
37’ and the notch 49 will move out of alignment
with the pin 54. As soon as this initial move-
ment of the disc 36 Has taken place, the cam 55
will permit the pin 54 to again be pushed by
spring 37 into engagement with the periphery of
the disc 36 upon which it will continue to ride
until the notch 49 comes around again, when the
above desecribed cycle will be repeated.

- It will be seen from the above, that the feed
rolis 21 and 27 will be caused to rotate through
one complete revolution, stop for a predeter-
mined length of time and then continue their
rotation for another revolution, this cycle being
repeated so long as the driving motor 46 is
operated. -

After the ribbon 8 passes between the feed
rolls 2¢ and 27 it enters the guide 572 As is
seen in Figure 5 this guide 572 is formed with a
rectangular aperture 517’ which guides the ribbon
and holds it in the desired plane. As the ribbon
leaves the end of the guide 5712 it passes around
the slotted guide roll 58. As is best seen in Fig-
ure 7 roll 58 is vertically adjustable to properly
align the ribbon before it enters the bending sec-
tion of the machine. The groove 58 in the roll
58 is preferably just slightly wider than the thick-
ness of the ribbon and just slightly deeper than
the width of the ribbon so that it prevents the
ribbon from twisting as it is bent into ring form.
From the roll 58 the ribbon passes through a
slot 60’ (see Fig. 8) in the end of the first bend-
ing bar 60. A pin 61, preferably of hardened steel
or the like, extends across the slot 60’ and en-
gages the outer edge of the ribbon. The end of
the bar 60 opposite the pin 6f is provided with
a micrometer adjustment indicated abt 62 so
that the pin 8f can be accurately positioned and
moved toward or away from the center of the roll
58, By adjusting the position of the bar 60 and
the pin 61 to impose the proper bending force
on the ribbon 8 a ring of the desired diameter can
be formed. This bar 60 and pin 61, with their
associated parts, may be said to constitute a pri-~
mary bending means. However, this single
forming operation, as has been pointed out above,
will not produce a series of rings which are con-
sistently of the same diameter due to variations
in the ribbon stock. In order to overcome these
irregularities a second forming bar 63 is pro-
vided. This bar extends through and is mount-
ed in the frame 64 in the same manner as and
adjacent to the bar 60. 'The end of bar 63 is
also slotted at 63’ and provided with a pin 65.
As is clearly seen in Figures 8 and 8 the ribbon 8
passes between the pin 65 and the bottom - of
the slot 63’. The bar 63 is so adjusted by means
of the micrometer adjustment indicated at 66 that

2,111,574

the pin 65 pulls outwardly on the ribbon which
has previously been bent inwardly by the pin 61l.
The bar 63 and pin 65, with their associated
parts, may be said to constitute a secondary or
re-bending means. By properly adjusting the
bars 60 and 63 and their pins 61 and 65 by means
of their micrometer mountings in the frame 64,
the ribbon 8, which is fed by the feed rolls 21 and
271, would be formed into a continuous spiral or
series of rings of uniformly accurate diameter in
in the absence of any cut-off mechanism,

In order to form the bent ribbon into separate
rings which are adaptable for use in laminated
piston rings I provide a cut-off mechanism which
cuts off each complete ring as it is formed. This
cut-off mechanism includes an anvil member 67
(see Fig. 6) which supports the bottom cutting
knife 68. The upper cutting knife 69 cooperates
with the bottom knife to shear the ribbon and
is carried by a plunger 70 which extends through
a suitable bushing 11 in the adjustable frame T2
and is provided at its upper end with a flanged
headed screw 13 on which is mounted an adjust-
able disc 78. A spring 75 is held in compression
between the disc T4 and the top end of the bush-
ing Tl. This spring tends to maintain the cut-
ter 69 in its lifted position, as seen in Figure 6.
A cutter operating shaft 76 (see Figs. 3 and 6)
is rotatably supported at its ends in bearings in
the bracket member 11 which is mounted on the
frame of the machine. An eccentrically disposed
cam member 18 is keyed to the shaft 16 directly
above the head of the screw 138 and is adapted fo
engage the head of said screw. Arm 18° (see
Fig. 1) is keyed to the shaft 76 adjacent the rear
bearing of the bracket 71. This arm 78’ is con-
nected to the arm or lever 19 by an adjustable
link 80 which has pivotal connections at the ends
of the arms 78’ and 19. Lever T9 is pivoted at its
opposite end to the bracket 32 and carries a fol-
lower roller 81 which rides in the cam groove
82 of the cam 83. The cam 83 is secured to the
front end of the shaft 43 and the cam contour
82 is such that the lever 19, link 80 and lever
18’ will be operated once during each revolution
of the shaft 43 and the cam 83 to give an oscilla-
tory movement to the shaft T6.

