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19 Class. (Cl. 2:9-155) 
This invention relates to a new or improved method of 

and apparatus for processing wire for the purpose of in 
proving the same, both in respect of certain of its tensile 
properties and also in respect of its configuration as here 
inafter more particularly explained. 
The present invention is applicable both to wire in single 

lengths as well as to wire strand and wire rope. As is 
known, wire strand is formed by spinning a number of 
wires together around a central core, which core may be 
either a single wire or may be formed as a strand or length 
of fibre. A wire rope is a number of so formed wire 
strands, frequently six in number, spun together around 
a central core, which core may itself be a wire strand or 
a single length of wire. 

For convenience in description the expression "wire' as 
employed in this specification is intended to include within 
its ambit wire strand and wire rope, in addition to em 
bracing single lengths of wire. 
The invention is particularly concerned with a new or 

improved method of and apparatus for improving the 
relaxation properties of wire, thereby rendering the wire 
articularly suitable for use in pre-stressed concrete con 

struction. 
Relaxation is a quantitative measure of the reduction 

in a predetermined tensile loading which, over a period of 
time, is requisite to prevent additional elongation of a 
length of wire which is being subjected to such predeter 
mined tensile loading. The period of time referred to 
may be measured in multiples of ten minutes or in hours 
or days, dependent upon the desired accuracy of the relax 
ation test. 
The relaxation property of wire is accordingly a meas 

ure of its utility in pre-stressed concrete construction in 
that in pre-stressed concrete the pre-stressing wires em 
bedded in the concrete are thereby maintained at a con 
stant length and measurement of the relaxation property 
provides indication as to the tensile load to which the con 
crete can safely be subjected under service conditions, i.e. 
after an extended period of time. 
The improvement in the relaxation property of wire 

which, as hereinafter explained, can be obtained by the 
method and apparatus the subject of the present invention, 
in fact results in a consequential improvement in the elas 
tic limit and of the percentage elongation of the wire when 
subjected to the usual tensile test. 
The method and apparatus the subject of the present 

invention further enables wire strand and wire rope to be 

2 
produced in which, in the case of strand, the individual 
wires constituting the strand are formed to their designed 
helical shape in a particularly accurate manner and in the 
case of wire rope ensures that the strands forming the rope 
are similarly accurately formed to the desired helical shape 
so that a particularly perfect strand or rope is obtained 
so that when cut to iength there is a complete or virtually 
complete absence of splaying of the cut ends, and the 
strand or rope can be cut without it being necessary to 
bind the same at either side of the point of severance. 
The method and apparatus the subject of this invention 

further enables wire to be produced, whether in single 
lengths or as wire strand or wire rope, which is of particul 

15 larly straight configuration, i.e. particularly free from 
slight kinks or other deviations from the straight. 
These improvements in the shape of wire processed by 

the method and apparatus the subject of the invention, i.e. 
the aforementioned accurate helical shape in the case of 
strand or rope and markedly straight configuration in the 
case of a single length of wire or in the case of strand or 
rope, in addition to resulting in an article of specially high 
quality, renders the wire particularly suitable for use in 

25 pre-stressed concrete construction in that, under the con 
tinued tensile load there is the minimum of liability for 
the wire to elongate merely as a result of continued 
straightening of the wire or change in the position or 
shape of an imperfect helix of single length wire or strand, 

30 in the case respectively of wire, wire strand or wire rope. 
In the specification of the prior United States patent ap 

plication No. 431,965, now abandoned, of Kenneth 
Graeme Hann there is described and claimed a method of 
straightening cold drawn wire and the like formed of steel 
of the kind specified in such specification, comprising heat 
ing successive lengths of the wire or the like to a temper 
ing temperature, of the steel concerned as defined in the 
prior specification, subjecting the wire or the like heated 

40 to such temperature to a tensile force acting in the direc 
tion of its length of magnitude sufficiently great as, hav 
ing regard to the time during which each wire length is 
maintained at such temperature and the value thereof, as 
thereby to impart a permanent elongation to the wire or 

45 the like and effect a straightening in the form of the wire 
or the like without at the same time applying a tensile force 
sufficiently great to the wire as to effect failure of the wire 
under the applied tensile load. 

In the prior specification there is particularly described 
an arrangement in which the tensile force which serves to 
straighten the wire is obtained by cold drawing the wire 
through a drawing die or between drawing down rolls, but 
we have also described in the specification a further 

5 method of applying the tension to the wire in which a 
length of previously drawn down wire is advanced from a 
feeding drum to a power driven capstan or block in which 
the feeding drum is provided with a brake or other means 
for retarding its rotation, so that the wire is subjected to 

60 tension in passing from the feeding drum to the capstan 
or block, the length of wire which is subjected to tension 
in this way being heated to the tempering temperature 
above referred to. 
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As described in the prior specification, such method 
serves to improve certain of the tensile properties of the 
wire in addition to improving the straightness of the wire 
but necessarily such improvements which are obtained 
will be dependent upon the strain produced in the wire, 
and in both of the particular arrangements described in 
the prior specification for applying the tension to the wire 
this strain is dependent on the tensile force actually ap 
plied, in the one case by the drawing tension and in the 
other case by the braking load applied to the feeding drum. 
With either of these particular arrangements for carry 

ing out the method the subject of the prior specification it 
is difficult to ensure that the tension applied is always the 
same, especially having regard to slight variations which 
may occur in the specified characteristics of the wire, and 
the diameter thereof, and it is therefore difficult accul 
rately to control the maximum tensile stress developed in 
the wire so that it is difficult to control accurately the de 
sired improvement in the tensile properties of the wire. 

This difficulty is particularly marked where, as described 
in the prior specification, the wire is drawn through a die 
in that necessarily the die will be wearing slowly through 
out its period of operation so that the tension thereby ap 
plied to wire of a given diameter will tend slowly to de 
crease until the die is renewed. 
A further disadvantage of applying the tensile force to 

the wire by drawing it through a die is that it is obviously 
very difficult to apply such an arrangement to wire strand 
and wire rope. 
Although the alternative described in the prior specifi 

cation of producing the tension by braking means applied 
to the feeding drum can, without difficulty, be employed 
with wire in the form of Strand, or rope, such an arrange 
ment is subject to the disadvantage that the provision of 
such braking means involves a useless expenditure of 
power which is dissipated in heat at the brake and which 
power may well be as high as about sixty horse power in 
the case of wire strand of 1/8 inch diameter. 
The present invention has for its object the provision 

of a new or improved method of and apparatus for proc 
essing wire for the purpose above described, which method 
and apparatus avoids the disadvantages of the arrange 
ments described in the prior specification aforementioned 
and at the same time is adapted to produce a wire which 
is characterised by particularly good relaxation properties 
and which is formed with a particularly high degree of 
accuracy in respect of the characteristics of straightness, 
and helical form in the case of strand or rope, as already 
described. 
The present invention in its widest aspect comprises a 

method of processing wire for the purposes described, said 
method comprising applying to the wire a controlled pre 
determined strain by advancing the wire around a plu 
rality of rotary members, each rotating at the same angular 
velocity but at progressively increasing diameter in the 
direction of wire advancement, and heating the successive 
predetermined lengths of the so strained wire to a tem 
perature such as to produce a predetermined permanent 
elongation in the wire. 
As the rotary members are rotating at the same angular 

