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This is a continuation in part of my co-pend 
ing application, Serial No. 429.023, filed January 
31, 1942. '' . '' • ~ 
The present invention relates to a method for 

making Wire coils of great exactness as e. g. coil 
insertS which have been frequently suggested for 
uSe in ScreW connections of a nale and a female 
member, Wherein the coil wire is in engagement 
With the external and internal threadings of the 

. respective partS. A wire coil of the mentioned 
type has been described, for instance, in my U. S. 
Patent, No. 2,150,876. ? 

* WhereaS ordinary coil springs in general re 
quire only a minor degree of homogeneousness 
and exactneSS of the dimensions of the ''wire ma 
terial of Which the coil is made, and also a minor 
degree of exactneSS aS. to the external and inter 
nal dimensions of the finished article, the wire 
coilS Or inserts of the type here under considera.- . 
tion must have the features of a coil spring and, 
in addition thereto, must be true to the desired . 
crOSS-Section and inclination of the wire within 
unusually narrow tolerances. The invention 
ainS, therefore, to provide a method whereby a 
Wire coil can be made So as to fulfill the high re 
quirementS aS for instance those of an insert for ' 

' .. a ScreW connection. These requirements are sub 
Stantially as follows: 

'The Wire useful for an insert, tcoil must be hard 
but ductile and of good resiliency. The nate 
rial Should be anti-corrosive and must have low 
friction qualities with respect to the materials of 
the members of the connection for which the in 
Sert is destined... In certain cases it must also be 
resistant to the attack by the products of com 
bustion in gas engines. Materials such as a hard 
bronze and stainless Steel have been found" par 
ticularly. Suited to the purpose. The wire cross 
Section of the inSert, depending on the cross-sec 
tions. of the threads in the female and male men 
bers betWeen Which the insert is intended to be ' 
used, may be round of square or it may be one of 
those croSS-sections which have.converging side 
portionS aS for instance, a cross-section of dia 
mond shape or of pear shape as described in my 
aforementioned Patent, No. 2,150,876. In the fim 
ished insert the wire should be smooth and close-. 
.ly fit the thread groowes of the male and female 
member:S. Similarly located · points of similar 
cross-Sections respectively of an insert should be 
equally Spaced from the axis of the insert.coil. 
In particular, if in Wire cross-Sections as for in 
Stance, of diamond or pear shape, a line of syn-" " 
metry of one cross-section coincldes with a ra 
dius of the coil, thera the lines of synnetry in 
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5 

other similar cross-sections should also be coin 
cident with corresponding radid. In many in 
stances, the outer diameter of the insert before 
insertion should be larger than the tapped hole 
So aS to prowide for adequate Spring tension but 
must not be too large So as to render insertion 

` difficult or even impossible. The coil may have 
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a tang to be gripped by a tool and at least the 
front half of the first conWolution may be under- ' 
sized to facilitate the insertion. In many in 
Stances, it is also recommended to apply a notch 
close to the root of the tang where the latter may 
be broken off after. the insertion of* the coil in a 
fernale threaded mernmber. A~~ 
Now, I have found that it is practically im 

possible to meet the mentioned requirements in 
an insert, coil' wound in the converational manmer' 
from wire available on the market if the original 
wire cross-Section is like that desired in the fina 
ished insert. In general, the cross-Section of the 
coil wound in the customary manner differs from 
the original shape, and, moreower, different cross 
Sections of the same coil differ from each other 
even if taken at the Same angle to the coll axis. 
Usually there are three major , reasons for? Such 
happening. First, the wire in its original form 
is, in general, not sufficiently hormogeneous as to 
its material and shape ower a length to be coiled. '' 
Second, the wire shipped in the conventional 

$0 manner, i. e. Spooled on drums or reels of not wery 
|large diameter, is bent from the start and owing 

' thereto has, what is generally termed a, **cast,'' 
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that means, the particles of the wire which should 
be arranged, So to say, in straight lines.parallel 
to the wire axis, actually form large-pitched 
helices. Third, the tension and bending stresses 
to Which the Wire is Subjected during the coiling 
are not equally distributed ower the .. entire area 
of the wire cross-section. Bwery single one of 
these causes is frequently sufficient to interfere 
with the production of a useful insert. In most · 
instances, however, all three of them act at the 
Same time'' to render a customarily nade witre · 
coil unfit as an insert for Screw connections of 
the type herein considered or for other purposes 
Where high precision aS to the cross-Sectional 
Shape is required. ? ~ ~ 

