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ROLLING TREATMENT OP A WOltKPIBCE ! 

FIELP OF THE INYBNTION 
. : : .. ··~· 

The invention relates to a punch press t}rpe teol and method 

for forming an elongated ·deformation ih a flat· ·workpi'~6~ b;· . 
moving the p~el relati~e to rolling elements which ~n.~~~~',·"· 

·.·-· ··. ::·.- -. 

deform and roll along the workpiece. 

BACKGROUND OF THE INV'ENTION 
.. : 

conventional punch presses are known for pl:lnching holes in. 
. . 

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 
.. .. ··: 

metal panel is passed between upper tools and lower dies mo\inted 
. .· 

on a punch press. As the workpiece .is moved to a correct 

position, each tool punches a hole or forms a shape· in the·· 

workpiece. 

It is 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 9r the like, in the flat sheet metal 

workpiece. 

One way to form such an elongated shape is by nibbling. 

Nibbling is· performed by a_ tool having a semi-spherical part and 

a recessed part between which the workpiece is positioned ·as 

shown in Japanese Patent No. 2247021. The tool performs a series 

of rapid short vertical strokes to form indentations, ultimately 

c~eating 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. 

Another _known way to form a continuous sru.i.pe_ ~s ~;Y::.using a 
........... 

tool having upper and lower parts with mating cylindrical roli(!rs 
. - . - . - .. - - ··_ .. : _: -, .: '- :C~ht-_:;_::: . 

rotatable about parallel horizontal axes. such tools are known, 
- . . . . " :·,· .. -·· .. ' . '''f"_I.· 

for example, from U.S. Patent No. 5,555,759, which discloses ·a 
. . ··~· ~).=~:i 

tool having upper and lower cylindrical rollers, rotatable about 

axes which are parallel to the workpiece to be treated,- the 
. ·. 

workpiece being positioned betwe_en the rollers. A major dra~bac_k 

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

a relatively wide arc since the rollers move linearly, ~here~y 

reducing the ability to make turns about a narrow arc. In other 

words, if the workpiece is turned about a narrow arc_ or point, 

the rollers will slide laterally, causing damage to the 

workpiece. 

SUMMARY OF THE INYENTION 

It i~, therefore, an object of the present invention to 

provide a tool for deforming a workpiece having a simpler 

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 tool 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 
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part, shaping a flat workpiece "located therebetween.. .One of the 

upper and lower parts carries a roller ball mounted for.JJniversal 
. . . . .. ~~- . . .. · . . . . . ·; ~ 

rolling movement, while.the other part carries elements,wh~ch 

mate with the roller ball such that the roller ball and.the 
. . . . .: ' . ",'. .. . . . . ..· . . .. . .. : .. •. ~· ....• 

mating elements form a groove in a w~rkpiece .~hic:;:h is mov~d., along 

. while engage.d . by the roller ball and mating elem~nts ~ . _. 

In a preferred embodiment, two roller balls are __ pos,it~oned 

in either the upper or lower parts. A single roller. ball . ~s 

seated in the other of the upper and lower parts .and is Qf f set so 

as to be aligned between the two roller balls, creating a 

wave-shaped gap therebetween. 

Preferably, each individual roller ball is retained in a 

cylindrical holder having a hemispherical bearing shell the~ein 

allowing for universal rolling movement of the roller ball. · A 

holding ring, which has an interior diameter that is smaller than 

the largest diameter of the roller ball, retain~. th_e _;.roller ball . 

in the holder. 

In a preferred embodiment, the roller ball is mounted in the 

lower part and the mating element, preferably the two roller 

balls, are mounted in the upper part. In accordance with 

variations of the present invention, the mating element may be a 

fixed, wave-ehaped ~lement instead of two roller balls. Also, 

the mating element, whether a pair of roller balls or fixed 

elements, can comprise different sizes and/or shapes from each 

other in order to form a groove which is asymmetrical across its 

width. 
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The tool of the invention may further allow for length ·~ 

. .. - • . ···.· .··.=· . .-·~ .. ·~.-.·· -:~ .. , .. r,·~·"""-1.· ···:· .: .· 

adjustment of the upper· part to provide more precise placement ;::of 

the tool into its operating position or for purposeiiJ•• of'. tr~~iin~ . 

workpieces having different thicknesses without ·c·the i'le~d 'tg··~ · .... ·:·. 