Referring to Figure 6, this oscillatory move-
ment of shaft 6 will be first in counter clock-
wise direction and then in clockwise direction.
During the counter clockwise movement of shaft
716 cam 718 will push the plunger 78 and cutter
69 down, cutting off the stock between the cut-
ters 69 and 68. As is seen in Figure 3 the ribbon
which has been formed into a ring slides over
the cutting edge of the cutter 68 as it is being
fed through the machine and thus is always in
position to be cut off during the cufting stroke
of the knife 69. It will be understood that it is
necessary to time the movement of the cutter
69 so that it occurs while the latch 54 is in the
notch 49 and the feed rolls 2¢f and 27 and ribbon
8 are stationary.

The cams 55 and €3 are mounted on the same
shaft 43 and therefore the feed rolls will be
stopped and the cut-off mechanism actuated in
definite timed relation. As is seen in Figure 4
the gear 42 is larger than the gear 37. In de-
signing the machine just enough more teeth are
provided on the gear 42 than on the gear 37
to permit of a complete stop and cut-off opera-
tion. The gear §7, the disc 28 and the shaift
28 will rotate together for a complete revolution
and then the shaft 28 and disc 36 will stop while
the gear 37 and gear 42 continue to rotate
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through the angular distance necessary to effect
a complete stop and cut-off operation. As soon
as the cut-off stroke is completed the latch 58
will be withdrawn from the notch 49 and the
disc 86 and shaft 28 will be immediately picked
up by the clutch and the stock feeding movement
resumed. .

It will be understood that by varying the sizes
of the feed rolls 21 and 27, rings of different
diameter may be formed. - The circumiference of
the rolls 21 and 27 should be substantially the
same as the length of theé ribbon making up a
single ring. The position of the cut-off mecha-
nism can be adjusted by moving the frame 712
and the cam 78 along the shaft 76. Likewise the
position of the bending pins 81 and 65 can be
adjusted by the micrometer screws in order to
accommodate rings of a considerable range of
sizes.

As is seen in Flgures 3 and 5 the guide member
B7=-is: mounted in cylindrical bushings 85 which
are carried in brackets 86 on the supporting
frame 87. .The guide 57 may be given & rotary
movement by adjusting the set screws 88 and 89
and its vertical position may be. adjusted by the
set screws. 90 and §l.  These adjustments are
provided so that the guide 572 can be positioned
to receive the ribbon from different sizes of feed
rolls.and also so: that it can be adjusted to
properly: deliver the ribbon to the gmde roll 58
and. the bending pins-61 and 63."
~ As:is seen in Pigure 7 the gmde roll 58 is
mounted on a vertical shaft 92 which fits within
a sleeve 893. The vertical position of the sleeve
93 and the shaft 92 -can be regulated by the
screws 84 and 85, screw 94 having threaded en-
gagement with the frame and screw 85 being
adapted to abut against the frame.