It will be clear that the least difficulties are 
encountered with wire of round cross-section, al- . 
though even an originally round cross-section 
Will no longer be truly circular in the finished coll. 
Similarly, in most instances, an originally square 

. , croSS-section will be other than rectangular and . 
in addition thereto, tilted when coiled. Inserts 
of diamond aróé pear-shaped cross-sections are 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



·2 
among the most dificult; ones to produce so a8 to · · 
be true to the desired dimensions. . . For this rea 
Son, I shall describe the method according to my 
invention mainly with reference to Such shapes. 
HoWewer, if wish it to be "understood that .this 

method With or Without wariations or modifica 
tionS is equally Well applicable to · wire of other 
croSS-sections, Symmetrical or asymmetrical, and 
that the Scope of my inveration shall not be linnited 
but by the appended claims; 

Further' .." objects and details"). of my . invention 
will be apparent from the description given here 
inafter and the accompanying drawing. 
In the drawing: ~ 
FigS. 1 to 8 are side elevation, front, and rear 

wieWS, respectively, of ara insert of the type under 
consideration. 

FigS. 4 , to 6 are different cross-Sections at .a 
greatly enlarged Scale of a, Substantially diamond 
Shaped, a pear-Shaped and an aSymmetrical wire, 
respectively, and in each of these figures," the 
Solid lines. Show the cross-section in the finished 
insert whereas the dashed lines show the cross- .. '' 

. Section prior to the coiling. 
Fig. ' ' is a diagrammatic illustration of , a tool 

for accomplishing the coiling , according to the 
invention. 

Referring to the drawing, Figs. "1", to 3 illus 
trate an example of the finished : article, that 
means, an insert coil 10 of a form which may be 
uSed " in a · Screw connection " between a tapped 
bOSS Or' .. nut and an externally threaded bolt or 
stud. Whereas the convolutions II of the major 
portion of the coil are of the Same diameter, the 
first convolution 2 is narrower in order to facilli 
tate the insertion. A 'tang * l3 is formed at the 
front; end which can be gripped by an inserting 
tool, and Which is also useful for holding the wire 
during the coiling operation as it will .. be de- . 
Scribed hereinafter. A notch f4 · may be pro? 

| wided near the root of the tang in order to facill 
tate - the removal of the latter after the insertiora 
of the coil. The other end l5 of the coil may be 
cut at a slant with respect to the wire axis to 
produce a sharp edge' which may engage. the 
material of the boss or nut member, thereby in 
creasing ? the resistance · of the coil · to , a force 
Which might tend to screw · the coil backward. 
The Wire of the illustrated .coil': [0 is of a pear 
shape more clearly shown in Fig. 5. ' However, it 
Will be obvious that; a coil similar to that illus 
trated in Figs. 1. to '3 may as wel1.be rmade of , a. 
wire hawing the cross-Section of Rig., 4 or of 'ig. 6 
or any other suitable cross-section if so, desired, 
and that a method applicable for making the coll 
according to Figs. 1 to 3 will, in general, be ap" 
plicable to wire of any desired cross-Section. It 
will be · further noticed that the pear-shaped 

` ' cross-section of Fig. 5 is truncated at its top.' 
Similarly the diamond cross-Section of Pig. 4 ds 
truncated as to its top and lowermost cornerS. 
This is done because . sharp · edges of the · con 
volutions are undesirable in a wire coll , insert. 
For' ? 'other purposes, of course, the Wire - cross 

'" sections may include the corner forned by a pair 
of converging sides. Whether or not such corners 
are present is immaterial, as to the principle of 
my invention, and I shall refer therefore, here 
inafter and in the appended clains, to such 
cross-sections as shown in Fig. 5 as diamond- '° 
shaped regardless of whether the cross-sectional · · 
figure is geometrically a conplete diannonad or a 
truncated one. ~ ? 

