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‘ ABSTRACT: A ?ex ring forming tool, forming apparatus, and 
method of cold-forming a pro?led workpiece through radial 
material flow is disclosed wherein the ?ex ring has an internal 
pro?le complementary to the pro?le of the ?nished workpiece 
and wherein the lands of the ?ex ring forming pro?les have 
uniform, relatively narrow widths from the minimum depth 
leading ends to the maximum depth trailing ends of the 
pro?les while the widths of the forming pro?les at a given radi 
al distance from the center of the?ex ring gradually increases 
from their leading to their trailing ends. The ?ex ring is 
de?ected inwardly to penetrate the workpiece blank as the 
workpiece is fed therethrough with the feed of the workpiece 
and the ?exing of the ring by the apparatus being coordinated 
so that the workpiece is progressively formed into the desired 
pro?le by the straining of localized circumferential areas of 
the workpiece and the resulting radial material ?ow in the 
workpiece blank. ' 
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FORMING TQOlL 

BRIEF DESCRIPTION OF THE INVENTION 

The present invention relates to ?ex ring forming tools for 
forming externally pro?led workpieces and, in particular, to 
?ex ring forming tools wherein the forming pro?les of the ?ex 
ring are shaped to inhibit any longitudinal flow of the work 
piece material and obtain formation of the workpiece by 
primarily radial ?ow of the workpiece material. 

' Flex ring forming tools heretofore utilized in the cold-form 
ing ?eld have employed forming pro?les wherein the lands of 
the forming pro?les are greatest in width at the entrance of the 
?ex ring with the lands decreasing in width from the entrance 
of the ?ex ring to the exit of the'?ex ring as the pro?les 
progress from minimum depth to full depth. In addition to the 
above, the widths of the forming pro?les for a given radial 
distance from the axial centerlines of these tools remain con 
stant or substantially constant throughout the length of the 
pro?les. _ 

.One method of forming such ?ex rings is to ?rst machine an 
internally pro?led part and subsequently machine a conelike 
entrance section into it. As a workpiece is fed into one of the 
prior art ?ex rings, substantially all of the forming action is 
produced by the lands or tips of forming pro?les. The reason 
for this is the constant of substantially constant transverse 
cross-sectional width of the forming pro?les, at a given radial 
distance from the center of the workpiece, from the entrance 
to the exit of the ?ex ring and the relatively wide contact areas 
of the forming pro?le lands which have their maximum width 
at the point of ?rst contact with the workpiece. The above, in 
conjunction with the relatively narrow spaces between ad 
jacent pro?le lands, causes substantial straining of the entire 
core of the workpiece when the workpiece is being formed 
and inhibits radial outward ?ow of the workpiece material 
thereby resulting in a progressive reduction of the entire cross 
section of the workpiece along with a corresponding elonga 
tion of the workpiece. As a result of this extruding action, the 
formed part is usually smaller in its exterior dimensions than 
the blanks from which it is formed. Furthermore, it has been 
found that it is usually not possible to produce well-de?ned 
teeth or toothlike pro?les, using this type of ?ex ring, even 
when starting with. blanks of a larger diametrical dimension 
than the intended dimension of the ?nished product. 
The ?ex ring of the present invention solves the above-men~ 

tioned problems by restricting the straining of the workpiece 
blank to localized areas at the periphery of the workpiece 
blank thereby producing material ?ow only in such localized 
areas, while the core of the workpiece blank remains un 
deformed. By avoiding the straining of the entire cross section 
of the workpiece blank to such an extent that material ?ow 
would occur throughout the entire cross section of the work 
piece blank, the lengthwise extrusion of the workpiece blank 
experienced heretofore is prevented. The resulting ?nished 
workpiece has external dimensions substantially the same as 
the original dimensions of the workpiece blank and the teeth 
or pro?les of the blank are accurately formed. 
A preferred form of carrying out the principles of the 

present invention utilizes a ?ex ring forming tool that has an 
internally pro?led shape which is the counterpart or the com 
plement of the shape of the ?nished workpiece. The ?ex ring 
has forming pro?les with relatively narrow tips or lands of 
uniform width from the entrance of the ?ex ring where the 
forming pro?les are of minimum depth to the full depth of the 
forming pro?les at the exit portion of the ?ex ring. The widths 
of the forming pro?les gradually increase, for a given radial 
distance from the axial centerline of the ?ex ring, from the 
leading ends of the forming pro?les until the pro?les reach full 
depth. With this construction, forming action takes place not 
only on the forming pro?le lands but also on the pro?le ?anks 
or sides. The relatively narrow widths of the forming pro?le 
lands together with relatively large spaces between the ad 
jacent pro?le lands and ?anks, which de?ne the areas of con 
tact between the ?ex ring and workpiece blank, promote lo 
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2 
calized material flow radially outward into the space between 
the forming pro?les and inhibit longitudinal flow of the work 
piece material. 

