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This invention relates to mechanism for shap 
ing Workpieces and particularly to mechanism 
in the form of a tool for bending tubes, rods, 
channels and other shapes. 
The conventional so-called tube-bending tool 

comprises a pair of relatively movable parts, one 
of which has an arcuate edge about which the 
tube is bent. The part having the arcuate edge 
customarily has a hook or roller for engaging the 
tube so that as the parts are moved relatively the 
tube is bent by a wiping action around the 
arcuate edge. The interconnection providing for 
relative movement of the parts comprises a pivot; 
hence, the tube is subjected to a pulling action 
which results in scratching of the tube unless a 
roller or some other antifriction means is used. 
Moreover, because the pivot provides a fixed axis 
of rotation, the conventional tool is inefficient 
and does not employ the best available mechani 
cal advantage. 
According to the present invention these dis 

advantages are eliminated by the provision of 
a mechanism in which relatively movable parts 
are interconnected by utilization of the principle 
of the cycloid curve. A cycloid curve, by defini 
tion, is a curve traced by a point spaced from the 
center of a circle rolling along a base line in the 

If the point is within the cir 
cumference of the circle, the cycloid curve is 
prolate; if the point is on the circumference of 
the circle, the result is an ordinary cycloid curve; 
and if the point is outside the circumference of 
the circle (that is, on a prolongation of a radius 
of the circle) the cycloid curve is curtate. 

In the utilization of this principle, the prime 
advantage gained in a mechanism of the char 
acter referred to is that the parts are intercon 
nected not by a fixed axis but by means permit 
ting rolling movement of one part relative to the 
other, whereby the work piece (such as the tube, 
rod, channel or the like) is wrapped rather than 
wiped around one of the moving parts into its 
desired shape or bend. 
The adaptation of mechanism utilizing inter 

connecting means of the nature referred to is best 
served by the provision of a mounting Surface on 
one of the members having therein a pair of 
angularly related interconnected slots based re 
spectively on two prolate cycloid curves traced 
by two points spaced equidistantly from the 
center of a circle rolling along a straight baseline. 
The base line is utilized for the location of a 
supporting block which holds the workpiece in 
its straight or initial stage. The arc of the circle 
represents the desired shape of the bend to be 
produced in the workpiece. In short, the angu 
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larly related Siots serve as tracks on one part of 
the tool and the other part of the tool is mounted 
for rolling in ovement by means of track followers 
thereon Which respectively engage the tracks. 
The part having the track followers is the part 
that has the arcuate edge referred to above. 

It is another object of the invention to provide 
a tool that is simple in construction, easy to use, 
and inexpeisive to manufacture. Another ob 
ject resides in the arrangement of an extension 
at the interSection of the slot or track means so 
that the parts of the mechanism may be moved in 
a Separating direction to permit initial introduc 
tion of the work piece. 
The foregoing and other important objects and 

desirable features inherent in and encompassed 
by the invention Will become apparent from the 
followiig detailed description of preferred em 
bodiments of the invention as illustrated in the 
accoin panying Sheets of drawings in which: 
Figures 1, 2 and 3 are Schematic views showing 

the geometery involved in the development of the 
mechanism. Selected as the most practicable for 
the majority of situations. 

Figures 4 and 5 are perspective views of One 
side of one form of tool showing two successive 
stages in the Operation of the tool in the forming 
of a 90° bend in a tubular Work piece. 

Figures 6 and 7 are views similar to Figures 4 
and 5 but taken from the opposite side of the 
tool. 

Figures 8, 9 and 10 are elevational views, partly 
in section and on an enlarged scale, showing suc 
cessive stages in the Operation of the tool. 

Figures 11 and 12 are respectively side and 
end views of the arcuate or arbor part. 

Figure i3 is a sectional view on an enlarged 
Scale as Seen along the line. 3-3 of Figure 5. 
Figure 14 is an elevational view of a modified 

form of part in which the slots used have straight 
rather than slightly curved sides. 