No matter, now, what wire cross-Section is de 
sired in the finished coll, I found it advisable to 
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start from a circular - cross-section wire. If the 
material is a stainleSS steel containing, e. g. '18% 
chromium and 8% nickel, the Wire may be first; 
annealed, pickled and then cleaned and prowdded 
with an Oxide coating; the cleaning step of opera 
tion to take place also. if the material is a suit 
able bronze, , , 'Thereafter, the clean Wire may be 
reduced in diameter by drawing , it through a 
die preferably of one of the carbide · materials, 
as for instance, a die of the material_which is on the market, under the .. name of **Carboloy.'' 
This cold working simultaneously Smootherns the 
Surface - and increaSeS · the hormogeneouSmeSS . of 
the material' and also the tensile strength, e. g. 
from : 90,000 'p. s. i. in " the annealed wire to 
150,000 p. s. i. in the wire of reduced diameter. 
Any flaws in the original wire will also be de 
tected during this step of operation. ''. The re 
quired size to which the round wire is to be re 
duced can be experimentally determined. The 
wire may "then be provided with another .. oxide 
coating by heating. This pretreatment remoWes 
one of the abovementioned causes for faulty pro~ 
duction described in the preceding paragraph. 
The so-prepared round wire of stainless Steel, 

or if the material" is a bronze, the Wire cleaned 
· · and reduced to the required diameter and haw= 
ing the desired qualities may then be shaped by 
suitable means, . for instance .." by drawing it 
through grooved rollers so adjustable that the 
wire thickness can be controlled. For measuring 
the thickness of a wire of other than circular 
or square cross-Section I found a micrometer 
useful which has a lower and an upper anwil, 
each groowed to match the desired shape of Wire. 

For the reasons hereinbefore given, the shape 
to which the wire is reduced by the last-men 
tioned drawing operation must be different fron 
that required in the finished insert to compensate 
for later changes owing to the coiling. ''. In gen 
eral it can be said that the portion of the cross 
section above the neutral axis in , the bending 

.. should originally be larger and the portion below 
that axis should be Smaller than in the finished 
insert, · 'The differencé required dependS On Warl= 
ous factors, particularly on the shape of the Wire 
cross-section, the diameter of the coll, and also 
on the wire material. It can be found by calcula= 
tion but is better established by experimentation. 
Considering, for instance, Fig. 4, it is aSSumed 

that the truncated diamond 20 shown in solid 
lines is the shape desired" in the finished coll. 
'The diamond has an upper pair of converging 
'.sides 2 and 22 and a lower pair · of converging 
sides ?? 23 and . 24. The border lines of the upper . 

...and lower truncations are denoted by 25 and 20, 
respectively, and the horizontal diagonal by 2l. 
'The sides 2 to 24 are of equal length, and the 
angles. of convergence 28 and 29 are approxl 
mately 60°. in the illustrated example, 
clear that in bending a , wire of dianond croSS 
section in a plane comprising the top and loWer? 
most corners, the diagonal. transwerSing ? that 
plane, i.e. the diagonal | 2 | in the present case, 
will define the neutral zone. ?. Consequently, When 
forming the wire into a coil, the portion above the 
diagonal will be subjected to tensile StreSS caus 
ing a decrease of the cross-sectional area where 

' as the portion below the diagonal.will be con- : 
pressed , and the corresponding cross-sectional 
area, Will be increased in .. size. 
ratio 'of the change in size increases approxd? 
1mately according to the distance of a contem? 
plated partial area, from the neutral zone. 

'° in order to obtain a colled, i.e. a.continuously 

It will be 

Furthermore, the 

Now, 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



2.871.674 · ? ~ 83 
bent wire of damond cross-section, I provide 8} 
original wire cross-section which consists of two 
triangles on the same base, wherein howeWer, the 
upper one has a greater height than the lower 
one, or in other words wherein the angle of con 
wergence of the upper triangle is Smaller than " 
that of the lower triangle. This is indicated in 
Fig. 4, where the angle 30 included by the dotted 
triangle sideS 3 and 32 is approximately aS.much 
Smaller than the angle 28 as the angle 35 in 
cluded by the sides 33 and 34 is greater thana 
the angle 29. However, I have found that an 
original diamond croSS-Section haWing the Sides 
3f to 34 will not always obtain the desired shape 
of the diamond 2[ to 2é by merely bending or 
coiling a So-shaped wire. In most instances it 