velocity, it will be understood that the strain produced in 
a predetermined length of wire is dependent entirely upon 
the ratio between the smallest and largest diameter of 
the several rotating members of progressively increasing 
diameter in the direction of wire advancement and since 
this difference can be predetermined accurately, we can 
ensure by the present invention that the precise pre 
determined strain is produced in the wire and since the 
maximum temperature of the wire can, without difficulty, 
be maintained at any desired predetermined value, it is 
possible by the present invention accurately to control 
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4 
the desired permanent elongation of the wire and thus 
the desired improvement in the relaxation characteristics 
of the wire under service conditions. 
More specifically and preferably the present invention 

further comprises a method of imparting a permanent 
elongation to wire, said method comprising advancing 
the wire around a succession of rotary members, each 
rotating at the same angular velocity and which, in the 
direction of wire advancement, are of progressively in 
creasing diameter so as to apply a predetermined strain 
to the wire, heating the so strained wire to a temperature 
such as to produce a desired predetermined permanent 
elongation in the wire, advancing the So elongated wire 
around one or a number of rotating members, and which 
member or number of members all rotate at the same 
angular velocity as that of the members of progressively 
increasing diameter, and which one member or at least 
the smallest diameter of the number of members around 
which the permanently elongated wire advances is of a 
diameter less than the maximum diameter of the rotary 
members around which the wire passes, such that the 
tension of the wire leaving the last of the succession of 
rotary members is the same as or not substantially greater 
than the tension of the wire advancing on to the first of 
said succession of rotary members. 

in such preferred method it will be appreciated that 
the several rotary members are not subjected to any re 
sultant torque and it is unnecessary to provide any power 
drive of any kind thereto, it being required merely to 
ensure that the tension of the wire passing on to the first 
rotary member is sufficient to prevent slip of the wire as 
it passes around the first of the several rotary members 
and it being further required merely to apply a Sufficient 
tension to the wire leaving the last of the Several rotary 
members as to ensure the continued advancement of the 
wire. 
The tension in the wire leaving the last of the several 

rotary members may, as in the case of the tension in the 
wire passing on to the first rotary member, be quite Small 
so that the method the subject of the present invention en 
abies the wire to be processed for the purposes above 
described with the mininum expenditure of power. 
Necessarily, some power is required to overcome the fric 
tional forces during the passage of the wire around the 
several rotary members as well as to overcome the fric 
tional resistance to rotation of the members but the 
amount of power so absorbed is quite small. 

This power may be supplied by means of some form of 
pulling device such as a power driven capstan or block 
which applies tension in the known manner to the wire 
leaving the last of the several rotary members and in this 
case the tension of the wire leaving the last of the several 
rotary members will be greater than the tension of the 
wire passing on to the first rotary member. 

Alternatively, the power required to overcome the said 
frictional forces and resistance to rotation of the rotary 
members may be obtained by power driving the latter so 
that with the several members all rotating at the same 
angular velocity in this latter case the tension of the wire 
advancing on to the first of said succession of rotary mem 
bers will be the same as the tension of the wire leaving the 
last of the succession of rotary members. 

In the case where the wire is advanced around the 
several rotary members by applying tension to the length 
of wire leaving the last of the succession thereof, such 
tension will differ from the tension in the wire passing on 
to the first of said succession of rotary members by an 
amount herein defined by the expression "not substan 
tially greater than,' which amount corresponds to the 
force necessary to overcome the frictional forces above 
referred to in effecting rotation of the several rotary menus 
bers and in advancing the wire therearound, 
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The heating of the wire in the method described may 
be effected by passing an electric heating current there 
through, for example, by advancing the wire in the form 
of a loop around a drum or pulley, which may constitute 
one of the rotary members referred to, this drum or pulley 
being connected to one part of the heating circuit, the 
arrangement being such that the current path is along 
each of the two lengths of wire forming the loop, i.e. 
passing on to and off this drum or pulley with the other 
end of the heating circuit connected to the remainder of 
the several rotary members. 

Alternatively, the heating may be effected inductively 
by inducing a heating current in the length of wire which 
is subjected to the maximum tension, for example, by 
passing the length of wire to be heated through the open 
ing or window of a transformer core carrying the primary 
winding, which would be connected to a suitable alternat 
ing current source. 
The invention further comprises apparatus for carry 

ing out the foregoing method, said apparatus comprising 
a plurality of rotary members, the periphery of which is 
adapted frictionally to engage with wire advanced Suc 
cessively around each of said members, said members be 
ing adapted to rotate at the same angular velocity but 
being of progressively increasing diameter in the direc 
tion of wire advancement so as to impart a controlled 
predetermined strain to the wire advancing around the 
last of said successively increasing diameter members, and 
means for heating the so strained wire to a temperature 
such as to produce a predetermined desired permanent 
elongation thereon. 
The rotary members may each be mounted for rotation 

about separate axes and geared together so as to rotate 
at the same angular velocity but preferably a number of 
rotary members would be mounted on one of a number of 
common mutually parallel axes. 
The apparatus in its preferred form would comprise 

a plurality of rotary members, the periphery of which is 
adapted frictionally to engage with wire advanced suc 
cessively around each of said members, said members 
being adapted to rotate at the same angular velocity with 
some of said members being of progressively increasing 
diameter in the direction of wire advancement, so as to 
apply a progressively increasing strain to the advancing 
wire, means for heating to a controlled predetermined 
temperature a length of the wire which is subjected to the 
maximum strain so as to effect an elongation thereof 
under the tension produced in said length of wire by the 
applied strain, the arrangement being such that the So 
elongated wire is thereupon adapted to be advanced 
around the remaining of said rotary members, which re 
maining rotary members are of progressively decreasing 
diameter in the direction of wire advancement Such that 
the tension of the wire leaving the apparatus is the same 
or not substantially greater than the tension of the Wire 
entering the apparatus. 

In this preferred arrangement the rotary members may 
be arranged in two sets, with each Set mounted on an as 
sociated freely rotatable shaft, and the wire would, in its 
direction of advancement, be arranged to pass initially 
around a first member on one shaft, namely a first shaft, 
then around a member, namely a second member on 
the other, i.e. second shaft, then around a third member 
on the first shaft and so on from one set of members to 
the other, with the first, second, third, and each succeeding 
member of progressively increasing diameter so as to 
apply the desired maximum strain and associated maxi 
mum tension to the wire, the latter after being heated 
to the required temperature, similarly passing successive 
ly around the two shafts and their associated members 
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6 
Df progressively decreasing diameter in the direction of 
wire advancement until the wire finally leaves the ap 
paratus. 
The length of wire to be heated may be passed around 

a drum or pulley or other rotatable member mounted for 
free rotation about an axis spaced from the axes of rota 
tion of the said rotary members of the progressively in 
creasing and decreasing diameter above referred to so as 
to provide a loop of the requisite length for heating the 
wire to the required maximum temperature, which length 
is thus obtained irrespective of the spacing between the 
axes of rotation of the two sets of rotary members above 
referred to and their diameter. 

