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_ROLLING TREATMENT OF A WORKPIECE i
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The invention relates to a punch press type tool and method
for forming an elongated deformation in a flat workpiece by
'mov1ng the panel relative to rolling elements which engage,L

deform and roll along the workpiece.'

BACKGROUND OF THE Iyggm';og . _

COnventional punch presses are known for punching holes 1n,

and shaping flat panels such as flat sheet metal In these punch

presses, as shown in U.S. Patent No. 4, 343 210 the flat sheet ;f

metal panel is passed between upper tools and lower dies mounted

on a punch press. As the workpiece is moved to a correct o |
position, each'tool punches a hole or forms a shape in the i
workpiece. | | -

It ie also known in the art to replace the punching tools of
these workpieces with shaping tools which form a continuous
shape, i.e., a groove or the like, in the flat sheet metal
workpiece. - N

- One way to form such an elongated shape is by nibbling.
Nibhling isiperformed by a tool having a semi-spherical part and
a recessed part between which'the'norkpiece is positioned:as —
shown in Japanese Patent No. 2247021. The tool performs a series
of rapid short vertical strokes to form indentations, ultimately
creating a groove in the workpiece. Tools of this type suffer

from the-drawback that the series of connected indentations which
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are formed are not nearly as smooth as a continuous groove formed

by rollers.

tool hav;ng upper and lower parts with matlng cyllndrlcal roll?rs_

rotatable about parallel horizontal axes. Such tools are known,
for example, from U.S. Patent No. 5, 555 759,_wh1ch dlscloses a

tool having upper and lower cyllndrlcal rollers, rotatable about

axes which are parallel to the workplece to be treated,  the

workpiece being pos;tloned between the rollers. A major drawback

of this structure is that the workplece can only be turned about

a relatlvely w1de arc slnce the rollers move llnearly,.thereby

reduc1ng the ablllty to make turns about a narrow arc. -In other

words, if the workpiece is turned about a narrow arc or poznt,
the rollers will sllde laterally, cau51ng damage to the B

workpiece.

.lEﬂﬂABXLSEL!Eﬂi_IEEEHILQH
It is, therefore, an object of the present 1nvent10n to
provide a tool for deforming a workplece having a 51mp1er
construction and greater range of motion than the prior art
devices. It is another object to provide a new and improved
method for deforming a flat workpiece. |

The present invention comprises a deforming tcool having

cooperating upper and lower parts mounted or adapted to be

mounted in the upper and lower turrets or tool holders of a punch

press. The upper part is urged downwardly against the lower

h
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part, shaping a flat workpiece located thérebetween.,.One of the
‘upper and lower parts carries a rp;lerzballHmoun:eQLEQ?;Pnifersal
rolling movement; while the other pﬁrt c&rries elementszwhiéh j
wmate with the roller ball such that the rolle;.pglL;gnggggJ
mating elements form a groove in a workpiece which is mqvgdgaldng
. while engaggdlby.the roller ball and mating elements. .. _

In a preferred embodiment, two roller balls are”pos;tiéned:
in either the upper or lower parts. A single roller ball is
seated in the other of the upper and lower parts and is offset so
as to be aligned between the two roller balls, creating a
wave-shaped gap therebetween. N

Preferably, each individual roller ball;is_retained‘igza
cylindrical holder having a hemispherical beariqg_shell_the;ein
allowing for universal rolling moveﬁept of the roller ball. - A- .
holding ring, which has an interior diameter that is smaller than
the largest diameter of the roller ball, retaingnthe;roller_ballJ
in the holder. | _ |