' is neceSSary to make the Sides of the upper thri 
angle wery slightly comWex as shoWn at 4, and 
42, and the sides of the lower triangle slightly 

· concave aS shown at? é3' and 44 in order to form 
Éhe desired dianOnd 20 by bending. Further 
more, it will be seen that the border lines 45 and 
é6 of the truncations in the original croSS--Section 
are located above the desired lines 25 and 26, 
respectively, and that they are respectively long 
er and shorter than the latter. . It will be clear 
that the desired croSS-Section can be accurately 
obtained by bending wire of another original 
crOSS-Section only if extreme care is taken in · 
selecting the latter according to all prewailing 
circumstances in each instance, and if the wire 
is abSolutely homogeneouS. Howewer, according 
to the foregoing it is. possible to establish the 
original wire croSS-section with sufficient approx 
imation to the ideal. 

In a Similar manner the pear-shaped cross- . 
section 60 of Fig. 5 can be obtained if the wire 
is originally shaped with a Cross-Section Substan 
tially according to the dash line contour. This 
comprises tWO Slightly convex sides 5 and 62 
converging at an angle 4 Somewhat Smaller than 
angle 48 of the sides 53 and 54 of the 'triangular 
upper portion of the croSS-Section 50. The lower 
portion 55 of the desired outline in the illustrat 
ed example is an arc of a circle. In this caSe, 
the corresponding portion 56 of the original wire 
cross-Section is a curwe in which the radius of 
curwature of any point is larger than the radius 

. of the arc 566. . However, the radius of curwature 
of the deepest, i. e. the middle part of the curve 
36} is Shorter than the radii of laterally located 
points. It will be clear that Such a Shape is con 
sistent with What has been said with regard to 
the sides 43 and 44 of the lower truncated triangle 
of Rig. 4. If the desired shape of the lower por 
tion of the pear-shaped cross-Section is an arc 

' of 180°, it is of course similar to the lower por 
tion of a round cross-Section. Hence, in order 
to obtain a coil of circular cross-section, the-wire · 
prior to the coiling should have a portion smaller 
than a semi-circle on the one side of a diameter, 
and another portion larger than a Semi-circle on · 

` the other side of said diameter; and the curwature 
of the first mentioned portion should be accord 
ing to what has been said with respect to the arc 
68 in Fig. 5, wherea.S in the other portion the 
radius of the curwature of the middle part of the 
curve .should be larger than, the radii of points 
laterally thereof. Fig.6 shows a wire cross-sec 

| tion of aSymmetrical Shape, wherein the cOratour 
. of the · desired cross-section is denoted by 50 
whereas 59 is the circumference of the original 

· shape of the wire. No further explanation seens 
to be necessary with regard thereto in view of the 

2; and a threaded male member. 

3; material. 

When the wire has been provided with the 
cross-section required to obtain the desired cross 
Section of the finished coil, ·any cast of the wire 

' occurring as hereinbefore - explained, owing .. to , 
6 the original Winding of the , wire on a drum or 

reel of relatively Small diameter and/or owing to 
other cauSeS for a lack of unifornity, should be 
remowed or at least; So far rernowed that the wire 
will be free from twist ower an appreciable length. 

10 This can be accomplished by passing the wire 
through Straightening rollers groowed according 
to its croSS-section. The wire so treated may 
then be Wound on drums or reels of relatively 
wery large diameter, that means, a diameter "sew 

5 eral hundred times the height of the wire cross-. 
Section, to aWoid strain on the wire, which is now 
ready to be worked in the desired insert fB Such, 
for instance, as . illustrated in FigS. 1 to 8. Ror 
this purpose, the free end of the wire may be 

20. gripped and held straight so as to form the tang 
['3 shoWm in Fig. 2; then by rotating the gripped 
end, the Wire may be coiled into the shape" the 
insert is intended to take When in position be 
tween the thread grooves of a threaded female 

When a length 
of wire Sufficient for one insert has been coiled, 
the wire may be cut of at l5. When the torque 
applied to the tang in coiling the wire is released 
and the finished insert; is also free' in other re 