Figures i through 13 
This form of the invention, as well as that 

shown in Figure 14, may be best understood by a 
preliminary consideration of the principles in 
volved as developed in Figures 1, 2 and 3. 
As stated above, a cycloid curve is traced by a 

point spaced from the center of a circle rolling 
along a base line in the plane of the circle. The 
cycloid curve is ordinary, prolate or curtate, ac 
cording to whether the point is on, within or 
outside the circumference of the circle. The 
cycloid curves forming the basis of the preferred 
embodiments of the invention herein disclosed 
are prolate. As will be hereinafter brought out 
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in greater detail, the curves chosen are those 
which approach a straight line. For all practical 
purposes, as will likewise be hereinafter de 
veloped, straight lines may be used if desired. 
In Sigure 1, a circle c, having a center o, is 
tangent to a line y-y at an initial or starting 
point, S. A line d-d is erected perpendicular to 
the line J-y at the point S and, of course, inter 
sects the center o of the circle. One diameter 
D1 is coincident with the line d-d. A second 
diameter D2 is at right angles to the diameter D 
and lies along a line ac-ac that passes through 
the center O of the circle, and that is, of course, 
parallel to the line g-gy. 
Assuming that the circle c rolls along the base 

line gy-y in the direction of the arrow indicated, 
the object is to permit the circle to roll through 
an angular range of 90°; that is, from the posi 
tion of Figure 1, through that of Figure 2, to 
that, of Figure 3. This degree of rolling will be 
accomplished when the diameter 2 is coincident 
with a line e-e parallel to the line d-d. The 
line e-e represents the stopping or final posi 
tion of the gircle" in its rolling motion through 
90°. On the circle itself, the final position is 
represented by the letter t, a midway point is 
represented by the letter p. 

Points d and b are Selected. On the radii Od 
and ot. As stated above, the most practical lo 
cations for these points a and b occur where the 
prolate cycloid curves traced thereby approach 
straight lines, each at an angle of 45°. With the 
line ac-C, leaving an included angle of 90° be 
tween the approximately straight lines. The 
distance oa (or ob) that will most nearly satisfy 
this condition is found to be equal to approxi 
nately One-eighth of the circumference of the 
circle c. 

Figure 2 shows the beginning of the tracing 
of two cycloid curves a 1 and b1 between points 
'a and b respectively as the circle rolls to an 
intermediate position wherein the point p is tan 
gent to the line g-y, midway between the lines 
d-d and e-e. The diameters D1 and D2 inter 
Sect the line a-ac at 45. 

Figure 3 shows the completion of both curves 
at and b. The point a has now moved to the 
point on the line a-ac initially occupied by the 
point b. As will be seen, the prolate cycloid 
curves 0 and b quite closely approximate straight 
lines, particularly in the zone of their intersec 
tion with each other and with the line ac-ac. 

Figures 4 to 13 show the incorporation of 
these principles into a preferred mechanism or 
tool for bending a work piece W, herein repre 
sented as a tube. But it will be understood, of 
course, that other sections, such as rods, chan 
nels and the like, may be shaped in the manner 
disclosed and suggested. . . . 
The mechanism or tool comprises a first mem 

ber 2 having a handle 22 and a head or sup 
port 24 which presents a generally flat mounting 
surface 26 lying in a plane. The first member 
further includes a block portion or element 28, 
rigidly fixed thereto as by recessed screws 39 and 
provided with a work-piece-engaging channel or 
groove. 32. Opposite sides of the channel are 
bordered by straight-edges 34. Either of these 
edges may be considered as lying along or repre 
senting the line y-y (Figures 1 to 3 and 8 to 10). 
The support or head 24 is provided with a pair 