Since the width of the forming pro?le lands remain uniform 
and the widths of the pro?les at a given radial distance from 
the flex ring axial centerline, increase gradually, a progressive 
displacement of the workpiece material takes place in local 
ized peripheral areas adjacent the forming pro?le lands and 
?anks as the workpiece blank is penetrated. This forming ac 
tion leads to a gradual squeezing or pinching of the workpiece 
blank material in the spaces intermediate the forming profiles 
and aids in the displacement of the material radially outward 
into the spaces of the ?ex ring between the forming pro?les. 
Since the core of the material remains unstrained, the material 
deformed by the forming pro?les of the ?ex ring moves radi 
ally outward and the cross section of the formed part measures 
essentially the same as the original cross section of the work‘ 
piece blank. Primarily, only the shape of the ?nished work‘ 
piece differs from that of the workpiece blank. 
The ?ex ring forming tool of the present invention can be 

used to form a workpiece by the method and in the apparatus 
disclosed in my US. Pat. No. 3,396,563, issued Aug. 13, I968 
and titled “Method Of Forming Pro?led Objects" and the en 
tire disclosure of this patent is hereby incorporated into the 
present application by reference. Accordingly, the workpiece 
is cold-formed in a continuous process as it is fed through the 
?ex ring by the application of forces through the ?ex ring to 
the workpiece in limited circumferential zones of the work 
piece while moving the zones relatively circumferentially of 
the workpiece. 
The above objects and advantages of the present invention 

will become more apparent and other objects and advantages 
of the present invention will become apparent from the fol 
lowing detailed description when taken in conjunction with 
the accompanying drawings in which: 

FIG. 1 is a longitudinal section of the ?ex forming tool 
showing a workpiece about to enter the working portion of the 
?ex ring; 

FIG. 1A is a partial section at A-A of FIG. 1 showing only 
a portion of the ?ex ring; 

FIG. '18 is a partial section at B-B of FIG. 1 showing only a 
portion of the Hex ring; 7 

FIG. 1C is a partial section at C—C_ of FIG. 1 showing only a 
portion of the ?ex ring; 

FIG. 1D is an enlarged partial section at D--D of FIG. I dia 
grammatically illustrating the ?ex ring with a formed work 
piece therein and also illustratingin broken lines the shape of 
the ?ex ring pro?le comparatively at A-A, B—-B, and C-C 
of FIG. ll; 

FIG. 2 is a partial section of a machine which can be used 
with the ?ex ring forming tool of the present invention; and 

FIG. 3 is an enlarged and exaggerated partial view showing 
the forming tool as it is ?exed to form the desired pro?le in the 
workpiece when in a forming machine such as that illustrated 
in FIG. 2. , 

DETAILED DESCRIPTION OF THE INVENTION 

As shown in FIG. 1 and 1A through ID, the ?ex ring form 
ing'tool has a plurality of pro?les 22'which are complemental 
to the shape given to the workpiece W. For the purposes of il 
lustration, the formation of a gearlike workpiece with axially 
extending teeth T is depicted. However, if other types of exter 
nally pro?led workpieces are desired, such as workpiece with 
helical gear teeth or helically disposed elements, it is merely 
necessary to have the corresponding forming pro?les on the 
?ex ring similarly helically disposed and the desired shape will 
be obtained on the workpiece since the flex ring produces a 
?nished workpiece which is its complement or counterpart. 
The ?ex ring forming tool 20 is made of a suitable metal that 

is capable of being elastically deformed, such as by the appli 
cation of forces thereto in limited zones spaced circum~ 
ferentially about the ?ex ring. The forming pro?les 22 of the 
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flex ring extend radially inward from the inner surface of the 
?ex ring with the depth of the pro?les progressively increasing 
from the leading end or entrance 24 of the ?ex ring where the 
raw workpiece enters to a point (section c—-c) intermediate 
the entrance and the trailing end or exit 26 of the ?ex ring 
from which the ?nished workpiece exits. 
From their minimum to their maximum depth and 

