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Claim

1. A method of forming a thread on at least one end
region of a deformed steel reinforcing rod, wherein the
threaded region has strength characteristics which are
greater than or at least equal to the strength
characteristics of the un-threaded region, the method
comprising:

cold upsetting an end region of the rod having a
nominal diameter so as to increase the diameter of the end
region to a new, upset, diameter greater than the nominal
diameter; and

rolling a thread onto the end region so as to produce
a threaded region having a thread major diameter which is
greater than the nominal diameter and a thread minor
diameter which is less than the nominal diameter.
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(57) Abstract

‘The invention relates to thread formation and particularly to the formation of threads on deformed steel reinforcing rods, The method
of forming a thread on the steel reinforcing rod comprises the steps of cold upsetting an end region (1) of a deformed steel reinforcing rod
having a nominal diameter, the upsetting being arranged to increase the diameter of the end region to a new, upset, dlameter greater than
the nominal diameter, rolling a thread onto the end region (1) so as to produce a threaded region having a thread major diameter which is
greater than the nominal diameter and a thread minor diameter which is less than the nominal diameter. The formation of such a thread
enables the production of mechanical connections between pairs of rods, the connections having a strength greater than that of the rods
being connected to oné another,
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THREAD FORMATION

The 3invention relates =o <thread formation.
Particularly the invention relates to the formation of
threads on deformed steel reinforcing rods for reinforced
concrete structures.,

According to an aspect of the invention, the
invention provides a method of forming a thread on at
least one end region of a deformed steel reinforcing rod,
the method comprising:

cold upsetting an end region of the rod having a
nominal diameter, so as to increase the diameter of the
end region to a new, upset, diameter greater than the
nominal diameter; and

rolling a thread onto the end region, so as to
produce a threaded region having a thread major diameter,
which is greater than the nominal diameter and a thread
minor diameter which is less than the nominal diameter.

The formation of such a thread enables the production
of mechanical connections between pairs of rods, the
connections having a strength greater than that of the
rods being connected to one another.

Preferably, upsetting the end region produces an
upset end region having a length which is typically 110%
of the thread diameter (taken frcm peak to peak).

Preferably, the method further comprises a step of
skimming the end region of the rod.
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Preferably, said step c¢f skimming the end region of

the rod is carried out intermediate said cold upsetting
and thread reolling steps.

Preferably, the thread minor diameter is no greater
than 90% of the nominal diameter of the rod.

Preferably, rolling the thread onto the end region
produces a thread having an effective diameter larger than
the nominal diameter.

Preferably, the upset diameter of the end region of
the rod is no greater than 110% of the nominal diameter D.

Preferably, the thread is of a formation having
enlarged major and minor root radii.

Preferably, the thread is of a relatively coarse
pitch, to enable a greater speed of assembly when forming
a connection to the end of the rod.

The thread is preferably a parallel thread.

The upsetting operation as specified above produces
full formed rolled threads. The effective diameter of
such threads is typically around 5% greater than the
nominal diameter of the bar.

Such '"minimal" upsetting reduces the volume of upset
material by up to 70% compared with prior systems, yet rod
strength is not compromised by the reduced upsetting.

A further benefit of cold minimal upsetting is that
this gives an important advantage of enabling
transportable equipment to be used. In addition, minimal
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upsetting may pe carried out during a wnuch shorter tine
period than is regquaired ky crior art systems. 7Typically,
the time saving over previcus cold upsetting systems is in

the order of 60%.

Other prior systems using hot forging methods to
produce threaded rods have substantially higher energy
requirements than that of the present invention due to
their need to preheat the end regions of the rod.

Whenever any type of upsetting is utilized to
increase the diameter of a region of a rod, rod length is
always reduced. By minimizing the amount of upset, a
further beneficial effect is that rod length s only
reduced by a very small amount.

A yet further advantage of the combination of
providing a minimal upset and thread rolling is that a
smaller diameter and shorter connecting sleeve (coupler)
than was previously possible may be utilized to connect
two threaded ends together, and this has the beneficial
effect of ensuring that rods joined in this manner have
the least stiffening effect caused by a full strength
mechanical joint.

Furthermore, if a coupler of smal.er diameter is used
then less concrete is required to cover the rods.

The invention includes threaded rods produced in
accordance Wwith the abovementioned method.

An embodiment of the present invention will now be
described, by way of example, with reference to the
accompanying diagrammatic drawings, in which:

___:_______________........-.-----------l!lllllllillll
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Figures 1A =z 1C scnemat:cally show a method of
thread feormaticn .n accorzance wWita the present invention;

Figure Z i1s an enlargea crocss-sectional view showing
a region "¥" of the rod snown in Tigure 1D; and

Figures 3(I; =tc 3(VIZ illustrate a method for
connecting together a pair cf deformed steel reinforcing
rods, by means of a coupler.