of track or slot means 33 and 38. These are 
based respectively on the prolate cycloid curves 
al; and bl. of Figure 3 and are best shown in 
Figures 8, 9 and 10. In these figures, the main 
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4. 
construction lines used in Figures 1, 2 and 3 are 
incorporated for the purpose of orientation of 
the slots 3 and 38. It will be noted that these 
slots or tracks are centered exactly on the curves 
a1 and bl and are therefore defined by curved 
sides respectively “parallel' to the curves. The 
slot or track means intersects substantially at 
a 90° angle and each is at substantially a 45° 
angle to the line c-ac. The slot 3S is carried 
beyond the point of intersection to provide a 
short extension 40 in the direction away from 
the line y-y, for purposes to presently appear. 
The other part of the mechanism or tool com 

prises a second member 42 in the form of a form 
ing member equipped with -a handle 44 and 
mounted on the support 24 of the first member 
20 by means comprising a pair of track elements 
or followers 46 and 48 respectively received by 
and following the slots or tracks 36 and 38. As 
best indicated in Figure 9, the followers 46 and 
48 are initially located so that their centers fall 
respectively on the points a and b. 
From the description thus far, it will be seen 

that the mechanism just described duplicates the 
geometry illustrated in and described in connec 
tion with Figures 1, 2 and 3. The second mem 
ber 42 has an arcuate edge 5G which is a section 
of the circle c and which is therefore tangent 
to and in effect rolls along the line y-y (repre 
sented in the tool by one of the straight edges 
33). The arcuate edge portion 50 is formed as 
a groove or channel 52 to receive the other side 
of the workpiece W. (Figure 13). 
The construction of each of the followers is 

represented by the details in Figure 13, wherein 
it is shown that there may be utilized a cap screw 
54 threaded into the member 42 and carrying a 
roller 56 to provide antifriction means in the 
track or slot. A washer 58 may be interposed 
between the head of the screw 54 and the outer 
face of the support 24 on the member 2. 
The straight workpiece is initially laid in the 

position shown in Figure 8. The extension 40 
in the track means accommodates the follower 48 
as the member 42 is shifted bodily in a direction 
away from the block 28. This allows the ready 
insertion of the workpiece W. The member 42 
has thereon an extension in the form of a hook 60 providing means for engaging the opposite 
side of the work piece. When the workpiece 
is positioned as in Figure.8, the members 20 and 
42 are moved together to assume the starting 
position of Figure 9. The work piece is then 
received by the groove or channel 32 in the block 
28 and is engaged in its other side by the chan 
nel 52 in the member 42 at the points. As 
the member 42 is rolled to the position of Fig 
ure 10, the work, piece is wrapped about the 
arcuate edge 50. Rolling movement is, of course, 
achieved by movement of the followers 46 and 
48 respectively along the track or slot means 
36 and 38. Since this motion is controlled by the 
track and follower mechanism, there will be no 
slippage of the work piece relative to the mem 
ber 42 and hence thhere will be no longitudinal 
stretching or scratching of the workpiece, , . 
The member 42 is relieved adjacent the hook 

69 as at 62 to facilitate insertion and removal of 
the workpiece. In the detail of the part or mem 
ber 42 in Figure 11, the numerals 64 indicate 
tapped bores for receiving the cap screws 54 for 
the followers 46 and 48. The numeral 66 indi 
cates a tapped tapered bore for receiving one end 
of the handle 44. The handles 22 and 44 on the members repre 
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sent means connected respectively to the mem 
bers for moving the members relatively in the 
rolling motion described above. It will be under 
stood, of course, that such means is only repre 
sentative and could be carried further in the ap 
plication of power to mechanism embodying the 
principles disclosed herein. 