throughout the entire length of the forming pro?les 22, the 
forming pro?le tips or lands 28 ‘have uniform or constant 
widths, X, which are relatively narrow when compared to 
either the spacing between adjacent pro?les of the widths of 
the full depth portions of the pro?les at their base. As best 
shown in FIG. 1D for any given radial distance from the axial 
centerline of the ?ex ring, the widths of the forming pro?les 
gradually increase from their leading ends to the point C-C 
where they reach full depth. For example, the width of the 
pro?le at the radial distance R changes from X at A—-A to Y 
at D-D. 
The substantially constant .widths of lands 28, as compared 

with the gradually increasing widths of the forming pro?les for 
‘a given radius can also be seen by comparing FIGS. 1A to IC. 
At A—A in FIG. IA, the pro?les 22 of the ?ex ring 20 are of 
comparatively little depth with the relative widths of the 
pro?le lands 28, as compared with the spacing between the 
lands 28 and the side walls 30 of adjacent pro?les, being rela 
tively narrow. At B—-B in FIG. 1B, the pro?les have progres 
sively deepened with the lands remaining the same or substan 
tially the same width while the spacing between the sidewalls 
of adjacent pro?les has become narrower. At C-C of FIG. 
1C, the pro?les 22 have reached the full depth of the pro?le to 
be formed on the workpiece 'and this cross-sectional con?gu 
ration of the fonning pro?les continues to the exit of the tool. 
The lands 28 are of substantially the same width as at section 
A—A. However, it is to be noted that the width of the pro?les 
for a given radial distance from the centerline of the flex ring 
has increased to its maximum width thereby farther decreas 
ing the spacing between the sidewalls 30 of adjacent pro?les 
for a given radius. 

FIGS. 2 and 3 illustrate one type of apparatus with which 
the ?ex ring forming tool 20 of the present invention can be 
used to produce externally pro?led workpieces by material 
?ow of displacement. 
Two or more rolls 2 and 3 act on the circumference of the 

?ex ring 20 to de?ect the ring inwardly to apply pressure to 
the workpiece W. These rolls 2 and 3 are carried on slides 4 
and 5 which are fed inwardly by any appropriate means as is 
well known in the art, such as feed screws or hydraulic means 
if desired. - 

As shown in FIG. 2, the rolls 2 and 3 are mounted in 
bearings 6, 7, 8, and 9 which are carried in slides 4 and 5. The 
rolls 2 and 3 are free to rotate in these bearings upon contact 
with the workpiece W. 
The ?ex ring 20 is held against axial movement relative to 

rolls 2 and 3 by a thrust member 10 acting through member 11 
against the end 26 of the ?ex ring 20. 
The member 10 acts against thrust bearing 12 and is rotata~ 

ble in radial bearings 13 and 14. 
The workpiece W is fed into and rotated by any suitable 

mechanism. As shown in FIG. 2, this consists of a work driver 
15 which forces the workpiece W_ into the ?ex ring 20 while 
simultaneously rotating the workpiece. The rotation of the 
workpiece W causes the ?ex ring 20 to rotate and the rotation 
of the ?ex ring 20 causes the freely mounted rolls 2 and 3 to 
also rotate. 

If desired, it should ,be apparent that instead of rotating the 
workpiece positively, one or both of the rolls 2 and 3 may be 
positively rotated in which case, the rolls impart rotation to 
the ?ex ring 20 and the workpiece W so as to obtain the 
desired de?ection of the ?ex ring 20 in the necessary localized 
circumferentially displaced areas. 

It will be apparent that as the ?ex ring 20 rotates between 
the rolls 2 and 3 adjacent areas of the outer circumference of 
the ring pass through the de?ection area of the de?ection rolls 
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4 
2 and 3 and as these areas pass through the de?ected zone 
pressure will be applied in limited zones to the workpiece W 
causing the material to ?ow radially outward to gradually con 
form the work to the‘internal pro?le of the ?ex ring 20 as 
shown in FIG. 1D. 
The radial outward ?ow of the material of the workpiece W 

‘will occur in the de?ection zones and in these locations, the 
workpiece will be ?owed in a direction to conform to the 
pro?les of the ?ex ring 20 and to be complemental to the ?ex 
ring 20. Flow will occur only where pressure is applied; that is, 
in the deflection zone. 
The pressure applied by the rolls 2 and 3 to the ?ex ring 20 

are sufficient in magnitude to exceed the yield strength of the 
workpiece material in the localized de?ection zones and in lo 
calized areas and this causes a ?ow of plastic material which 
progresses in incremental steps both-circumferentially and ax 
ially as the workpiece is fed into the ?ex ring 20. This ?ow 
continues until the ?nal ?nished pro?le is produced on the 
workpiece as shown in FIG. 1D whereby the peripheral shape 
of the workpiece has changed from its originally circular 
pro?le 32 to the complement of the ?ex ring pro?le having 
teeth T. ' 