Referring initially to Figures 1A to 1D, a method of
thread formation will now be described. Figure 1A shows
an end region 1 of a reinforcing rod for use in the
rernforcenent of concrete structures. The rod 1 has a
nunber of ridges Z (wnich are ccnventional) to provide a
mechanical Xey between steel and concrete within a
completed concreteée structure.

The first step in the method ¢f the present invention
involves gripping the rod 1, by holding a region ¥ firmly
within a die and exerting compressive pressure on an end
face 3 of cthe rcd. Applying this compressive force
results in the end part of the rod being upset slightly
with respect to the rest of the rod. The amount of
upsetting is carerfully controlled so as to provide an
initial upset of no nore than 12% increase in diameter
over the nominal diameter of the rod 1 for a length 2 of
approximately 110% of a thread diameter D2 (shown in
Figure 2 - to be discussed later!.

Limiting the ameunt of upset to this maximum figure
has the beneiicial effects ¢f mininising reductions in the
length of the rod 1 caused by sucnh compression.
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A rcd whicn nas undergone <this 'minimal upsetting
procedqure 15 shewn in Tigure 2. The next step in the
operaticn shown 1S T sSKkiX and cnamfer the end cf the rod
so as to remove the r:idges I ZIrom the ninimally upset
region so as to prrcvide a cleaned up end 4. This skimming
process nmay ke acnieved simply by performing a turning

operation on the end of the rod.

The f£inal step cf the method is to roll a thread onto

the skimmed regicn 4 so as to arrive at the situation
shown in Figure iPD.

The region v shown in Figure 1D extends over a length
which is substantially equal to the diameter of the thread
D2, and a lead-in region % is provided as shown which
comprises a partially threaded area formed at the inner
extent of the threaded region of the bar. The combination
of the parz:ially threaded regior ' and the fully threaded
region W keing equal to the length 2 shown in Figure 1B.

The method nmay be performed at a construction site,
and need not be performed in a factory or workshop. This
is a significant advantage over prior systems, which carry
out hot upsetting, 2s hot upset:ting must be carried out at
a factory, and this severely lizits its application and
rules out any on-=site usaage.

It has alsc been :Zocund that the system of the
present inventicn requlres less equipment than was

a1

required for pricr cold upsetting systems.

Another advantage over pricr systems, both hot and
cold, is that these prior systens tend to push a large
amount of mnaterial further down the rod itself. The
equipment utilized for the present invention ensures that

e e e e L SRR
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material ZIlcw i1s limiteq, anad chereby prevents the

formation ¢f a long taper:ing neck of naterial. In prior

¥y

systens, this neck s =2ffectively wasted material leading
Lo an unnecessary reduction in the length of the rod as a

whole.

Referring now =to fFigure 2, an area "X" of the
threaded end of the red 1 is shown.

In the Figure, various reference letters D, D1, D2

these refer to, respectively, the
nominal diameter of the rod, <the preturned (skimmed)
diameter corresponding to the diameter of the skimmed
in Figure 1T, the thread major diameter and the

and D3 are used and

region 4
thread ninor diamecter,

t should ke noted that rolling the thread onto the
preturned end 4 oI the rod causes nmaterial which was
previously below the dotted line shown in Figure 2, to be
displaced to a position above the dotted line. In this
manner, the threaded region is in fact subjected to a
second cold working operation =~ the first being achieved

when compressing the end of the recd as shown in Figure 1B.

The combination of the benerfits of thread rolling
together with the ennanced nmechanical properties achieved
by the minimal upsetting provides the threaded region with
strength characteristics which are egqual to or greater
than the characteristics oI the unthreaded regions of the
rod.

With regard tc the var:ous relative dimensions of D,
D1, D2 and D3, the preturned diameter D1 is typically no
more than 5% larger than the nonminal diameter of the rod

AM
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and £33, =he ~incr Ziameter ¢f the thread, undercuts D

by around 1I%.

As a ccnsequence of tn2 nethed, a nmuch smaller thread
size is reaguired than that wnich was previously required,
with prior systens. This, in itself, presents major
advantages in tnat with a reduced cthread size, it is
possible <o manufacture smaller couplers for 1linking
threaded ends c¢IZ recds together. 8y having a smaller
diameter coupler, it is possible to reduce the amount of
concrete which :s used in a structure. This is because
building codes of practice reguire a minimum thickness of
concrete be petween any point of the reinforcing rods, and
the surface. 8y reducing the hread size, the overall
diameter includ:ing cthe coupler, :s thereby reduced and
therefore iless concrete is regquired to cover structure as
a whole.