Figure 14 
Mention was made above of the fact that in a 

practical application in the principles of the in 
vention, the slots based on the prolate cycloid 
curves could be made straight. A modified form 
of first member 20 is shown in Figure, 14. The 
reference numerals used in this figure are the 
same as those previously used except that they 
are prefixed by the numeral “...' Thus, the 
member 120 has a handle 22, a support or head 
124, amounting surface 26 and track or slot 
means 36 and 38, including an extension 40 
beyond the intersection thereof. The numerals 
30 indicate tapped bores for receiving cap screws 
for the mounting of a block in the manner ShOWn 
at 28 and 30 in the figures previously described. 
The lines of construction used in Figures 1, 2 and 
3 are applied to the figure to further illustrate its 
identity with the construction first described. 

Sunndtry 
The fundamentals of the operation of either 

of the forms of invention have, it is believed, been 
adequately set forth above and need no further 
elaboration. One of the important points to note 
is that for all practical purposes, the particular 
prolate cycloid curves utilized could be carried 
into straight slot or track means, as shown by a 
comparison of Figures 8 and 14, for example. 
Accordingly, the use of such expressions as "ap 
proximately straight' here and in the claims is 
intended to cover equivalents engendered by the 
proposition just stated. Further, although the 
invention has been disclosed as a manually op 
erated tool, the mechanism involved may be con siderably amplified for incorporation into power 
driven apparatus. 
Many other modifications and alterations in 

the preferred embodiments illustrated will un 
doubtedly occur to those versed in the art, all 
without departing from the spirit and scope of 
the invention as defined in the appended claims. 
What is claimed is: 
1. Mechanism for Shaping a work piece, COm 

prising: a first member having an edge defining 
a straight-line path; a Second member having 
an edge formed as an arc of a circle tangent to 
said straight-line path; said members being ar 
ranged for relative movement So that the second 
member rolls. On its arcuate edge along the 
straight-line path of the first member with said 
arcuate edge always tangent to said path; a sup 
port fixed to One member and having therein a 
first track means following the cycloid curve of 
a first point on a radius of the circle of which 
said arc is formed, and having also a second track 
means following the cycloid curve of a second 
point on another radius of Said circle; first and 
Second track followers on the other member re 
spectively at Said first and second points and re 
Spectively engaging Said first and Second track 
means; said members being respectively formed 
along said edges to receive therebetween a work 
piece to be shaped according to one of Said edges 
by relative movement of Said members as afore 
Said; and means connected respectively to the 
members for effecting relative movement thereof. 

O 

5 

20 

25 

30 

40 

50 

55 

60 

65 

70 

75 

6 
2. The invention defined in claim 1, further 

characterized in that: the radii on which said 
first and second points are located are at right 
angles to each other; and said points are equi 
distant from the center of Said circle. 

3. The invention defined in claim 2, further 
characterized in that: said points are located 
within the circumference of the circle. So that 
the cycloid curves are prolate. . . . 

4. The invention defined in claim 3, further 
characterized in that: the distance between each 
of said points and the center of Said circle is On. 
the order of one-eighth of the circumference of 
said circle whereby each of said prolate cycloid 
curves approaches a straight line and Said Curves 
intersect at an angle of approximately 90° to 
each other. 

5. The invention defined in claim 4, further 
characterized in that: one of said radii is at right 
angles and the other is parallel to said straight 
line path at the Starting position. So that the in 
terSection of each curve with a prolongation of 
Said parallel radius is at an angle of approxi 
mately 45. . . . 

6. The invention defined in claim 5, further 
characterized in that: one of said track means 
is extended beyond said intersection of the cy 
cloid curves to accommodate extra movement of 
its respective follower So that the members may 
be shifted relatively away from each other to 
temporarily Space the arcuate edge of the sec 
ond member from the straight-line edge of the 
first member. 