··adjust the ·entire system. . . . -~ . ::: ..... :. ./ : : : ·. ~ 

The invention is also directed to the ·meth~d ·:·of· defomilig · a . 

workpiece using the tool of the invention. In abcordance with 

the method, the upper part of the tool is moved verticaily 

downward ·to engage the top of the workpiece. · ·The iowei" part· of 

the tool engages the bottom of. the workpiece~ A universally· 

rolling roller ball mounted in either the upper ·part or the· lower 

part of the tool engages the workpiece and·acts on the workpiece 

in conjunction with a mating element in the ·other of 'the.upper 

and lower parts. The workpiece is then moved between·the·roller 

ball and mating element to create a . deformation in the ···workpiece -

These-· and other objects of the invention will be apparent 

~rom 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 accompanying drawings, wherein: 

Figure 1 is a vertical cross-sectional view of the deforming 

tool of the invention, positioned in a turret bore of a punch 

press; 
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Figure 2A is an elevational view of the roller ball ~~sembly 

used in the deforming tool.of the invention; 

Figure 2B is a bottom view of _the roller ball assembly shown 

in Figure 2A; 

Figure 3 is a partial cross~sectional view of the def~rming 
. ·:~ . . . 

tool of Fi~re 1, shown in operation; 

Figures 4A and 4B are.schematic views showing modifications 

of the def_orming tool of. the present invention; 

Figure 5 is a vertical cross-sectional view showing a 

modified deforming tool, positioned in a turret bore of a punch 

press; and 

Figure 6 is a vertical cross-sectional view of another: 

embodiment of a deforming tool, positioned in a turret bore of a 

punch press. 

DETAILED DESGRIPT~O~ ~F THE PREFERRED EMBODIMENT .... , 

Figure 1 shows a tool 1 for deforming a· workpiece'. such as 

a sheet metal panel or other malleable panel. Tool 1 includes an 

upper part 50 having a body 2 guided in 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 embodimen_t shown in Figure 1, upper part 50 

is received in· a turret 21 of a punch press (not shown). A 

driver .4 is atta9hed 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 SO as 
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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 attached ·to 

driver 4. In the preferred embodiment of the invention shown in 

Figure 1, upper part so is supported in a turret bore ·15 ·ori i· 

springs 16. When a ram of a punch press (not sho'Wn) presses down 

on head 6, driver 4 is pressed downward, moving body 2 and roller 

ball assembly 7, mounted in the lower end of body 2, into 

engagement with the top of workpiece 17.· ·Lower part s1·includes 

a roller ball 11' mounted therein and is, in turn, mounted in a 

lower turret l.8. 

Figure 2A shows a side view of the roller ball assembly 7. 

The cylindrical upper end B 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 in place in the body 2 via screws 10. 

Figure 2B shows a bottom view of roller ball assembly 7 into · \, · 

which two rotatable roller balls 11 have been inserted. Roller 

balls 11 are spherical and are held 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 loosening set screws 13. When 

holders 12 are inserted into roller ball assembly 7, their upper 

ends abut the botto~ 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 1_1, ~1 ~ • 

Each entire unit, i.e., a holder 12, a roller ball 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 co~v~t;,ional 

part available throu~h McMaster-Carr, Chicago, Il~ino~s. It is 

eas~ly replaced in e~ther the upper part SO or lower p~~~ 51. 

In the preferred embodiment, shown in Figures 1 an4 3,;,,·a 

- single roller ball 11' is provided in lower part 51. T~is _ -­

configuration forms a wave-shaped gap between the -~oller balls ii -_ 

and 11' . _In particular, Figure 3 shows how the roller 

balls 11,11' engage the workpiece 17 when a ram acts on head 6 to 

move the roller ball assembly 7 into contact with the 

workpiece 17. 

In general, the method of operation of the tool_ of _th~ __ 

invention is as follows: ··_, .. 

Workpiece 17 is positioned between upper part 50 and.lower 

part 51. The ram of the punch press (not shown) then:pres~es 

down on head 6 until both roller balls 11 and 11' are i:i;i_c()ntact 

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 tr'11slated between the roller 

balls 11, 11' to cr~ate a smooth elongated deformation in the 

workpie_ce. In ·order to create a corner or _curve shaped 

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 iri 
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any direction, it is possible to make sharp turns in the 

workpiece and avoid the damage to the workpiece which occU.rs:with 

cyllndrical-shaped rollers that are not capable of such ;universal 

roll_ing movement. 