30 Spects, it will Spring to an outer diameter larger 
than that it had during the coiling. This larger 
diameter can be used as a measure in gauging 
the insert in respect to both the requiired dimen 
sions and the required elastic properties of the 

'This is important.because the friction 
of the wire during itS insertion in the tapped 
hole of the member for which it is destined will 
be inadmissibly high, if the diameter of the free 
coil is too large, and the desired Wedging action 

40 of the wire between the conwolution flankS of the 
tapped thread of the female member will be too 
low if that diameter is undersized. Finally, the 
insert may be notched as at ', l4 near the root of 
the tang for the abowe-Stated purpose. 

45. AS stated hereinbefore, according to my inven 
tion, an originally selected croSS-Section of the 

" wire is changed during and by' the coiling to the 
desired shape, and if the croSS-Section is orig 
inally correctly Selected no additional meaSures 

50 º need be applied in order to obtain the · desired.' 
shape. Howewer, in cross-Sections Such as e. g. 
illustrated in Figs. 5 to 7, there is a certain danger 
of the wire conwolutions tending to tilt under the 
bending stresses of the coiling. For this reason, 

66 it is adwisable to guide the wire during the coil 
ing So that similar" points of all wire croSS-Sec 
tions are correctly and similarly located in rela 
tion to the coll axiS. 

mandrel, and simultaneously guiding the outer 
wire portion along stationary fianks which pre 
went the .. wire from tilting. ~ ^...-- 
This method can be still further .improved by 

0b shaping the groowe of the mandreli according to 
. the thread groowe of the male member for which 
the insert is destined, and by guiding' the outer 

· wire portion in a tapped thread groowe of a shape 
8uccording to that of a corresponding female 

70 member. In other words, the wire may be colled 
between two mernberS groowed complementary to 
at least a portion of a coll of the desired shape. 
In this manner, the wire can be calibrated dur 

.. ' 'ing the coiling. Moreower, if "the groowed man 
forgoing statements relating to Figs. 4 and 6. ?é del and the tool provided with a tapped hole 

This may be accomplished' 
by winding the wire into a’..thread groowe of the' 

00, desired pitch and root diameter provided on a 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



· 4 ?? 
are · of Sufficiently hard and resistant; material, 

, they.may be used to act as dies in the coiling 
and "simultaneously Shaping operation. ''. This is 
of partictular advantage, because it is not always 
quite easy to find the correct cross-section which 
will': transform into the desired Shape merely by 
coiling, the wire. If, however, the coiling is ac 

` ' complished in a die the Wire will readily take the 
desired shape notwithstanding a slight; incorrect 
neSS in the Selection of the original cross-Section, 
because in .order to render the coll' form perma 
nent, the wire must any way be stressed beyond 
itS original, elastic limit, that means, it must be 
brought into a molecular state where it is sufm 
ciently · ductile to Snugly fit the ?) Walls of the 
grooweS of the mandrel and tapped die.. 

Fig. 7 illustrates · diagrammatically ', how the 
coiling. may be accomplished in the · aforesaid 
manner. " " A rotatable mandrel | 60 is provided 
with a slot, 6 in its front end. This slot, cpens 
in a thread grooWe 62 , which is shaped similarly 
t0 the · inner", portion of the desired wire ? cross 
Section. For instance, if a wire according to Rig. 

' 4 is to be coiled, the groowe 62 should have flanks 
converging at the same angle as the sides 23 and 
24 of the diamond of that figure. The bottom of 
the groowe need not be according to the line 26 

. of Fig. 4. On the contrary, in the present exam 
ple it is advisable to continue the fianks of groowe 
62 to a sharp edge, whereby a certain.clearance 
will be prowided for the wire should the latter 
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Sible according to what "has been stated herein 
before, and, then to coil it on a groowed maandrel 
in a suitably groowed nut or die member of the 
type .. of a drawing tool. 
’ Although I have hereinbefore described the 
method according to my invention mainly as ap? 
plied to an insert for a , screw connection it will 
be apparent to those skilled in the art ) that the 

' same method is useful also in the production. of 
wire coils for other purposes. ' 'urthermore, it 
will be clear that alterations and modifications 
are possible within the eSSence and Spirit of my 
invention which, therefore, shall not be limited but by the scope of the appended claims. 