In a preferred embodiment,-ﬁhe roller ball is mounted in the
lower part.and the mating element, prefergbly the two rollexr
balls, are mounted in the upper part. In accordance with
variations of the present invention, the mating element may be a
fixed, wave-sghaped element instead of two roller balls. Also,
the maﬁing element, whether a pair of roller balls or_fixed
elements, can comprise different sizes and/or shapes from each
6ther in order to form a §roove which is asymmetr@cal across its

width.
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The tool of the invention may further allow for iengtﬁzé--;
adjustment of the upper part to provide more ﬁfééiséﬁﬁiéaé%zﬂéé;f
the tool into its operating position or for phrpdéeé?dfiif§52£a§'_ 
workpieces having different thicknesses without‘fhé“né%a‘iémg22:3 
-adjust the entire system. e
The invention is also directed to the'methddfbf"défbfﬁiﬁgf;-
~ workpiece using the tool of the invention. In accordance wiﬁh
the method, the upper part of the tool is moved vertically -
‘downward to engage the top of the workpiece. “The:ioWéf"pért:of .
the tool engages the bottom of .the workpiede;. A'univéisally' -
rolling roller ball mounted in either the upper part or the lower
part of the tool engages the workpiece and acts on the ﬁorkpiece
in conjunction with a mating element in the other of‘fﬁé*ﬁpﬁér- 
and lower parts. The workpiece is then moved between thé roller
ball and mating element to create a deformation in the "workpiece.

These and other cobjects of the invention will be ‘apparent

from the detailed description to follow.

. BRIEF _DESCRIPTION OF THE DRAWINGS
There follows a detailed description of the preferred -
embodiments of the present invention which are to be taken
together with the a¢companying drawings, wherein:
Figure 1 is a vertical cross-sectional view of the deforming
tool of tﬁe invention, positioned in a turret bore of a punch

press;
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Figure 2A is an elevational view of the roller balllagsembly
~used in the deforming tool of the invention; et i _
_ Figure 2B is a bottom view of the roller ball assembly shown
in Figure 23;

Figure 3 is a partial créss;sectional view of theﬂdéfq;ming_
tool pf Figure 1, shown in operation; | _

Figures 4A and 4B are schematic views showing mbdificationS"
of the deforming tool of the present invention; _

Figure 5 is a veftical cross-sectional view_éhowing_a
modified deforming tool, positioned in a turret bore of_a_punch.}
press; and

Figure 6 is a vertical crosé-segtional view of another-
embodiment of a déforming tool, positioned in a turret bqre.bf a

punch press.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT

- Figure 1 shows a tool 1 for deforming a workpiece, such aé
a sheet metal panel or other malleable panel. Tool 1 includes an
upper part 50 having a body 2 guidedlin a guide 3 and also . '
includes a lower part, namely a die 51. A workpiece 17 is
positioned between the upper and lower parts 50,51 for
deformation. - In the embodiment shown 1n Figure 1, upper part 50
is received in a turret 21 of a punch press (not shown). A
driver 4 is attabhed.to body 2 at an upper end thereof, _
preferably by a threaded engagement 5. The threaded engagement 5

allows for adjustment of the length of the upper part 50 as

S
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discussed in greater detail below. However, body 2 and driver 4
may be constructed as a single piece. A head 6 is attébhedito.
driver 4. In the preferred embodiment of the invention shown in
Figure 1, upper part 50 is supported in a turret bore iszbﬁﬁ? =
springs 16. When a ram of a punch press (not shown) presses down
on head 6, driver 4 is pressed downward, moving bddy 2 and”rbllef
- ball assembly 7, mounted in the lower end of body 2, into
engagement with the top of workpiece 17. -Lower part 51 includes
a rollgr ball.ll' mounted therein and is, in turn; mounted in a
lower turret 18. - |
Figﬁre 2A shows a side view of the roller ball assembiy 7.
The cylindrical upper end 8 of roller ball assembly 7 is adapted
to be received in a bore 9 in the lower end of body 2. ' Roller
ball assembly 7 may be held iﬁ place in the body 2 via screws 10.
Figure 2B shows a 5ottom view of roller ball assembly 7 into
which two rotatable roller balls 11 have been inserted. Roller
balls il are spherical and are héld in place in cylindrical
holders 12. Holders 12, in turn, are retained in roller ball
assembly 7 via set screws 13. Holders 12 are'easily released
from roller ball assembly 7 by loogsening set screws 13. When
hqlders 12 are inserted into roller ball assembly 7, their upper
ends ébut the bottom 14 of cylindrical upper part 8. |
Each of the roller balls 11,11’ is mounted in a
‘hemispherical bearing shell inside holder 12 for free universal
rolling movement. Each roller ball 11,11’ is held in place in