Preferably all of the rotary members are constructed 
as grooved pulleys with the two sets of rotary members 
which rotate about respective shafts being each formed 
as a multigrooved pulley, with each pulley groove con 
Stituting one of the several rotary members referred to, 
with the grooves being formed to different diameter as 
above described. 
Whatever arrangement is adopted, the diameter of the 

last of the series of pulleys or other rotary members will 
be greater than the diameter of the first of the pulleys 
or rotary members in the direction of wire advancement 
so as to allow for the elongation which has occurred in 
the wire by reason of the fact that the members are all 
rotating at the same angular velocity and a permanent 
elongation with an associated reduction in diameter of 
the wire has taken place so that the linear velocity of the 
wire leaving the apparatus will necessarily be somewhat 
greater than the linear velocity of the wire entering the 
apparatllS. 
One particular preferred method of and apparatus for 

carrying out the invention will now be described with 
reference to the accompanying drawings wherein: 
FIGURE 1 is a diagrammatic view illustrating the prin 

ciple of the method the subject of the invention. 
FIGURE 2 is a side elevation depicting in diagram 

matic form one preferred arrangement of apparatus for 
carrying out the method the subject of the invention 
Specifically applicable to the production of wire strand. 
FiGURE 3 is a side elevation of part of the apparatus 

depicted in FIGURE 2 illustrating the arrangement of 
the rotary members for applying the tension to the wire 
and the associated wire heating means. 
FIGURE 4 is a plan view of the part of the apparatus 

which is depicted in FIGURE 3. 
FIGURE 5 is a detailed view to an enlarged scale look 

ing in the direction of the arrow 5 in FIGURE 3. 
FIGURE 6 is a view similar to FIGURE 3 but show 

ing an alternative form of apparatus. 
FIGURE 7 is a graph illustrating the improvement in 

certain of the tensile properties obtained with one specific 
example of wire when subjected to the method the sub 
ject of the invention. 
FIGURE 8 is a further graph illustrating the improve 

ment in the relaxation properties of the same specific ex 
ample of wire when subjected to the method the subject 
of the invention. 

Referring firstly to FIGURE 1 of the drawings, the 
apparatus essentially comprises a number of rotary mem 
bers which, in the direction of wire advancement, are 
successively designated 10, 11, 12, 13, 14, i5, 6, 17 and 
18. 

The members 0, 2, 6 and 18 are all constituted by 
separate V-section grooves of a single first pulley 19, while 
rotary members 11, 13, 15, and 17 are all constituted by 
the separate W-section grooves of a second single pulley 
20. The said grooves of the two pulleys 9 and 20 are 
referenced in FIGURE 3 to correspond with the rotary 
members 10, 12, i6, 18, and 11, 13, 15, and 17 re 
spectively 
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The first and second pulleys 19, 20, are supported for 
rotation by separate bearings 2 carried upon a Support 
ing frame 22, so that the two pulleys can each rotate freely 
about spaced parallel axes. 
The rotary members 0, 1, 12, 3 and 15 are, as 

hereinafter explained more specifically, of progressively 
increasing diameter so as to constitute strain applying 
members, while the rotary members 6, 17, and 18 are 
all of progressively decreasing diameter with the nem 
ber 16 of a diameter less than the member 15 So as to 
constitute tension relieving members, as more particularly 
hereinafter explained. 
The member 14 serves no part in applying the prede 

termined strain to the wire and serves merely to provide 
a convenient means for forming the wire into a loop 23 
of relatively long length which is subjected to the prede 
termined maximum strain and which loop enables the SO 
strained wire conveniently to be heated to the desired 
temperature to effect permanent elongation of the wire. 
The diameter of this member 14 is accordingly immaterial 
and it is mounted through bearing 2 from frane 22 for 
rotation about an axis separate from that of the two 
pulleys 9, 20, the member 4 being similarly formed as 
a pulley having only a single groove and being adapted in 
the arrangement shown in FIGURES 2 to 5 to be con 
nected, as hereinafter more particularly described, to one 
side of an electric circuit so as to apply heating current 
to the two parallel lengths of wire in the loop 23 passing 
around this pulley. Conveniently this pulley 4 is elec 
trically insulated from the pulleys 19 and 20, which are 
themselves connected to an earth or return lead of the 
electric circuit so that this pulley 4 constitutes a live 
pulley and will be so described. 

in the preferred arrangement illustrated in FIGURES 
2 to 5 of the drawings, which is specifically adapted for 
the processing of wire strand in accordance with this in 
vention, the rotary members constituted by the grooves 
as above numbered of the two pulleys 19 and 26 have the 
diameter set out in Table I below: 

TABLE 

Rotary member drawing ref. no.: Diameter, inches 
it ----------------------------------- 36 
11 ----------------------------------- 36.00 
12 ----------------------------------- 36.035 
13 ----------------------------------- 36.098 
15 ----------------------------------- 36.560 
i6 ----------------------------------- 36.457 
i7 ----------------------------------- 36.393 
18 ----------------------------------- 36.367 

Thus, each of the five rotary members constituted by 
the pulley grooves 10, , 2, 3, and 15 are of progres 
sively increasing diameter while the grooves 6, 7, and 
18 are of progressively decreasing diameter. 
The wire during its advancement passes around sub 

stantially one half of the circumference of each pulley 
groove so that slip will not occur between the wire and 
each pulley groove, i.e. the latter engage the wire fric 
tionally and the advancing wire thereby causes the said 
rotary members to rotate in the direction of wire advance-. 
ment, the wire in its direction of advancement passing 
first around pulley groove 10, then around pulley grooves 
1, 2, 13, and pulley 14 and subsequently around pulley 

grooves i5, 6, 7, and 18. Since pulley grooves 19, 
12, 16, and 18 are all provided on the one pulley 19, and 
grooves 11, 3, 15, and 17 are all provided on the one 
pulley 20 so that the wire is passing backwards and for 
wards from one pulley to the other as above described, and 
in the manner illustrated, the two pulleys 9 and 20 must 
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necessarily rotate at the same angular velocity, provided 
that slip does not occur between the wires and the pulley 
grooves and the pulley groove diameters above referred to 
are selected so that in practice slip should not occur. 
The wire which is being advanced in cold state around 

each of the four pulley grooves it, , 2, 3, will be 
Subjected to a progressively increasing strain by reason 
of the absence of slip between the wire and the pulley 
grooves, and the progressively increasing diameter of 
these pulley grooves which are all rotating at the Same 
angular velocity. Thus a progressively increasing tension 
will be applied to the wire as it passes around these pro 
gressively increasing diameter pulley grooves. 

Pulley groove E5 has a diameter greater than that of 
pulley groove 13, the difference in diameter being sub 
stantially greater than the difference between pulley 
groove 16 aid pulley groove 53 and the Substantially 
greater difference in diameter serves not only to apply 
Some additional strain to the wire in passing from pulley 
groove 3 to pulley groove 55, but also and more impor 
tantly allows for the permanent increase in length per 
unit length of wire passing from pulley groove 53 to pull 
ley groove 5 consequent on the heating of the wire 
whilst under tension during its passage froin pulley groove 
13 around live pulley £4 back to pulley groove 15. 

he above referred to progressively decreasing di 
ameter of pulley grooves i3, 7, and 8 in this order 
serves progressively to reduce the strain and the associ 
ated tensile stress in the wire as it passes from pulley 
groove 5 around these three further pulley grooves 6, 

7 and 8. 
The foregoing progressive reduction in pulley groove 

diameter is in fact so chosen as to ensure that the tension 
in the length of wire leaving the last of the several pulley 
grooves, namely pulley groove 13 is not substantially 
greater than the tension in the wire passing on to pulley 
groove 3. 
At the same time the above specified difference in di 

ameter between the Successive pulley grooves, having re 
gard to the permanent elongation produced in the heated 
length of wire passing from pulley groove 13 to pulley 
groove 5, is so chosen as to ensure that the wire re 
mains taut as it passes around each of the various pulley 
grooves, i.e. there is a complete absence of slip between 

5 the Wire and the several pulley grooves around which it 
passes. 