The incremental feeding is dependent upon the speed of 
rotation through the de?ection zones and the amount of 
de?ection of the ?ex ring 20. The application of force in local 
ized de?ection zones or areas of the ?exring circumference 
together with the unique structure of the ?ex ring forming tool 
avoids stressing of the entire cross section of the workpiece 
thus allowing the workpiece material to ?ow radially outward 
as the axial feed and the rotation progress. In addition to en 
suring a primarily radial con?guration of the workpiece 
material, the unique con?guration of the ?ex ring forming tool 
20 of the present invention inhibits any longitudinal ?ow of 
the material. 

FIG. 3 shows the formation of a workpiece in apparatus 
such as disclosed in FIG. 2. In FIG. 3, the de?ection of the ?ex 
ring 20 is shown in greatly exaggerated form. It will be seen 
from this FIG. 3 that the material of the workpiece W is forced 
radially outward into the spaces of the portions of the ?ex ring 
20 which are being forced inwardly by the pressure exerted 
radially inward by the force of the rolls 2 and 3 acting on the 
?ex ring 20 in the localized pressure zones. 
The accuracy of the ?ex ring 20 is directly re?ected in the 

accuracy of the workpiece since the workpiece is the comple 
ment of the contour of the ?ex ring. Since no generating ac 
tion is involved nor any conjugate action between workpiece 
and tool, the workpiece obtained by the present invention is a 
true complement or negative of the ?ex ring. 

Moreover, due to the fact that the dimension X, as shown in 
FIGS. 1A through 1D, is constant throughout the axial length 
of the ?ex ring, the outside diameter of the workpiece tooth is 
rigidly controlled throughout the forming operation and no 
?aking or seaming will occur on the tip of the tooth due to any 
undesirable outward material ?ow. 
While the preferred form of the invention has been shown 

and described, it is to be understood that all suitable modi?ca 
tions and equivalents may be resorted to which fall within the 
scope of the invention. 
What is claimed is: ' 

l. A forming tool for forming a pro?le on a workpiece com 
prising: a ?exible element having ‘an opening therein adapted 
to receive a workpiece to be fed-axially relative to said open 
ing, said opening being peripherally de?ned by a plurality of 
inwardly projecting and generally axially extending forming 
pro?les, said forming pro?les having inner .terminal lands of 
substantially constant widths. 

2. The forming tool of claim 1 wherein said forming pro?les 
have portions adapted to make initial contact with the work 
piece and each of said forming pro?les have a minimum depth 
at said portions. ' 

3. The forming tool of claim 1 wherein said forming pro?les 
have portions adapted to make initial contact with the work 
piece and wherein, for a speci?ed depth, said forming pro?les 
have their minimum widths nearest said portions. 



5 
4. The forming tool of claim 1 wherein the axially extending 

forming pro?les are substantially straight. 
5. The forming tool of claim 1 wherein the axially extending 

forming pro?les are helical. 
6. The forming tool of claim 1 wherein said forming pro?les 

have portions adapted to make initial contact with the work 
piece, each of said forming pro?les having a minimum depth 
at said portions and said forming pro?les, for a speci?ed 
depth, having their minimum widths nearest said portions. 

7. A forming tool for forming a complementary pro?le on a 
workpiece comprising: a ?exible element having ?rst and 
second end faces, said element having an opening therein ex 
tending between said end faces and adapted to receive a work 
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piece to be fed axially relative to said opening, said opening 
being peripherally de?ned by a plurality of circumferentially 
spaced, and inwardly projecting forming pro?les, said forming 
pro?les extending in a generally axial direction and having 
leading end portions adjacent said ?rst end face adapted to 
make initial contact with the workpiece, said forming pro?les 
having inner terminal lands of substantially constant width, 
said forming pro?les increasing in depth from said leading end 
portions to maximum depths intermediate said ?rst and 
second end faces, and, for a given depth, said forming pro?les 
increasing in width from said leading end portions to max 
imum widths intermediate said ?rst and second end faces. 

* i I‘! III Ii! 