In the operation of my.improved ring forming
machine it is merely necessary to place a reel
of ribbon on the arm 3 and feed the ribbon up
over the guide rolls 9 and (4 and between the
feed rolls 21 and 27. Preferably the ribbon is
formed slightly thinner on one edge than on the
other. and the reel is so arranged that the thin
edge of the ribbon is toward the front as is seen
in -Figure 1.’ .The surface of the feed rolls 2t
and 27 may be contoured to fit this tapered
section ribbon and the top roll 271 is provided
with a flange 271" (Fig. 2) to prevent the ribbon
from running off the rolls. The desired fric-
tional engagement “is. obtained between the rib-
bon and the rolls by the action of the adjust-
able weight .20 on the lever arm 5. As both

. the top and bottom feed rolls 21 and 27 are

driven the maximum driving effort can be pro-
duced with a minimum pressure on-the ribbon
and in- this way the ribbon can be fed without
distorting its cross-sectional dimensions. After
it leaves the feed rolls the ribbon passes through
the guide 57%. .In starting the machine in opera-
tion the end of the ribbon is bent by hand around
the guide roll §8, past the primary bending pin
61 and between the secondary bending pin 65

- and the inner end of the groove 863’ in the bar

€3. . After this initial manual bending the motor
48 may be started and the ribbon will be fed by
the feed rolls and bent by the pins 61 and 65
into a ring of accurate diameter. As soon as a
complete ring has been formed the feed rolls will
stop and the cut-off knives will act to sever the
ring. The feed rolls will then again start. and
feed through the machine a length of ribbon
sufficient to form one complete ring. When this
has been done the machine will again stop and
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the cut-off operation will be repeated. This cycle
will be continued until the roll of ribbon is ex-
hausted or the driving motor is stopped.

By forming the ribbon slightly thinner on the
inside edge than on the outside edge the result-
ing ring will be of uniform thickness across its
entire width. This is due to the thickening of
the metal on the inside of the neutral axis of
the ring due to the compression which takes
place during the forming operation and the re-
duction in thickness at the outside due to the
tensile force exerted thereon. By supplying a
properly shaped ribbon the finished rings will be
of substantially uniform thickness and, due to
my - improved foriming method, each ring will
be of uniform diameter within very close limits
regardless of variations in the eharacteristics of
the ribbon, ete.

Although I have descnbed in considerable de-:
tail the illustrated embodiment of a. machine
for carrying out my improved method it will
be -understood by those skilled in the art that
many variations and modifications may be made
in the specific apparatus illustrated and de-
scribed.  ‘Other types of devices might be pro-
vided for bending and cutting off- the ribbon

in accordance with my improved method. I do.

not- therefore wish. to be limited to the specific
form herein described and illustrated but claim
as my invention all embodiments thereof coming
within the scope of the appended claims.

I claim:

-1, The method of forming a ring from a metal
wire or the like which includes the steps of mov-
ing the ribbon in the direction of its length, im-
posing a primary bending force on the moving
ribbon whereby the moving ribbon will be bent
to form a ring, imposing a second bending force
on said moving ribbon opposite to said primary
force whereby the ribbon will assume a ring form
of diameter different from that of the primary
bend. .

2. The method of forming a ring of wire or the
like which includes the steps of moving the wire
in the direction of its length, bending the mov-
ing wire to form a ring, and then while contin-
uing said bending of the moving wire, re~-bending
the moving wire to form a ring of different diam-
eter, said re-bending taking place before a com-
plete ring is formed. - R

3. The method of Torming a ring of wire or the
like which includes the steps of moving the wire
in the direction of its length, bending the mov-
ing wire to form a ring, and then, while contin-
uing said bending of the moving wire; re-bending
the moving wire to form a ring of different digm-
eter, said re-bending being in a direction oppo-
site to the first bending.

4. The method of forming a metal ribbon or
the like into ring form which includes the steps
of first bending the ribbon to form a ring of one
diameter and then re-bending the ribbon to form
a ring of another diameter, said re-bending being
effected on one part of the ribbon while the first
bending is being effected on another part of the
ribbon and before a complete ring has been
formed by said first bending.

5. The method of forming rings of metal rib-
bon, wire or the like which includes the steps of
moving the ribbon in the direction of its length,
bending the moving ribbon to form a ring of a
predetermined diameter, and re-bending the
moving ribbon, at a. point adjacent said first
bending while continuing said first bending, to
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form a ring of a diameter between 5% and 15%
different from the diameter first formed.