In order to ensure absence of slip, it is in fact necessary 
that during the passage of the wire around pulleys of 
Successively increasing diameter, the ratio of the tensions 
in the Wire passing off and passing on to a given pulley 
should not exceed a predetermined value, which in prac 
tice is approximately 2.5 in the case of steel wire, where, 
as illustrated, the angle of wrap of the wire around each 
pulley groove is approximately 180° and the groove angle, 
i.e. the angle between the opposed sides of each pulley 
groove, is 60, which is a typical value for grooved pui 
leys. 

This figure of 2.5 is derived from the known formula 
for ratio of tensions, i.e. 

T 2 

where: 

e is the exponential function. 
p=co-efficient of friction between wire and pulley groove, 

in practice about .16 in the case of steel wire, rope, or 
strand, with a steel pulley. 

or radian angle of wrap corresponding to 80° in the ar 
rangement described. 

o. is the pulley groove angle aforementioned. 

AS already stated, the tension of the wire leaving the 
pulley groove i8 will be slightly greater than the tension 
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of the wire passing on to pulley groove 10, the difference 
in tension being absorbed in the frictional forces required 
to rotate the three pulleys 4, 19 and 20, as well as in 
frictional losses between the wire surface and the pulley 
grooves, and the power absorbed in advancing the wire 
through this said apparatus is accordingly very small. 
The tension relieving members constituted by the pull 

ley grooves 16, 17, and 8, which are of progressively de 
creasing diameter, all have a diameter, including the last 
of these pulley grooves, in the direction of wire advance 
ment which is greater than the diameter of pulley grooves 
16, ii, 12, and E3, and this increase in diameter, as in 
the case of pulley groove 15, corresponds to the perma 
nent elongation which is produced in the heated loop of 
wire 23 during its passage from pulley groove 13 to pull 
ley groove 15. 

Brush gear 24, 25, is provided for supplying current to 
the pulleys 14 and 20 respectively, this brush gear being 
connected to the electric circuit indicated diagrammatical 
ly at 26 in FIGURE 3, which electric circuit may incor 
porate a variable resistance 27 or some other known ar 
rangement for varying the current supplied. 
As shown in FIGURE 5 the brush gear 24 supplying 

the current to pulley 4 comprises a channel section brush 
carrier 23 shaped to arcuate configuration, the sides 3 of 
which embrace part of the rim 31 of the pulley 4 and 
these brush carrier sides have mounted thereon a number 
of closely spaced brushes 32 which contact with opposite 
faces of the pulley rim 3i. 

Since the temperature to which the loop of wire 23 is 
heated is relatively high, means may be provided for re 
ducing the heat loss by thermal conduction through pill 
ley 14 to its bearings 21 and associated supporting frame 
22. Such means comprise the provision between the 
rim 3A of pulley 14 and the centre of a large number of 
closely circumferentially spaced through holes 33, which 
serve to reduce the cross section of metal between the 
heated rim 31 and the centre part of the pulley. 
The brush gear 25 for supplying the current to the pull 

ley 2 is substantially conventional, consisting of a series 
of slip rings 34 and associated brushes 35 sufficient in 
number, having regard to the high current denity. 

Alternatively, if desired brush gear similar to brush 
gear 24 can be employed for Supplying the current to 
pulley 20. 
The apparatus further includes a cooling device in the 

form of a water quenching bath or tube 36 for cooling the 
end of the loop 23 of wire as it passes from pulley 4 on to 
the groove 5 of pulley 29, this cooling device, as illus 
trated, taking the form of a tube through which water is 
circulated in the known manner. This cooling device 
serves to prevent undesirable overheating of the two pull 
leys 19, 20, around which the heated wire passes in turn, 
as well as to ensure that the wire is cold or nearly cold 
before passing around pulleys 29 and 3. If the wire 
were still hot while passing around these two pulleys, it 
would tend to assume a permanent curved configuration 
corresponding to the curvature of these two pulleys. 

Preferably the cooling water circulates through the tube 
33 in a direction opposite to the direction of advancement 
of the heated wire therethrough. 
FIGURE 2 shows in diagrammatic form the mainer 

in which the wire in the form of wire strand is advanced 
through the apparatus. The strand is formed continu 
ously in a stranding machine 37, which may be of known 
form, and which, in any event, forms no part of this in 
vention, the wire as it emerges continuously from the 
stranding machine constituting the length of wire Wi. 
which passes on to the first groove is of pulley S9. 
The wire strand, after passing around the several 

grooves of the pulleys 9, 26, and after passing around 
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the pulley 4 as already described, then advances as 
length W2 over guide pulley 38 and then wraps through 
several turns around a power driven capstan or block 
39, which serves to apply the tension to the wire for ad 
vancing it around the pulleys 20 and i4, the wire finally 
advancing on to wire winding drum 40, on which it is 
coiled. Thus the wire is continually pulled under tension 
through the apparatus. 
The capstan or block 39 and drum 40 are power ro 

tated through transmission means 4 of conventional for in 
driven from electric motor 42 or other suitable power 
SOCC. 

instead of advancing the wire strand around the several 
pulley grooves by applying tension thereto by means of 
the power driven capstan or block 39, the two pulleys 9 
and 29 may be power rotated by providing a power drive, 
as indicated in dotted outline at 43 in FIGURE 2, the 
power drive being through transmission means 41 from 
motor 42 to pulley 20 and in order to distribute the torque 
loading thereby applied to the wire so as to advance it 
around the pulleys, the pulley 20 may, as shown in dotted 
outline at 44 in FiCURE 2, be geared to the pulley 19, 
namely by the three inter-meshing identical spur wheels 
44 so that the power transmitted from the motor 42 is 
supplied equally to each of the two pulleys 9, 20. 

in this alternative arrangement the length of wire W2 
would pass direct from guide pulley 38 to winding drum 
40. 
As a further alternative, the gearing 44 between the 

two pulleys i9, 20, may be provided even though rota 
tion of the pulleys is effected by the tension of the wire 
in the length W2 leaving the pulleys; as Sutch gearing to 
gether of the two pulleys 9, 20, may, under certain con 
ditions of cperation, be found advantageous in ensuring 
absence of slip between the wire and the pulleys 19, 20. 
The manner in which the method of increasing the 

resistance of wire to creep as performed by means of the 
foregoing described apparatus will be generally apparent 
from the foregoing description of the apparatus. A length 
of wire, generally indicated at W, is passed around each 
of the pulley grooves 10, i, 12, i3, in turn, in the man 
ner diagrammatically indicated in FIGURE 1, the wire 
where it passes on to the first of these pulley grooves be 
ing designated Wil, and as will be appreciated from an 
examination of FIGURES 1 and 3, the wire passes around 
substantially one half of each of these pulley grooves in 
passing from one groove to the next. 
The length of wire in the form of the long substan 

tially parallel sided loop 23 now passes from pulley 
groove 3 around pulley 14 and back to pulley groove 15, 
which is on the same pulley 20 as that of pulley groove 13 
so as to provide two equal lengths of Wire which are 
simultaneously heated by the passage of the heating cur 
rent from live pulley 14 to return or earth pulley 20, 
and the wire in this loop 23 is accordingly heated to the 
desired temperature for obtaining the desired permanent 
elongation of the wire, the wire being heated progressively 
at a Substantially uniform rate as it passes at a constant 
velocity from pulley groove 13. 