As shown in Figure 4A, upper part SO, or lower ·part si:':may 
be provided with one or more static •"members 53 conforming" 'to'' the 

shape of the roller balls 11, or 11', respectively and :in which 

the roller balls 11, 11' are guided to.deform the workpiece -17. 

As shown in Figure 4B, ro~ler balls of differing diameters 

may be utilized. In 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 iiln the 

upper part SO and two roller balls 11' in the lower part 51, as 

shown, for example, in Figure 5-, discussed· in greater detail 

below. To produce several grooves simultaneously, or grooves of 

special cross-sectional shapes, additional roller balls, as well 

as roller balls in different axial positions, may be utilized. 

Although driver 4 and body 2 may be constructed as a single 

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 
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known means, such as a pin in one member which fits in a slot of 

the other member. 
. ' .. ,:· ... 

In the preferred embodiment, . as shown in Fi.gure 1, too~ 1 is 

seated in turret bore 15 and rests on springs 16 •. Alternatively, 
: .•·. ~.:.: : :. :·. ::· .... : ,• 

or addi.tionally, lower part 51 may be seated in. lower turret 18 . · 
.·· ,.,. ··''" ... · ,··; 

on springs (not shown). The springs 16, .or correspond:!-ng.springs 
• ,.,;.-;_i •.. 

in the lower part 51, provide some resiliency to account for 
. . - .. .. 

minor variations in the plane of the workpiece and to provide 

some tolerance for errors in adjustment of the length of the 
. . . . . . 

tool. Moreover, the roller balls of the invention may be used in 

any number of different tool configurations. As shown in 

Figure S, roller balls 11,11' are used in conjunction with a tool 

of the type having a compression spring 22 positioned ~etween the 

head 23 at the rear end of a driver. 24 and a flange 25 at the 

upper end of the body 26. Upper part 50' of tool 27 is shown 

mounted in a turret 28 of a punch press (not shown} and seated on 

springs 29. It is also within the scope of the invention_to · 

utilize a tool which is not seated on springs 29 or which does 

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 pos"itioned in a turret bore 31 without the use of 

springs. Tool 30 is axially moy~ble by a spindle-type drive 32 

rather J:han a ram. Drive 32 includes a motor 33, which may be 

electric, pneumatic or hydraulic, that works in conjunction with 

9 
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a threaded spindle 34, a ·pusher element 35 and a_pres.sure 

element 36. The pusher element 35 bas an inclined slirf'ace. 37 

which cooperates with a further inclined surface 38-at.the top:9f 

pressure element 36. A large tr~nsmissi~n· ratio result~ iJi'"'' 
accordance with the pitch of the thr~aded. spi~dle '34 -~·nd. 

··.:. };. 

' . ·. ·. '\.:·:··. . .. 
inclination of the inclined surfaces 37,38 such that large. 

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 30 has 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 by means 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 may 

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 
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position by appropriate displacement of the tool' holder •<> •.. ::, For 

example, an undercut gr()()ve, ope11. 8:~ .. t~e __ si~E!.1!11_ ~y b~ located 

. between the. pressure ele~en~ 3~ .. a~d, ,the, tool )1~~ .3~- t;~_.permit 

lateral engagement and.: d~s~~gag~i:ne~t::::~~c-: ,~~ .. _app;~~fi~~ely~:i~~.s;igned 

.pr~jectio.n .. 
. . 

Although the invention. has b~e~ ·-4~.~~;t-i?,~~ i~ .. cor,i~~.c:l~~~})le 

detail with respect to preferred embodiments thereof,·. ~a:r::i!J.~ions 

~nd .mo~~fications will be. apparex:it to .tho~e skilled in the art.• 

without departing from the ... spiJ;"i~ .~nd scope of . the inve~t_;ion, · as 

set forth in the claims. . . : .. '~ 

·.' 
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WHAT IS CLAl'.MED IS: ··'-:. 

l. A tool for deforming a workpiece comprising:· '· <.;·; : ~·,: '· 

an upper part movable vertical1y from a· raised :Position·:-'to a 

lower, workpiece engaging position;- and ·.:.. '. 