holder 12 by means of a holding ring 20 which has a smaller
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inside diameter than the diameter of the roller balls 11,11°.
~Each entire unit, i.e., a holder 12, a.rollerlball 11 or: 11’ and
a holding ring 20, is typically formed as part of the tool 1 or
provided separately as a replacement.part which is a gppvgggionél_
part available through McMaster-Carr, Chicago, Il}inois;_.lt.is' |
easily replaced in either the upper part 50 or lower part 51.

In the preferred embodiment, shown in Figures ;-ahd 3,.a
- aingle roller ball 11 is provided in lower part 51. . This
configuration forms a'wave-shaped gap between ther:oller balls 1&”
and 11‘. In particular, Figuré 3 shows how the r&ller-; o .
balls 11,11’ engage the workpiece 17 when a ram acts qh,head 6 té_
move the roller ball assembly 7 into contact with the | . |
workpiece 17. .

In general, the method of opgratiop of the-tooluqf,thg,
invention is as follows: |

Workpiece 17 is positioned between upper part So_andglowe?
part 51. The ram of the punch press (not shown) then;presses'
down on head 6 until both roller ballé 11 and 1lf_a;e in contact
with the workpiece 17. The ram continues to maintain the tool 1
in contact with the workpiece 17 throughout the deforming
operation. The workpiece is then translated between the roller
balls 11, 11’ to create a smooth elongated deformation in the
workpiece. In order to create a corner or curve shapgd
deformation, the workpiece is simply rotated in the desired
direction. Because roller balls 11 and/or 11’ are mounted for

free universal rolling movement, i.e., over a 360 degree range in
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any direction, it is possible Ed make sﬁarp turns in the

workpiece and avoid the damage to the workpiece which dccﬁfé;wigh
cylindrical-shaped rollers that are not capable of such ﬁhi&érsai
rolling wmovement. .. _ﬁ

As shown in Figure 4A, upper part 50, or lower part 51 may
be provided with one or more static members 53 COﬂfdfmihgftéwthe |
shape of the roller balls 11, or 11’, respectively and}in wﬁich
the roller balls 11, 11’ are guided to deform the workpiece 17.

As shown in Figure 4B, roller balls of diffefing diéhétérs
may be utilized. 1In the embodiment shown, roller.ball 54 is"
smaller than roller ball 55 which increases the ease of forming
structures such as a flange.

It is also possible to mount a single roller ball 11 in the
upper part 50 and two roller balls.ll' in the'lower'part 51, as
shown, for example, in Figure 5, discussed in greater'déééil
below. To produce several grooves simultaneously, or grooves of
special cross-sectional shapes, additional roller balls, as well
as rdller balls in different axial poéitions, may be utilized;

Although driver 4 and bodylz may be constructed as a singlé
piece, in the preferred embodiment, driver 4 and body 2 are
constructed as two pieces connected by the threaded connection 5.
By rotating driver 4 with respect to body 2, it is possible to
perform minute changes in the length of the upper part SO.

During a deforming operation, rotation of the driver 4 with
respect to the body 2, as well as rotation of the body 2 with

respect to the guide 3 or turret 21 is prevented by any number of

8
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known means, such as a pin in one member which fits in a slot of
the other wember. _.:.

In the preferred embodlment,.as shown in F1gure 1;Jtool 1is
seated 1n turret bore 15 and rests on lprlngs 16 _ Alternat;vely,_
or addltlonally, lower part 51 may be leated in lower turret 18 N
on springs (not shown). The springs 16, or correspondlng sprlngs _
in the lower part 51, provide some re5111ency to account for
minor variations in the plane of the workpiece and to provxde
some tolerance for errors in adjustment of the length of the
tool. Moreover, the roller balls of the inventiou may_be used'in_
auy number of different tool configurations. As shown in
Figure 5, roller balls 11,11’ are used in conjunction with a tcci
of the type having a compression spring 22 positioned petween-the
head 23 at the rear end of a driver 24 and a flange 25 at:the:--
uppex end of the body 26. Upper part 50’ of tool 27 is sbcun
mounted in a turret 28 of a punch preea,ﬁnot shown) and_seated_cn
springs 28. It is also within the.ecope cf the inventicn:tc':”
utiliee'a tool which is not seated on springs 29 or whicﬁidces .;
not include a compression spring 22.. Moreover, it is possible to
use the roller balls of the invention in a tool of the type used
in punch presses without a turret. |