Finally, after passing around pulley groove i5, the 
wire passes around the pulley grooves 6, 17, and i8 
of progressively decreasing diameter, which serve to re 
lieve the tension as already described, the length of wire 
as it leaves the apparatus, namely from groove 18 of 
pulley 26, being designated W2. 

In each of the aforementioned drawing figures the 
direction of advancement of the wire at any particular 
position in the apparatus is indicated by the arrows. 

If desired, the wire can pass between the pulleys 19 and 
26 in figure of eight fashion, i.e. referring to FIGURE 3 
inf the drawings, the wire can advance from the lower 
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side of pulley 19 to the upper side of pulley 20 and 
from the lower side of pulley 20 to the upper side of 
pulley 3.9. Such an arrangement provides an angle of 
wrap between the wire and the pulleys greater than 180, 
and thus reduces the liability of the wire to slip in rela 
tion to the pulleys so as thereby to permit of an increased 
difference in tension in the wire as it passes Successively 
from one pulley groove to the next, but involves a greater 
axial spacing between adjacent pulley grooves to pre 
vent the lengths of wire fouling one another, than is 
necessary in the arrangement actually illustrated in FG 
URE 3 in which the angle of wrap is 180. 
The maximum temperature to which the wire is heated 

will be the temperature of the wire immediately before 
it enters the cooling tube 36 and this maximum tempera 
ture may be adjusted by varying the heating current by 
means of the variable resistance or other adjusting means 
27. 

This maximum temperature is carefully predetermined 
by suitably adjusting the current flow in accordance With 
the following factors, namely: 

(a) The composition of the material constituting the 
wire. 

(b) The nature of the wire, i.e. whether it is solid 
wire or is in the form of Wire strand or rope. 

(c) The diameter of the wire. 
(d) The rate of advancement of the wire through the 

apparatus, the effect of increasing this rate, keeping other 
factors constant, being to decrease the maximum tem 
perature and the contrary effect being obtained by de 
creasing the rate of advancement. 

(e) The required relaxation characteristic of the Wire 
under the desired tensile loading. 
As applied to wire formed of high tensile steel, to which 

the present invention is primarily applicable, i.e. Wire 
formed of medium or high carbon or alloy steel, the 
temperature will be a tempering temperature Within the 
tempering range of the steel in question, i.e. within the 
range of temperature to which such steel must be heated 
after a quenching operation for the purpose of improv 
ing the ductility characteristics of the steel. 

This temperature is, of course, below the lowest trans 
formation point in the iron/carbon diagram and in the 
case of medium or high carbon Steel having a carbon Con 
tent within the range of .35% to .9% the tempering ten 
perature would be within the range of 220 C. to 500 C. 
and preferably within the range 250 C. to 380° C. In 
the case of certain alloy steels the upper limit of the afore 
said temperature range may be as high as 600 C. 
As an example of the improvement in resistance to 

creep under tensile loading which is obtained by the 
method the subject of the present invention as applied 
to wire strand reference is made to the following test 
carried out with wire strand consisting of 7 wires formed 
from carbon steel having the following composition: 

Percent 
C ---------------------------------------- 0.73 
Si ---------------------------------------- 0.69 
S ---------------------------------------- 0.033 
P 0.028 
Min --------------------------------------- 0.610 
Fe and impurities in insignificant amount remainder. 
The arrangement and diameter of the Wires forming 

this wire strand were as follows: 
1 core Wire ----------------------. 126'. 
6 wires helically wound around the 

core wire, the diameter of these 6 
Wires being each ---------------- . 122'. 

Aggregate cross sectional area of the 7 
Wires -------------------------- 0.0826 sq.inches. 

Nominal diameter of this strand ----- 3%'. 

A length of this wire was then passed through an ap 
paratus of the specific form above described in which the 
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2 
various pulley grooves each as above described had the 
specific diameters above specified, and in no subjecting 
this wire to the method the subject of this invention the 
following measurements were taken: 
viaximum tension in Strand, lbs. ---. 8600 lbs. 
Maximum tension as percentage of 

breaking load ----------------- 40.5%. 
Heating current ----------------- 900 amperes. 
Voitage difference between live pulley 

and earth pulley --------------- 13 volts. 
Heating power ------------------ 11.7 kilowatts. 
Elinear velocity of wire through ap 

paratus ---------------------- 19 feet per minute. 
Maximum temperature of wire ---- 320 C. 

Two samples of the foregoing wire were taken, one 
sample being of the wire subjected to the method the 
subject of this invention is the Specific manner above 
described, this sample being labelled "Treated.' A Sec 
ord sample of the foregoing wire was taken, which was 
not subjected to the method the Subject of this inven 
tion, this other sample being labelled “Untreated.' These 
two samples were then subjected to a tensile test in which 
the extension in inches over a length of fifty inches was 
observed. Particulars of this test are set out in the fol 
lowing Table : 

TABLE E. 

Extension it inclhes on a 
length of 50 inches 

Load applied in pounds m 
Sample Sample 
labelle ahelled 

'Utreated 'Treated' 

1,000-------------------------------------- Zero Zero 
,500.-- O3 O2 
2,000---------------------- 024 .02 
2,500-------------------- C37 03G 
8,000-------------------- 0.49 . (49 
3,500-------------------- 063 063 
4,000------------------ . OF7 (5 
4,500------------------ w 092 (85 
5,000------------------ 05 C6 
5,530. 7 OS 
6,000 30 19 
6,500------------------ M 142 ... 3 
7,000------------------ 56 . 142 
7,500------------------ 69 . 53 
8,000------------------ w .83 . I64 
8,500---------------- .96 . 173 
9,000---------------- - 20 85 
9,500---------------- .222 97 
10,000--------------- w . 235 
10,500--------------- 250 , 29 
11,000--------------- 265 23 
l1,500--------------- 2S2 22 
12,000--------------- 299; 25. 
12,500------------- .35 265 
13,000------------- 831 .277 
3,500- 3.7 288 
14,000.-- w 364 .300 
14,500----------- 388 312 
15,000----------- w A07 322 
15,500----------- 430 .33. 
16,000----------- . 456 .336 
16,500.-- 480 .338 
7,000 w 50 .8) 
17,500--------- . 545 383 
18,000------------------------------------- .5S4 37 
18,500------------------------------------- . (29 45 
19,000------------------------------------- . 684. 436 
19,500------------------------------------- 49 45 
20,000------------------------------------- . 849 92 
20,500------------------------------------- 951 -------------- 

Untreated Treated 

Maximum load, it Clilds-------- 21,120----------- 21,100. 
Total extension on 50 inches at 1.47'=2.94%---- 2.82' = 5.64% 
fracture. 