. . . .. . ~ 

a lower part positioned vertically beneath the upper ''.part to 

cooperate with the upper part to receive a wc:>rkpiece 

therebetween, · 

·one of the upper part and the lower part having"at ·least one 

roller ball mounted therein for freeuniversal·rolling'movenient, 

and the other one of the upper part and the lower ·part ·having a .. 

mating element which mates with the roller ball, whereby.when a 

workpiece is moved along while engaged by the roller ball and 

mating element a deformation is fo:i::n'ed in ·the workpiece.· · '·: 

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, wherein one of said upper part and said lower part 

includes two roller balls mounted therein and the other one of 

said upper part and said lower part includes a single roller ball 

aligned between said first two roller balls • 

. 4. The tool for deforming_ a workpiece according to 

claim 1, wherein said mating element comprises a static member 

for guiding said roller ball. 

s. The tool for deforming a workpiece according to 

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

12 
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roller ball unit comprising a bolder having a hemispherical 

shaped bearing shell therein in which . the roller . ball -is ., . 

rotatable, and a holding ring having an interio~ diamet~r.,less 

. than the largest diameter pf the roller ;)~all for ~etaining said 

roller ball in said holder. ••• ~: : -.:·. •• • ' ~· .: ··~ Iii. •• ~. ~. 

6 • The tool for deforming ~- workpiece accQrd~~g ,to 

claim 1, wherein said upper part comprises a driver and ~;a;;;_bqdy 

attached to a front end of said driver by a threaded_ co~~~~tion, 

said driver and body being rotatable with respect _to each :·Other 

by means of said threaded connection to allow adjustment of . 

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 ta guide, . said gui_de 
- ~~ 

including a flange extending perpendicularl.y. outward .from _=,cm 

outer surface of said guide and said driver including a-h~~q 

positioned at an· upper end thereof, said upper part further .. :. 

including a compression spring seated between said flange ;-and· 

said head. 

8. A tool for deforming a w.orkpiece comprising: 

an upper part movable vertically fr9m a raised position to a 

lower, workpiece engaging position, said ... upper 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; 

13 
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a lower part positioned vertically beneath the upper part to 

cooperate with the upper part to receive a workpiece · · · . -., ·~'· 
.. 

therebetween; ~ "I ~. ·::_..-:. .,.:. · .. •• ,;:: . ·' 

two roller balls mounted in the lower portion of 'said'·'Upper 

part for engaging a top of said wor]tpiece; .and. 
: ~ .. · ,. . .... 

·:~ ·:· .......... ;~ 

a single roller ball positioned in said lower part for ~ ·• .· 

engaging a bottom of the workpiece, said single roller· ba11 ··being 

aligned between the two roller balls in said upper part,·. whereby ·· 

when a workpiece is moved along while engaged by the roller ':i 

balls, 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·. 

~olding ring having an interior diameter less than the largest 

diameter of the roller ball for retaining said roller ball~:,in 

said holder. 

10. The tool for deforming a workpiece according to claim 8 

wherein said body is movable in a guide, said guide including a· 

flange extending perpendicularly outward from an outer surface of 

said guide and said driver including a head positioned at an 

upper end thereof, ~aid upper part further including a 

compression spring seated between said flange and said head~. 

11. A method of deforming a workpiece using a vertically 

oriented tool hav~ng upper and lower parts to form an elongated 

deformation in the workpiece, comprising: 
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engaging a top of the workpiece with the upper part of the 

tool which is movable vertically downward onto the workpiece; 

engaging a bottom of theworkpiece with the lower part· of 

the tool, one of the upper.and lower parts including a 
. . . . 

universally rolling. roller ·ball, ... ~~e: other of the upper and lower. 

parts including a mating:element which mates with the roller ball 
- . . 

to form an elongated deformation in the workpiece; and 

moving the workpiece while.engaged by the roller ball and 
. . -

. .. . ..). 

mating element to form an elongated deformation the.rein. 

12. The method of deforming a workpiece according to 

claim_11, wherein said upper.part comprises a driver and a body· 

attached to a front end of said driver by a threaded connection, 
. . . 

said method further comprising adjusting .combined length of :the 

driver and the body by rotating.the· ~iv~r.withrespect to the · 

body prior to said step .of engaging. ·., 

13 . The method according to .. claim 1:J., · wherein said step of 

engaging the top of the workpiece is perf o~ed against a spring 

force which biases the upper part of the.tool vertically away 

from the workpiece. 
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