Figure 6 shows.an embodiment of the invention in which
tool 30 is positioned in a turret bore 31 without the use of
springs. Tool 30 is axially movable by a spindle-type drive 32
rather_than a ram. Drive 32 includes a motor 33, vwhich may be

electric, pneumatic or hydraulic, that works in conjunction with
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a threaded spindle 34, a pusher element 35 and a prééshre"'
element 36. The pusher element 35 has an 1nclined surface 37 _
which cooperates with a further 1nclined ‘surface 38 at the top of
pressure element 36. A large transmis51on ratio results :l.n"-j
accordance with the pitch of the threaded spindle 34 and |
inclination of the inclined surfaces 37,38 such that’ largefﬁ
advancement forces are achieved with a comparatively small
motor 33. Moreover, minute adjuStments'in the distance between
the roller and workpiece is possible. | |

Inclination of the inclined surfaces 37,38 causes
self-locking of the drive 32 at a desired operating position,
which relieves the threaded spindle 34 and the motor 33 of
holding forces after the tool 36whas'reached'the desired
operating position. An interlocking guide between the~pressure
element 36 and the pusher element 35 is provided, for example, in
the form of an undercut groove (not shown), which extends
parallel with the inclined surfaces 37,38 and which permits'a'
retraction of the tool 30 from the'working position bi.ﬁeans of
reversing the direction of rotation of the motor 33. A rigid
connection is also provided between the pressure element 36 and
the tool head 39. Other forms of interlocking connections ﬁay
also be utilized.

The interlocking connection between the pusher element 35
and the tool head 39 may be released if, for example, different
tools are received in the turret 40 and the drive 32 is intended

to advance these tools as soon as they are in their working

10
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position by appropriate displaéément of the tool:holder 40.:, For
example, an undercut groove, open at the sides, may 5_12. 199ated

. between the pressure element 35“and;ﬁh%.¢°°1ah?a§¢3a.ﬁe;pefﬁit
lateral engagement and;diS¢pgag§m¢9ﬁ§9§ﬁ§g&apgggé;igpéii¥§§§j§néd '

projection. ..

~ Although the invention has been -_s%_e..gsri?ed in -.coxiﬁisiggﬁblé |
detail with respect to preferred embodiments the;eof,;yg;iagions
- and modifications will be apparent_tp,Fh9s9 skilled in the artﬂ_
without departing from the;spi:ip,andJscope Q£,the,invep;;oh,'as ~

- set forth in the claims.

11
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WHAT IS CLAIMED IS: R |
1. A tool for deforming a workpiece comprising!iﬁﬁﬁﬁi-

an upper part movable vertically from a raised ﬁpsiﬁién*ié_é
. lower, workpiece engaging position; and - -*“'*'=?-*.59“*J54ii:;

a lower part positioned vertically beneath the ﬁbpef?ﬁéfﬁ'ébi
cooperate with the upper part toireCéive a workpiece =
therebetween, - ' o o f-ailfﬁﬁ.

‘one of the upper part and the lower part-having5a€-leést dne
roller ball mounted therein for free'universal'rolling”movemenﬁ,'
and the other one of the upper part and the lower'partaﬁaving a-. -
mating element which mates with the roller ball, whereby when a
"~ workpiece is moved élong while éngaged by the roller ball and
mating element a deformation is formed in the ﬁorkpieceu

2. The tool for deforming a workpiece according to
claim 1, wherein said mating element comprises a roller ball
mounted for free universal rolling movement.