0.1% proof streSS, pounds. 
0.2% proof stress, pounds--- 
Calculation of modulus of ea 
ity: 
Range of Stress, Dottids------- 

- 15,600.-- 
- 17,100----------- 

C 

1,000 to 1,000. 1,000 to 11,000. 
Extension. On gauge length of 0.265------------ 0.23. 
50 inches, inch 

Modulus of elasticity, pounds 22,840,009.-------- 26,230,000. 
per sq. inch. 
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The results set out in the foregoing table are also 
plotted as the two curves of the graphs depicted in FG 
URE 7, this being a load extension graph wherein the 
righthand curve is the untreated sample and the lefthand 
curve is the treated sample. 
From these curves and the foregoing Table No. II it 

will be seen that the treated sample subjected to the 
method the subject of this invention is characterised 
by a very much higher elastic limit, namely correspond 
ing to an applied load of just under 18,000 lbs. as com 
pared with the elastic limit of the untreated sample cor 
Tesponding to an applied load of a little over 10,000 lbs. 

In addition, up to a load of 19,500 lbs. the treated 
sample showed an appreciable reduction in extension on 
the gauge length of 50', as compared with the untreated 
sample. 

It is evident from the results set out in Table II aid on 
the graphs of FiGURE 7 that a significant improvement 
in the tensile properties of the wire is obtained by process 
ing the wire in accordance with the method the subject 
of this invention. 

Referring now to FIGURE 8, there is here depicted 
the relaxation property of the treated sample having the 
data above specified as compared with that of the un 
treated sample above specified. This relaxation test was 
carried out with further samples of the same wire strand 
as that which was subjected to the tensile test above 
described except that in subjecting the wire to the method 
the subject of this invention the maximum temperature 
of heating of the wire was somewhat higher, namely 
375 C. 
A sample of this so treated wire strand, together with 

a further sample of an otherwise identical untreated wire 
strand was subjected to an initial tension equal to 70% 
of the uitimate stress of the wire strand, namely to an 
initial tension in each case of 14,100 lbs. and the tension 
was progressively reduced in each case so as to maintain 
the strand at a constant length and readings were taken 
at intervals of every few minutes of the so applied ten 
sion for a period of 240 hours; the temperature conditions 
being maintained constant throughout the period of the 
test, namely at 20° C., which was considered to be rep 
resentative of ambient temperature in concrete prestress 
ing wire under conditions of service. 
The results are plotted on the graph forming FiG 

URE 8 wherein the upper curve corresponds to the 
treated sample and the lower curve corresponds to the 
untreated sample, i.e. the sample which was not subjected 
to the method the subject of the invention. 
As will be seen from this figure, the tests produced 

the results set out in Table I below, namely: 
TABLE II 

Reduction in tensile Percentage reduc 
loaditing from initial tion intetsile 

Type of sample loading of 4,100 lbs. loading, length of 
after 240 hrs., length of sample kept 
sample kept constant, constant 
lbs. 

Treated.---------------- 125 .89 
Untreated.------------- 640 4.54 

The difference between the two samples is substan 
tially, the percentage difference after 240 hours, amount 
ing to no less than 3.65% reduction in tensile loading. 
The rapid and quite substantial loss of tensile proper 

ties during the first 50 hours of the test in the case of 
the untreated sample and the very small loss of tensile 
strength of the treated sample during this same period 
will be readily observable from FIGURE 8. in addi 
tion, careful examination of the slope of the two curves 
over the period 150 to 240 hours shows clearly that for 
the same constant length of sample, the untreated Sample 
is suffering a reduction or relaxation of tensile property 
at a rate appreciably higher than is the case with the 
treated sample so that the percentage difference of 3.65% 
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4. 
measured after a period of 240 hours will progressively 
increase over a longer period of time. 

In FIGURE 6 there is depicted a modification of the 
apparatus shown in FIGURES 2 to 5 wherein the wire 
is heated inductively to the desired temperature instead 
of connecting it to opposite sides of a resistance heating 
circuit as in the arrangement above described. 

In this modified construction there are two pulleys 
19, 20, corresponding precisely to the pulleys 19, 20, of 
the construction already described and provided with 
similar pulley grooves of progressively increasing and 
thereafter progressively decreasing diameter. 

Corresponding to the live pulley 4 is a third pulley 
14, around which the wire passes from and back to pulley 
23 in like manner to the arrangement previously de 
scribed. 

These three pulleys are conveniently arranged at each 
of the apex of an equilateral triangle and are supported 
in such position by frame members 22 which are also 
arranged equilateral triangle fashion at each of two op 
posite sides of the apparatus, the frame members 22 
supporting bearings 2i for the multi-grooved pulleys 19, 
26, constructed as already described, and also supporting 
a bearing 25 for the third pulley 4, and around which 
pulley 4 a single loop 23 of the wire to be heated passes 
in iike manner to the preceding construction. 
The three pulleys g3, 20, and 14 are each mounted for 

free rotation in like manner to the preceding construc 
tion, the wire passing around grooves on pulleys 19 and 
26 of successively increasing and successively decreas 
ing diameter in the manner already described. 
With this modified arrangement depicted diagrammat 

ically in FiGURE 6 the two lengths of wire in the loop 
23 each pass through a current inducing transformer of 
known form, depicted diagrammatically at 45, the arrange 
ment being such that the two lengths of wire in the loop 
23 wich passes around pulley i4 and which is subjected 
to maximum tension is heated inductively in the known 
way to the required temperature. 

It is important in this induction heating method that 
the loop 23 should be of low resistance and this is there 
fore made quite short, with a total length of the order of 
about three or four feet at the most so as to reduce to a 
minimum the dimensions of the iron core of the trans 
former 45, and the triangular disposition of the three pull 
leys facilitates the provision of a loop of this relatively 
short length with corresponding low electrical resistance, 
while this triangular disposition of the pulleys also provides 
a space within the so formed triangle for the transformer. 

It is, of course, possible to heat the loop by the conven 
tional high frequency induction heating method in place 
of the particular arrangement depicted in FIGURE 6. 
Although the present invention is particularly applicable 

to the processing of wire for use in reinforced concrete 
construction, it should, however, be understood that the 
invention is applicable also to the processing of wire for 
other purposes, for example, to wire rope for use in the 
construction of suspension bridge cables, while the inven 
tion is applicable merely to the case where it is required to 
produce wire of particularly straight configuration as well 
as to produce wire strand or wire rope in which the helical 
form of the wire or strand is of a particularly perfect 
configuration as above described. 

Still a further advantage of the present invention is 
that is provides a convenient substitute for the existing cold 
stretching operation on wire strand or wire rope so as to 
preclude initial stretching under service conditions. At 
present this operation is carried out to an increasingly 
common extent on a very long strand or rope pre-stretch 
ing bed, which is a relatively expensive and inconvenient 
arrangement, the necessity for which is avoided by the 
processing of the strand or rope by the method the subject 
of the present invention. 
What we claim then is: 
1. A method of processing wire for the purpose de 

scribed, said method comprising advancing the wire around 



a succession of peripherally grooved rotary members with 
the wire engaging between opposite sides of said grooves, 
With each member rotating at the same angular velocity 
and which rotary members, in the direction of wire ad 
Vancement, are of progressively increasing diameter so as 
to apply a predetermined strain to the wire, heating the so 
strained wire to a temperature such as to produce a de 
sired predetermined permanent elongation in the wire, 
cooling the so elongated wire, advancing the so elongated 
wire around one or a number of peripherally grooved ro 
tating members with the wire engaging between opposite 
sides of said grooves, and which member or number of 
members all rotate at the same angular velocity as that of 
the members of progressively increasing diameter, and 
which one member or at least the smallest diameter of 
the number of members around which the permanently 
elongated wire advances is of a diameter less than the 
maximum diameter of the rotary members around which 
the wire passes, such that the tension of the wire leaving 
the last of the Succession of rotary members is the same 
as or not substantially greater than the tension of the wire 
advancing on to the first of said succession of rotary 
members. 