6. The method of forming rings of metal rib-
bon, wire or the like which includes the steps of
moving the ribbon in the direction of its length,
bending the moving ribbon to form a ring of
a predetermined diameter, re-bending the mov-
ing ribbon to form a ring of a diameter between
5% and 159% different from the diameter first
formed, stopping the movement of and severing
the ribbon as each ring is formed and continu-
ing said forming and severing operations in a
repeating cycle.

7. The method of forming rings of metal rib-
bon, wire or the like which includes the steps of
moving the ribbon in the-direction of its length,
bending the moving ribbon to form a ring of
one diameter, re-bending the moving ribbon to
form a ring of another diameter, and stopping
the movement of and severing the ribbon as each
ring is formed.

8. The method of forming rings of metal rib-
bon, wire or the like which includes the steps of
moving the ribbon in the direction of its length,
bending the moving ribbon to.form a ring- of one
diameter, re-bending the moving ribbon to form
a ring of another diameter, stopping the move-
ment of and severing the ribbon as each ring is
formed, and continuing said forming and sever-

- ing operations in a repeating cycle.

9. The method of forming rings of metal rib-
bon or the like, of greater cross-sectional width
than depth, which includes the steps of moving
the ribbon in the direction of its length, bending

5. the moving ribbon to form a ring while main-

taining the cross-sectional width substantially
in a plane extending radially of the ring being
formed, re-bending the moving ribbon to form a
ring of different diameter than that first formed
and severing the ribbon into completed rings.

10. The method of forming rings of metal rib-

bon or the like which includes the steps of mov-:

ing a ribbon of greater cross-sectional width than
depth and greater cross-sectional depth at one
edge than at the other in the direction of its
length, bending the moving ribbon to form a ring
while maintaining the cross-sectional width sub-
stantially in a plane extending radially of the ring
being formed, the edge of the ribbon of least
depth being disposed to the.inside.of the ring
being formed, and re-bending the moving rib-
bon to form & ring of different diameter than
that first formed.

11. In a machine for forming rings or the

- like, the combination of a pair of driven feed

rolls, means for guiding a wire or the like to
said feed rolls, primary wire bending means in-
terposed in the path of the wire leaving the feed
rolls, secondary wire bending means positioned
to bend said wire after said primary bending
means, cut-off mechanism adapted to sever the
wire after it has been bent by said secondary
bending means, means for causing said feed
roils to have intermittent rotation and means
for operating said cut-off mechanism to sever
the wire when the feed rolls are stationary.

12, In apparatus for forming rings from wire
or the like, a pair of feed rolls adapted to feed
the wire in the direction of its length, primary

. wire bending means interposed in the path of

the wire after leaving said feed rolls and adapted
to deflect the wire sufficiently to cause it to take
a permanent set and be bent into ring form,
and secondary wire bending means interposed in
the path of the wire leaving said primary bend-
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ing means, said secondary bending means being
adapted to re-bend the wire into a ring of dif-
ferent diameter than that formed by said primary
bending means.

13. In apparatus for forming rings from wire
or the like, a pair of feed rolls adapted to feed
the wire in the direction of its length, primary
wire bending means interposed in the path of
the wire after leaving said feed rolls and adapted
to deflect the wire sufficiently to cause it to take
a permanent set and be bent into ring form,
secondary wire bending means interposed in
the path of the wire leaving said primary bend-
ing means, said secondary bending means heing
adapted to re-bend the wire into a ring of dif-
ferent diameter than that formed by said primary
bending means, and independent adjusting means
for adjusting said primary and secondary bend-
ing means to vary the diameter of the rings
formed thereby.

14. In apparatus for forming rings from wire
or the like, a pair of feed rolls adapted to feed
the wire in the direction of its length, primary
wire bending means interposed in the path of
the wire after leaving said feed rolls and adapted
to deflect the wire sufficiently to cause it to take
a permanent set and be bent into ring form,
secondary wire bending means interposed in
the path of the wire leaving said primary bend-
ing means, said secondary bending means being
adapted to re-~bend the wire into a ring of dif-
ferent diameter than that formed by said primary
bending means, and independent adjusting means
for adjusting said primary and secondary bend-
ing means to vary the diameter of the rings
formed thereby, said secondary bending means
being positioned to re-bend said ribbon before a
complete ring is formed due to the action of said
primary bending means.