It has also zeen found that 2 coarser pitch of thread
("P" of Figure 2) nmay be achieved meaning less turns per
threaded nmetre, and this leads to an increased speed of
assenbly as <ZIewer <curns <cf a coupler are reguired.
Typically, the assembly times can be reduced by 20%.

Although the :nvention is not linited to a particular
type of thread, .t has been found to be advantageous to
provide threads which have increased minor and major root
radii. Doing this nas been Ifound to provide benefits in
the form ¢f reducinc the stress concentration factor
within the thread :tsell sc as te grovide further benefits
in terms cf .Lmproved fatiqua life,

Figures 3(I° to Z(VII) show a manner in which a pair
of reinforcing rcds may be connected together.

e
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Referring = the Figures !I} to 3Y(VII), it will be

noted that a Ifirs: re:inrfcrcing rsd £ has a threaded end
region 10 simirlar zc tnat o the reiniorcing rod shown in
Figure 1. The other reinforcing rod 6 is shown having an

extended thread T which runs furtner down the reinforcing
rod 6 and extends onto non-upset regions of the rod, but

in those regions, the thread :is not fully formed but

[}

serves to allow coupler 3 and lock nut 9 to be fully

screwed onto the rod 6.

Although the threaded region of the rod 6 appears
different to that of Figures X and 2, it should be
appreciated that the <tnread is, in fact, formed in
accordance with tne method descrized in relation to those
Figures. The thread cf the zar £ being fully formed only
in those regions inich have been subjected to the minimal
upsetting operation.

The method ¢Z connecting rcdé 5 to rod 6 will now be
described.

In Figure :{II) the lock nut ¢ and coupler 8 are
screwed onto rod 3 until an end region of the coupler 8 is
approximately flusn with the end ¢ rod 6. Thereafter, in
Figure 3(IIZI;, the rod & is moved towards rod 5 until
their ends aput. Coupler 5 is then rotated in Figure
3(IV) onto red

(3]

antil it reaches the thread run out on
that bar and, at this point, the abutment region between
=he two rods is approXimately mid-way along the coupler 8.
In Figqure 2(\), 2 wrench .t sheuwn being used to ensure
=hat the coupler 2 1s at the end o7 the thread run out of
rod &. In figure (VI;, the lock nut 9 is moved towards
coupler 8, b\ rotation, and in Figure 3(VII), the wrench
is used to tighten the lock nut ¢ so as to prevent further

"y

movement of the coupler 8.
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The metned oI assempling ra:inforcement rods 5 and 6
utilizing the system snowWn .S garcicular advantageous as
only rotaticn cf the coupler and Zock nut is required, and

no rotaticn cf either ©f tne rcds 1s necessary.

Of course, many diffsrent variations of the coupling
technigue shown nay be 2anvisaged, and it may not be
necessary to utilize a lock nut.

The reader’s attention is directed to all papers and
documents which are filed concurrently with or previous to
this specification in connection with this application and
which are open tc public :inspection with this
specificaticn, and the contents c©f all such papers and
documents are incerporated nerein sy reference.

All of the features disclosed in this specification
(including =any éccompanying claims, abstract and
drawings), andscr all of the steps of any methoed or
process so disclosed, may be combined in any combination,
except combinations where at least some of such features
and/or steps are autually esclus:ve.

Each <Ieature discicsed :n this specification
(including any accompanying claims, abstract and
drawings), may ke replaced ky alternative features serving
the same, eguivalant or similar purpose, unless expressly

stated otherwise. Thus, unless expressly stated

otherwise, each Ieature disclosed is one example only of
a generic series of eguivalent cr sinmllar features.

The inventisn 1s not rastrictad to the details of the
foregoing empodinent(s). The :invention extends to any
novel one, or any novel combination, of the features
disclosed in this specification (i-zluding any
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accompanying clairs, agstract and drawings), or to any
novel one, 2r any nove: ccmeinaticn, ©f the steps of any

method or prccess o discleseaa,
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CLAIMS

1. A nmethod of forming a thread on at least ene eand
region of a deformeé steel reinforeing rod, wherein the
threaded regien has strength characteristies which are
graatar than er at lsast egual to the atrength
characteristies ef the un-threaded region, the methed
conmprising:

cold upsetting an end regien of the red having a
neninal diametor se as to increase the diamater of the end
ragion to a naw, upeet, dlameter groeator than the neninal
diameter; and

rolling a thread onte the end region so as to preduca
a throaded regioen having a thread major diamaeter whieh is
graater than the neminal diameter and a thread miner
diamatar whieh is less than the neminal diameter.

2. A nathed according te elaim 1, wherein the step of
upsetting inecludes using a die te reeeive the and regien
of tha rod so as to form a uniform diameter in the upset
ond rogion.