2. A method according to claim 1 wherein the heating 
of the wire is effected by advancing the wire in the form 
of a loop around a rotary member forming one part of 
an electric heating circuit wherein the current flows along 
each of the two lengths of wire forming the loop and 
which pass on and off the said rotary member forming 
part of said heating circuit. 

3. A method according to claim 1 wherein the wire is 
heated inductively by inducing a heating current in the 
length of wire which is subjected to the maximum tension. 

4. Apparatus for processing wire for the purpose de 
scribed, said apparatus comprising a plurality of peripher 
ally grooved rotary members the two sides of which 
grooves are adapted frictionally to engage with opposite 
sides of a length of wire advanced successively around 
each of said members, said members being adapted to 
rotate at the same angular velocity with some of said 
members being of progressively increasing diameter in the 
direction of wire advancement, so as to apply a progres 
sively increasing strain to the advancing wire, means for 
heating to a controlled predetermined temperature a length 
of the wire which is subjected to the maximum strain. So 
as to effect an elongation thereof under the tension pro 
duced in said length of wire by the applied strain, means 
for cooling the so heated and elongated wire the arrange 
ment being such that the so elongated and cooled wire 
is thereupon adapted to be advanced around the remain 
ing of said rotary members, which remaining rotary men 
bers are respectively of progressively decreasing diameter 
in the direction of wire advancement such that the tension 
of the wire leaving the apparatus is the same or not Sub 
stantially greater than the tension of the wire entering 
the apparatus. 

5. A method of processing wire for the purpose de 
Scribed, said method comprising advancing the wire 
around a succession of peripherally grooved rotary mem 
bers all rotating at the same angular velocity, with the 
wire engaging frictionally between opposite sides of each 
groove, with the diameters of the peripheral grooves of 
said rotary members increasing progressively and there 
after decreasing progressively in the direction of wire ad 
vancement, to apply a progressive increase in tension fol 
lowed by a progressive decrease in tension to the advanc 
ing wire, subjecting a predetermined length of wire pass 
ing from the last but one to the last of the succession 
of rotary members of progressively increasing diameter, 
to a heating operation and heating said predetermined 
length of wire to a temperature such as to produce a 
predetermined permanent elongation of the wire under the 
tension so applied to said length, and cooling said heated 
wire before its passage on to said grooved member of 
largest diameter. 

f. A method of processing wire strand or wire rope 
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16 
formed of medium or high carbon or alloy steel for the 
purpose of increasing the resistance of the wire to creep 
under tensile loading, said method comprising advancing 
the strand or rope around two sets of peripherally 
grooved rotary members, with the several members in 
each set connected together to rotate at the same angular 
velocity with the strand or rope in its direction of advance 
ment passing around a member of each set in turn with 
the diameters of the peripheral grooves of Said rotary 
members of the two sets increasing progressively and 
thereafter decreasing progressively in the direction of 
Strand or rope advancement to apply a progressive increase 
in tension followed by a progressive decrease in tension 
to the advancing strand or rope such that the tension in 
the strand or rope leaving the last of the succession of 
rotary members is not substantially greater than the ten 
sion of the strand or rope advancing on to the first of 
said rotary members, engaging the strand or rope fric 
tionally between opposite sides of each groove of each 
of the several members around which it passes, Subjecting 
to a heating operation a predetermined length of strand 
or rope passing from a rotary member of one set to a 
rotary member of another set, which rotary members are 
respectively the last but one and the last of the succession 
of rotary members of progressively increasing diameter, 
by said heating operation heating said predetermined 
length of strand or rope to a temperature Such as to pro 
duce a predetermined permanent elongation of the strand 
or rope under the tension so applied to Said length of 
strand or rope, and cooling said heated Strand or rope 
before its passage on to said rotary member of largest 
diameter. 

7. Apparatus for processing wire for the purpose de 
scribed, said apparatus comprising a plurality of peripher 
ally grooved rotary members, the two sides of which mem 
bers are adapted frictionally to engage with opposite sides 
of a length of wire advancing successively around each 
of said members in turn, said members being adapted all 
to rotate at the same angular velocity with the diameter 
of the peripheral grooves of said rotary members increas 
ing progressively and thereafter decreasing progressively 
in the direction of wire advancement to apply a progres 
sive increase in tension followed by a progressive decrease 
in tension to the advancing wire, means for heating a pre 
determined length of wire passing from the last but one to 
the last of the succession of rotary members of progres 
sively increasing diameter, said heating means being adapt 
ed to heat said predetermined length of wire to a tempera 
ture such as to produce a permanent elongation of Said 
length of wire under the tension applied thereto and means 
for cooling said length of heated wire before it passage 
around said peripherally grooved rotary member of largest 
diameter. 

8. Apparatus according to claim 7 wherein in the direc 
tion of wire advancement alternate rotary members of 
successively increasing diameter and alternate rotary mem 
bers of successively decreasing diameter are respectively 
arranged in one of two sets with the two sets mounted 
for rotation about one of two mutually parallel axes with 
the several rotary members of each set connected to one 
another so that said several members in each set are con 
strained to rotate together at the same angular velocity. 

9. Apparatus according to claim 7 wherein in the direc 
tion of wire advancement alternate rotary members of suc 
cessively increasing diameter and alternate rotary mem 
bers of successively decreasing diameter are respectively 
arranged in one of two sets with the two sets mounted 
for rotation about one of two mutually parallel axes with 
the several rotary members of each set connected to one 
another so that said several members in each Set are con 
strained to rotate together at the same angular velocity, 
and the diameters of said rotary members of progressive 
ly increasing diameter and the diameter of said rotary 
members of progressively decreasing diameter being Such 
that the tension of the elongated wire leaving the apparatus 

s 
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is not substantially greater than the tension of the wire 
entering the apparatus. 

10. Apparatus for processing wire for the purpose de 
scribed, said apparatus comprising a plurality of peripher 
ally grooved rotary members, the two sides of which 
grooves are adapted frictionally to engage with opposite 
sides of a length of wire advanced successively around 
each of said members, said rotary members being arranged 
in two sets with the several members in each set mounted 
on an associated rotatable element so as to rotate there 
with, said apparatus being further so arranged that the 
wire in its direction of advancement is adapted to pass 
alternately from a rotary member of one set to a rotary 
member of the other set, some of said members being of 
progressively increasing diameter in the direction of wire 
advancement so as to apply a progressively increasing 
strain to the advancing wire, means for heating to a con 
trolled predetermined temperature a length of wire pass 
ing from the last but one to the last of the succession of 
rotary members of progressively increasing diameter and 
associated one with each of the two sets of members so 
as thereby to effect a permanent elongation of the heated 
wire under the tension produced in said length of wire 
by the applied strain, means for cooling the so heated and 
elongated wire, the arrangement being such that the So 
elongated and cooled wire is thereupon adapted to be ad 
vanced around the remaining of said rotary members, 
which remaining rotary members are respectively of pro 
gressively decreasing diameter in the direction of wire 
advancement such that the tension of the wire leaving the 
apparatus is the same or not substantially greater than 
the tension of the wire entering the apparatus. 

11. Apparatus according to claim 10 wherein the two 
rotatable elements on which each of the two sets of ro 
tary members are respectively mounted are connected to 
gether by gearing so that all of the rotary members Com 
prised in the two sets are constrained to rotate at the 
same angular velocity. 