15, In apparatus for bending wire ribbon or
the like into ring form, a pair of feed rolls, re-
silient means for maintaining said feed rolls in
feeding engagement with the ribbon, driving
means for rotating said rolls together, said driv-
ing means including means for intermittently
stopping the rotation of said rolls for a prede-
termined period, means for bending the ribbon
into ring form, means for severing the ribbon to
separate the completed rings, and cam means
for controlling said roll stopping means and said
ribbon severing means whereby said ribbon will
be severed when said rolls and ribbon are sta-
tionary.

16, In apparatus for bending wire ribbon or
the like into ring form, a pair of feed rolls, ad-
justable resilient means for maintaining said
feed rolls in feeding engagement with the rib-
bon, driving means for rotating said rolls to-
gether, said driving means including means for
intermittently stopping the rotation of said rolls
for a predetermined period, means for bending
the ribbon into ring form, means for severing the
ribbon to separate the completed rings, and cam
means for controlling said roll stopping means
and said ribbon severing means whereby said
ribbon will be severed when said rolls and
ribbon are stationary, said cam means being
adapted to be actuated by said roll driving
means.

17. In apparatus of the class described, a pair
of rotatable feed rolls adapted to feed a wire
ribbon in the direction of its length, means for
varying the pressure of said rolls on the ribbon,
means for adjusting the roll shafts toward or
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diameters may be used, and & bending bar hav-

ing a slotted end and a pin extending across the
slot, said slot and pin being adapted to guide and
bend the ribbon into ring form as it is fed by
said rolls.

18. In apparatus of the class described, a pair
of rotatable feed rolls adapted to feed a wire
ribbon in the direction of its length, means for
varying the pressure of said rolls on the rib-
bon, means for adjusting the roll shafts toward
or away from each other whereby rolls of dif-
ferent diameters may be used, a bending bar
having a slotted end and a pin extending across
the slot, said slot and pin being adapted to guide
and bend the ribbon into ring form as it is fed
by said rolls, and & second bending bar having
a slotted end and a pin extending across the
slot, said second slot and pin being adapted to
guide and re-bend the ribbon into a ring of dif-
ferent size than that formed by said first bending
bar.

19, In apparatus of the class described, a pair
of rotatable feed rolls adapted to feed a wire
ribbon in the direction of its length, means for
varying the pressure of said rolls on the rib-
bon, means for adjusting the roll shafts toward
or away from each other whereby rolls of dif-
ferent diameters may be used, a bending bar
having a slotted end and a pin extending across
the slot, said slot and pin being adapted to guide
and bend the ribbon into ring form as it is fed
by said rolls, a second bending bar having a
slotted end and a pin extending across the slot,
said second siot and pin being adapted to guide
and rebend the ribbon into a ring of different
size than that formed by said first bending bar,
and means for  adjusting the positions of said

bending bars to vary the size of the rings formed -

thereby.

20. The method of forming a metal ribbon
or the like into ring form which includes the
steps .of moving the ribbon in the direction of
its length, bending said moving ribbon into ar-
cuate form and simultaneously re-bending said
moving ribbon in the opposite direction to said
first bending into a ring having a greater radius
than said arcuate form.

21. The method of forming a metal ribbon or
the like into ring form which includes the steps
of moving the ribbon in the direction of its
length, bending said moving ribbon into arcuate
form, re-bending said ribbon into a ring having
a greater radius than said arcuate form, stop-
ping the movement of said ribbon and severing
the completed ring.

22. In apparatus for bending wire ribbon or
the like into ring form, a feed roll, means for
maintaining said feed roll in feeding engage-
ment with the ribbon, means for driving said
feed roll, said driving means including means for
intermittently stopping the rotation of said roll
for a predetermined period, means for bending
the ribbon into ring form, means for severing
the ribbon, and means for controlling said roll
stopping means and said ribbon severing means
whereby said ribbon will be severed while said
roll and ribbon are stopped.