| claim: ~ 

1. A method of making a wire coll of a cross- · · 
Section hawing · two . , outwardly .. conWerging 
straight-lined sides which comprises the steps of 
prowiding the wire to be coiled with a cross-sec 
tion similar to , but differing from the desired in 
that, the angle of the converging sides is Smaller 
than desired in the coil and that the converging 
sides are slightly convex in the portion above that 
Wire axis which is the neutral axis of the cross 
Section in the Subsequent coiling step, coiling the 

} wire and comfining it; on all sides ower an appre 
ciable length during the coiling So as to compel 
all points of each wire cross-Section to travel on 

' .. helical paths of constant; and equal pitch, there 
30 

be slightly . .oversized...” The mandrel | 60 is ar-- '' 
ranged in a Stationary. die · member = 63 ? provided 

• with a tapped groowe 6é. Groove 64 is · shaped 
| according to the sides 2 and 22 of the diamond 
of Rig. 4. " For the same reason as stated above, 
groowe 6é may have a sharp edge at its bottom. 
Gro0WeS ?? 62 and 6é are _ of equal pitch, and the 
die may be ' recessed at 65. So that the wire 68 
may be fed through said recess. . Now it; will be 
clear , that the front, end of the wire 66. may be 
inserted in the slot.6! when the front end of the 
mandrel is within the die member 63 and the slot, 
is in registry with the recess 65. By rotating the 
mandrel? 60 in the sense of the arrow at, the por 
tion of the Wire in the rear of its front end can 
be caused to engage the thread groove $2 of the 
mandrel .. and simultaneously the . thread groove 
6é of the die 63 aS clearly shown in the drawing. 
Thereby, the wire will be .. drawn between the 
Walls of Said grooves and simultaneously act as 
a threading' to shift; the mandrel axially during 
its rotation. ''. Thus, the coil of desired shape and 
croSS-Section , will be produced. It will be un 
derstood that it has been hereinbefore suggested 
to use the , die member ?? 63 like a drawing .tool. 
It is also conceivable to" provide this member .. 63 
with cutting edges as in a conventional die nut 
in order to do with less accuracy in the selection 
of the original wire cross-section. · However, 1 
have found that such method is less , advisable 
because it is extremely difficult to obtain Surfi 
ciently Smooth SurfaceS of the' wire if some ? cut- . 
ting operation occurs during the colling. '' : I rec 
ommend, therefore, ', first to make the original 
wire croSS-Section as correctly as reasonably pos 
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by . insuring · Symmetrical locations of all wire 
croSS-Sections of the coil with respect to the axis 
of the latter. ~ 

2. A method of making a wire coil of a cross 
Section." hawing ... ... two · · outwardly converging 
straight-lined Sides which comprises the steps of 
prowiding ... the wire to · be coiled with a cross 
Section similar to but differing from the desired 
in that the angle of the converging sides is small 
er than desired in the coil and that the converg 
ing Sides are slightly convex in the portion abowe 

.' that wire axis which is the neutral axis of the 
crOSS-Section in the subsequent coiling step, coll 
ing the . Wire and simultaneously passing it, with 
Said conWerging sides through a die groowe of 
the' desired cross-section. ~ * • ? . 

3. A method of making a wire coil of a cross 
Section having a pair of converging straight-lined · 
SideS as the contOur of its outer portion and an 
arc of a conWex curwe as the contour of.its inner 
pOrtlora, which comprises the steps of providing 
the wire to be coiled with a cross-section similar 
to but differing from the desired in that the angle 

• of the converging sides is smaller than desired 
in the coll and the sides are slightly convex, and 
that the contOur of the inner portiora of the cross 
Section is a curve in which the radius of curva 
ture of any point is larger than that of the de 
Sired arc and the radius of the middle .. portion 
of the curve is shorter than the radii' of laterally 
located pointS, coiling the .. wire and simultane 
Ously guiding the , wire on both converging sides 
between two straight-lined fianks converging at 
the desired angle while guiding the curved por 
tion in a groove of a cross-section according to 
the desired arc of a curve. ~ 

HAROLD CAMTNEZ. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  