7. Mechanism for shaping a workpiece, com 
5 prising: a first member having a support fixed 
thereto and presenting a mounting surface lying 
in a plane; first track means on the support 
shaped as part of a cycloid curve traced by a 
first point Spaced from the center of a circle lying 
in Said plane and rolling along a line in said 
plane from a starting position; second track 
means on the Support shaped as part of a second 
Cycloid curve traced by a second point spaced 
from the center of Said circle rolling along said 
line from said starting position; means on the 
first member generally paralleling said line for 
engaging one side of a work piece to be shaped; 
a Second member; means mounting the second 
member on the support for rolling movement 
relative to the first member, including first and 
Second track followers located respectively at said 
first and Second points and respectively engaging 
Said first and Second track means; means on said 
Second member for engaging the opposite side 
of such Work piece and complementing the work 
piece-engaging means of the first member to 
shape the Work piece as the members are rela 
tively rolled as aforesaid; and means connected 
respectively to the members for effecting rela 
tive rolling thereof. 

8. Mechanism for shaping a work piece, com 
prising: a first member having a support fixed 
thereto and presenting a mounting surface lying 
in a plane; first track means on the support based 
on a first prolate cycloid curve traced by a first 
point Spaced from the center of a circle lying 
in Said plane and rolling along a straight base 
line in said plane through an angle of approxi 
mately 90° from a starting position to a final 
position, said first point lying on a first radius 
of Said circle that is perpendicular to said base 
line in the starting position of said circle and 
being spaced from the center of said circle on 
the order of one-eight of the circumference of 
said circle so that said curve closely approximates 
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a straight line at approximately a 45° angle to 
said base line as it extends from Said first point 
to a second point equidistant from the center of 
said circle and lying on a second radius of said 
circle at right angles to said first radius; said 
first track means having spaced apart, parallel, 
approximately straight sides SubStantially cen 
tered on said curve and defining a track slot 
generally coextensive with said curve; and Sec 
one track means based on a second prolate cycloid 
curve of substantially the same length as the 
first curve and traced by said second point in 
the rolling of said circle along said base line from 
said starting position to said final position, said 
second curve likewise closely approximating a 
straight line at an angle of approximately 45 
to said base line so that the included angle 
between said curves is on the order of 90°, said 
second track means having spaced apart, par 
allel, approximately straight sides substantially 
centered on said second curve and defining a 
track-slot generally coextensive with said second 
curve; said track slots intersecting at Said Second 
point to provide a continuous V-shaped track; 
riheansion the first member lying generally par 
allel to said base line and shaped to support a 
work piece lying along said base line; a second 
member; means mounting the second member 
on the first member, including a pair of track 
followers on the second member spaced apart on 
the order of said first and second points and 
respectively running in said first and second track 
slots to effect rolling mounting of said second 
member on said support, said second member 
having arcuate means thereon for engaging the 
work piece supported by the means on the first 
rhember, said arcuate means being formed about 
the center of said circle and extending on the 
order of 90° coincident with the angular range 
of rolling of said circle along said base line; and 
means connected respectively to the first and 
second members for effecting rolling of the sec 
ond member-relative to the first. 

9. A tool for forming an arcuate bend in a 
straight work piece such as a tube, rod or the 

8 
like, comprising: a first member having thereon 
a mounting Surface lying in a plane; a second 
member positioned alongside said mounting sur 
face and having a work-piece-engaging portion 

5 shaped as an arc of a circle lying in said plane 
and representing the arc of the bend to be formed 
in the work piece; means mounting the second 
member on the mounting Surface, including a 
pair of angularly related slot means in the mount 
ing'surface based respectively on a pair of cycloid 
curves traced respectively by a pair of points 
Spaced from the center of said: circle, as said 
circle 'olis along a straight base line in Said 
plane, and a pair of followers on the second-mem 
ber respectively at Said pointS. and respectively 
following said slot means; means on the first 
member providing a straight portion parallel to 
Said base line for supporting the Work piece 

20 
between said straight portion and the arcuate 
portion of the second member; means connected 
respectively to the members for moving the sec 
Ond leinber relative. to the first member in a 
rolling motion controlled by said slot means and 
followers; and means, connected to the second 
member for engaging the Work piece to pick up 
the work piece and bend it around said arcuate 
portion as said second member is rolled as afore 
Said. 
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