12. Apparatus according to claim 10 wherein the two 
rotatable elements on which each of the two sets of ro 
tary members are respectively mounted are connected to 
gether by gearing so that all of the rotary members com 
prised in the two sets are constrained to rotate at the same 
angular velocity, and one of said rotatable elements being 
connected to a power drive for effecting power rotation 
thereof independently of the tension in the wire leaving 
the apparatus. 

13. Apparatus for processing wire for the purpose de 
scribed, said apparatus comprising a plurality of peripher 
ally grooved rotary members, the two sides of which 
grooves are adapted frictionally to engage with opposite 
sides of a length of wire advanced successively around 
each of said members, said members being adapted to 
rotate at the same angular velocity with some of Said 
members being of progressively increasing diameter in the 
direction of wire advancement, so as to apply a progres 
sively increasing strain to the advancing wire, a further 
rotary member mounted for rotation about an axis spaced 
from the axis of rotation of each of said peripherally 
grooved rotary members of successively increasing and 
successively decreasing diameter, said further rotary mem 
ber being so positioned as to be adapted to have passed 
therearound that length of the advancing wire which is 
passing from the largest but one to the largest of the 
grooved members of progressively increasing diameter, 
means for heating to a controlled predetermined tempera 
ture a predetermined portion of said length of wire pass 
ing around said further rotary member so as to effect a 
permanent elongation thereof under the tension produced 
in said length of wire by the applied strain, means for 
cooling said heated and elongated wire before its passage 
around said grooved member of largest diameter and 
said remaining grooved rotary members around which the 
wire is adapted to pass being of progressively decreasing 
diameter in the direction of wire advancement such that 
the tension of the wire leaving the apparatus is the same 
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8 . 
or not substantially greater than the tension of the wire 
entering the apparatus. 

14. Apparatus according to claim 13 wherein said fur 
ther rotary member is connected to one part of an electric 
circuit, to the other part of which is connected the last 
but one and the last of said rotary members of successive 
ly increasing diameter, the arrangement being such that a 
heating current is passed along each of the two lengths 
of wire passing on to and off said further rotary member. 

15. Apparatus according to claim 13 wherein means 
are provided for heating inductively the two lengths of 
wire passing on to and off the said further rotary member. 

16. A method of processing wire for the purpose de 
scribed, said method comprising advancing the wire around 
a plurality of sets of peripherally grooved rotary members 
with the several members of each set connected together 
to rotate at the same angular velocity and with the wire 
engaging frictionally between opposite sides of the grooves 
of each member with the diameter of the peripheral 
grooves of said rotary members increasing progressively 
and thereafter decreasing progressively in the direction of 
wire advancement to apply a progressive increase intension 
followed by a progressive decrease in tension to the ad 
vancing wire, advancing the wire Successively around a 
member of each set in turn, subjecting to a heating opera 
tion a predetermined length of wire passing from a ro 
tary member of one set to a rotary member of another 
set, which rotary members are respectively the last but 
one and the last of the succession of rotary members of 
progressively increasing diameter, by said heating opera 
tion heating said predetermined length of wire to a tem 
perature such as to produce a predetermined permanent 
elongation of the wire under the tension so applied to said 
length of wire and cooling said heated wire before its 
passage on to said rotary member of largest diameter. 

17. A method of processing wire for the purpose de 
scribed, said method comprising advancing the wire around 
two sets of peripherally grooved rotary members, with 
the several members in each set connected together to 
rotate at the same angular velocity with the wire in its 
direction of advancement passing around a member of 
each set in turn with the diameters of the peripheral 
grooves of said rotary members of the two sets increasing 
progressively and thereafter decreasing progressively in 
the direction of wire advancement to apply a progressive 
increase in tension followed by a progressive decrease in 
tension to the advancing wire such that the tension in the 
wire leaving the last of the succession of rotary members 
is not substantially greater than the tension of the wire 
advancing on to the first of said rotary members, engag 
ing the wire frictionally between opposite sides of each 
groove of each of the several members around which it 
passes, subjecting to a heating operation a predetermined 
length of wire passing from a rotary member of one set 
to a rotary member of another set, which rotary members 
are respectively the last but one and the last of the suc 
cession of rotary members of progressively increasing 
diameter, by said heating operation heating said predeter. 
mined length of wire to a temperature such as to produce 
a predetermined permanent elongation of the wire under 
the tension so applied to said length of wire, and cooling 
said heated wire before its passage on to said rotary mem 
ber of largest diameter. 

18. Apparatus for processing wire for the purpose de 
Scribed, said apparatus comprising two sets of peripherally 
grooved rotary members, with the several members in 
each set connected together to rotate at the same angular 
velocity and so arranged as to permit of the wire in its 
direction of advancement passing around a member of 
each set in turn with the diameters of the peripheral 
grooves of said rotary members of the two sets increasing 
progressively and thereafter decreasing progressively in 
the direction of wire advancement to apply a progressive 
increase in tension followed by a progressive decrease in 
tension to the advancing wire such that the tension in the 
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wire leaving the last of the succession of rotary members 
is not substantially greater than the tension of the wire 
advancing on to the first of said rotary members, said 
peripherally grooved rotary members being adapted on op 
posite sides of each groove to engage frictionally, with 
the wire passing around the member, means for subject 
ing to a heating operation a predetermined length of wire 
passing from a rotary member of one set to a rotary 
member of another set, which rotary members are respec 
tively the last but one and the last of the succession of 
rotary members of progressively increasing diameter so 
as to heat said predetermined length of wire to a tempera 
ture such as to produce a predetermined permanent elon 
gation of the wire under the tension so applied to said 
length of wire and means for cooling said heated wire 
before its passage on to said rotary member of largest 
diameter. 

19. Apparatus for processing wire for the purpose de 
scribed, said apparatus comprising two sets of peripher 
ally grooved rotary members, with the several members 
in each set connected together to rotate at the same angular 
velocity and so arranged as to permit of the wire in its 
direction of advancement passing around a member of 
each set in turn with the diameters of the peripheral 
grooves of said rotary members of the two sets increasing 
progressively and thereafter decreasing progressively in 
the direction of wire advancement to apply a progressive 
increase in tension followed by a progressive decrease in 
tension to the advancing wire such that the tension in the 
wire leaving the last of the succession of rotary members 
is not substantially greater than the tension of the wire 
advancing on to the first of said rotary members, said pe 
ripherally grooved rotary members being adapted on op 
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posite sides of each groove to engage frictionally, with the 
wire passing around the member, a further rotary member 
mounted for rotation about an axis spaced from the axis 
of rotation of said two sets of rotary members, said fur 
ther rotary member being so positioned as to be adapted 
to have passed therearound that length of the advancing 
wire which is passing from the largest but one to the largest 
of the grooved members of progressively increasing diame 
ter, and means connecting to one side of an electric heat 
ing circuit the largest but one and the largest of said 
grooved rotary members of progressively increasing diam 
eter, means connecting said further rotary member to the 
opposite side of said circuit so as to pass a heating current 
along the lengths of wire respectively passing on to and 
off said further rotary member so as to heat the same 
to a predetermined temperature and effect a permanent 
elongation thereof under the tension produced in said 
length of wire by the applied strain, and means for cool 
ing said heated and elongated wire before its passage 
around said grooved member of largest diameter. 
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