23. In apparatus of the class described, a feed
roll for feeding a wire or the like in the direc-
tion of its length, primary bending means
adapted to give the wire while moving an arcu-
ate form and secondary bending means adapted
to re-bend said moving wire into an arcuate
form of different radius from that imparted by
said primary bending means; said secondary
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bending means being adapted to operate upon
said wire simultaneously with said primary bend-
ing means.

24. In a ring forming machine; a rotatable
feed roll adapted to feed a wire ribbon in the
direction of its length, a primary bending bar in-
terposed in the path of the ribbon, means car-
ried ‘by said primary bending bar for guiding
and bending the ribbon into arcuate form, a
secondary bending bar interposed in the path
of the ribbon adjacent said primary bending
bar, means carried by said secondary bending
bar for guiding said ribbon and bending said
ribbon in a direction opposite to that of said
first bending means whereby rings of accurate
and uniform diameter will be formed.

25, In a ring forming machine, a rotatable
feed roll adapted to feed a wire ribbon in the
direction of its length, a primary bending bar,
means carried by said primary bending bar for
guiding and bending the ribbon into arcuate
form, a secondary bending bar adapted to act
upon said ribbon simultaneously with said
primary bending bar, means carried by said sec-
ondary bending bar for guiding said ribbon and
bending said ribbon in a direction opposite to

o
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that of said first bending means whereby rings .

of accurate and uniform diameter will be formed,
and means for adjusting the position of said
primary and secondary bending means.

26. In a ribbon bending device of the type de-

_ scribed, a feed roll, a bending device, and ad-

justable ribbon guiding means disposed between
said feed roll and said bending device, said guide
means including a member having an aperture
through which the ribbon may pass, cylindrical
trunnion means for supporting said member, a
bracket for said trunnion and mesans for adjust-
ing the vertical and horizontal positions of said
bracket whereby said apertured member may be
adjusted to direct the ribbon from said feed
roll to said bending device. .

27. In apparatus of the type described, a feed
roll, a shaft supporting said feed roll, a clutch
disc having a friction face mounted on said
shaft and secured thereto for rotation therewith,
a cooperating clutch disc and friction: face ro-
tatably supported on said shaft, means for hold-
ing said friction faces in engagement, means
for driving said cooperating clutch disc whereby
said shaft and feed roll may be driven and
means for locking from rotation the clutch disc
which is secured to said shaft.

28. In apparatus of the type described, a feed
roll, a shaft supporting said feed roll, a clutch
disc having a friction face mounted on said shaft
and secured thereto for rotation therewith, a co-
operating clutch disc and friction face rotatably
supported on said shaft, means for holding said
friction faces in engagement, means for driv-
ing said cooperating clutch disc whereby said
shaft and feed roll may be driven, means for
locking from rotation the clutch dise which is
secured to said shaft, and means associated with
the means for driving said cooperating clutch
disc for intermittently causing said first named
clutch disc to be locked from rotation.

29. In apparatus of the type described, a feed
roll,. a shaft supporting said feed roll, a drive
shaft, means for continuously rotating said drive
shaft, friction clutch means for effecting driving
engagement between said roll shaft and said
drive shaft, spring means for maintaining said
clutch in constant engagement, a latch pin
adapted when in one position to lock said roll

30

35

40

45

50

55

60

65

70

75




8

shaft from rotation, and means operated by said
drive shaft for moving said latch pin out of lock-
ing position to permit rotation of said roll shaft
and roll.

30. In apparatus for forming rings from metal-
lic ribbon or the like, means for feeding the rib-
bon in the direction of its length, primary bend-
ing means interposed in the path of the ribbon
and adapted to deflect the ribbon sufficiently to
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cause it to take 4. permanent set and be bent into
ring form, and secondary ribbon bending means
interposed in the path of the ribbon as it leaves
said primary bhending means, said secondary
bending means bheing adapted to re-bend said
ribbon into a ring of different diameter than that
formed by said primary bending means.

DEAN M. SOLENBERGER.
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