3. The tool for deforming a workpiece according to
claim 2, whérein one of said upper part and séid lower part
includes two roller balls mounted therein and the other one of
said upper part and said 1ower.part includes a single roller ball
aligned between said first two roller balls.

4. The tool for deforming a workpiece according to
cléim 1, wheréin said mating element comprises a stat;c member
for guiding said roller ball.
' 5. The tool for deforming-a workpiece according to.

claim 1, wherein said at least one roller ball is mounted in a

12
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roller ball unit comprising a holder having a hemispherical
shaped bearing shell therein in which the roller ball is.. .
rotatable, and a holding ring having an interior diameter.less
.than the largest diameter of the roller;?all for retaining sai
roller ball infsaid holder. _ " _ _ .

6. = The ;ool for deforming a workpiece accqtdigghto
claim 1, wherein said upper part éomp:ises a driver andiaapqdy
attached to a front end of said driver by a threaded connection,
said driver and body being rotatable'with respect to each .other
by means of said threaded connéction to allow adjﬁstment.oﬁu
combined length of said driver and said body.
' 7. The tool for deforming a.workpiece according to . .

claim 6, wherein said body is movable .in_.a guide,;said guide

¢
including a fl;hge extending perpendicui;ily-outward,frOm}an.
outer surféce of said guide and said driver including a head
positioned at an upper end thereof, said upper part further?_
including a compression spring seated between said.flangeéand::
said head. |

8. A tool for deforming a workpiece comprising:

an upper part movable Qertically frgﬁ a raised position to a
lower, workpieée engaging position, saidfupper part comprising a
driver and a body attached to said driver by a threaded
connection, said driver and body being rotatable with respect to

each other by means of said threaded connection to allow

adjustment of a combined length of said driver and said body;

12
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a lower part positioned vertically beneath the upper'bért-to

cooperate with the upper part to receive a workpiece . & /=i« .|

therebetween:
two roller balls mounted in the lower portion ofﬂshid*ﬁbséf.

part for engaging a top of said workpiece; and - . lud

a single roller ball positioned in said lower part”for o
engaging a bottom of the workpiece, said single rollerfballJbéiﬁg
aligned between the two roller balls in said upper part,fwhéreby=-
when a workpiece is moved along while engaged by the roller % :
ballé, a smooth deformation is formed in the workpiece. - -

9. The tool for deforming a workpiece according to claim 8
wherein each of said roller balls is mounted in a roller ball
unit comprising a holder having a hemispherical-shaped bearing
shell therein in which the roller ball is rotatable, and a"
holding ring having an interior diameter less than the lérgest
diameter of the roller ball for retaining said roller ball:in
said holder. |

10. The tool for deforming a workpiece accbrding to claim 8
wherein said body is movable in a guide, said guide including a
flange éxtending perpendicularly outﬁard from an outer surface of
said guide and said driver including a head positioned at an
upper end thereof, said upper part further including a
compression spring seated betﬁeen séid flange and said head..

11. A method of deforming a workpiece using a vertically
oriented tool having upper and lower parts to form an elongated

deformation in the workpiece, comprising:

14
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engaging a top of the workpiece with the upper part of the
tool which is movable vertically_dothard onto the workpiece;

engaging a bottom of the"workpieée with the lower partrof
the tool, one of the upper and lower parts includ;ng a
universally rolllng roller ball, the other of the upper and 1ower
parts includlng a mating element whxch mates with the roller ball
to form an elongated deformatlon in’ the workpiece; and

moving the workpiece whlle;engaged by the roller ball and
mating element to form an elohgated'deformatioh'thérein;

12. The method of deforming e WDrkpiece'acoording to
claim 11, wherein said upper part oompriaes a driver and a body'
~attached to a front end of said drlver by a threaded connectlon,
said method further comprxs;ng ad]ustlng comblned length of . the
driver and the body by rotating the driver with respect to the - -
body prlor to said step of engaglng.x_ ' '

-13. The method according touclelm l;,“wherein-said step of
engaging the top of the workpiece is oerforged agelnst e sprihg
force whioh biases the upper part:of the:tool“vertlcelly away

from the workpiece.
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