3. A methed acecording te elaim 1, wherein upsetting the
ond raglon producas an upset end regien having a length
which is typieally 110% of the thread diameter (takon fren
poak toe peak).

4. A mothed aceording te elaim 1 er 3, wheresin the
rnothed further comprises a step ef skimming the end regien
of tha red.

R LR

iﬂlﬁ”;—

AMENDED Syzgr
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: S. A maethod according to claim 4, wherein said step of
4 ckimming the end rogion of the rod is carried out
intormediate said cold upsetting and thread rolling steps.

g 6. A nmotheod according to claim 1, wherein the thread
minor diameter 1s not greater than 90% of the nominal
diameter of tha rod.

7. A mothod according to claim 1, wherein rolling the
10 thraad onto the end region produces a thread having an
affactive diametor larger than the nominal diameter.

8. A nethed according to claim 1, wherein the upset
dianetor of the end region of the rod is not greater than
15 110% of the nominal diamcter D.

9. A mathod according to claim 1, wherain thae thread is
of a formation having enlarged major and minor root radii.

20 10. A mathod according to claim 1, wherein the thread is
of a ralatively coarsae pitch, to cnable a greater speed of
assembly when forming a eonnaction te the end of the rod.

11. A method according to any of claims 1 to 2 and 4 to
25 10, wheraein the thread is a parallel thread.

12. A naethod of forming a joint batweoen end ragions cf
two deformed astaeal rainforeing rods, cach of which rods
has a given nominal diametar, wherain tha joint has

30 atrength charactaoristieas which are greater than or at
least aequal to tha satrength characteristiecs of the
rainforeing reds in areas remota from said jeint, the
mathed comprising:

AMENOED Srzer
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forming a thread on an end region of =2ach of said
rods by cold upsetting said end regions so as to increase
the diameter of the and regions to a new, upset, diameter
greater than the nominal diameter; and rolling a thread
onto the end regions, so as to produce threaded regions
having a thread major diameter, which is greater than the
nominal diameter aid a thread minor diameter wiich is less
than the nominal diameter; and

coupling said end regions together.

13. A joint device formed between end regions of two
reiniorcing steel rods having a given nominal diameter,
said joint device having strength characteristics greater
than or at least equal to the strength characteristics of

the reinforcing rods, said joint device comprising:

an enlarged end portion formed at each of said end
regions by cold-upsetting the end of each of said
reinforcing steel rods, said enlarged end portion having
a substantially uniform diameter greater than said nominal
diameter said enlarged end portion further having a thread
which is formed by thread-rolling and which has a thread
mejor diameter greater than said nominal diameter and a
thread minor diameter smaller than said nominal diameter;
and

a threaded caupler sleeved around said thread orf said
enlarged end portion of said rods.

14. A Joint davice according to claim 13, further
comprising a nut to be sleeved around said enlarged end
portion of one of said rods for locking against movement
of said threaded coupler.

AMENCED

Qi
NS
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15. A joint device according to claim 13, wherein said
enlarged end portion has a length which is typically 110%
of the thread diameter (taken from peak to pecak).

16. A joint device according to claim 13, wherein said
thread minor diameter is not greater than 920% of said
nominal diameter of the rod.

17. A joint device azcording to claim 13, wherein said
thread has an effective diameter larger than said nominal
diameter.

18. A joint device according to claim 13, wherein the
diameter of said enlarged end portion is not greater than
110% of said nominal diameter.

19. A joint device according to claim 13, wherein said
thread is of a formation having enlarged major and minor
root radii.

20. A joint device according to claim 13, wherein said
thread is of a relative coarse pitch to enable a greater
speed of assembly of the joint.

21. A joint device according to any of claims 13 to 20,
wherein said thread is a parallel thread.

AMENDED Sr:

-t
. o
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22. A method of joining first and second stecl rcinforcing rods having
substantially identical nominal diameters using a coupler, wherein neither of said
first and second rods need be rotated to join said rods, comprising the steps of:

cold upsetting an end region of each of said rods so as to increase the
diameter of said end regions to a new, upset, diameter which is greater than said
nominal diameter but is less than or equal to 110% of said nominal diameter;

skimming said end regions of each of said rods to remove any ridges from
said end and to create a uniform diameter in said end regions;

rolling a thread onto said end regions so as to produce a threaded region on
each rod wherein said threaded regions have identical major diameters which are
greater than said nominal diameter and minor diameters which are less than said
nominal diameter, wherein said threaded region on said second rod extends beyond
said end region of said second rod and wherein a coupler can be rotated completely
onto said sccond rod such that said end regions of said first and second rods can be
abutted without interference from said coupler;

rotating a threaded coupler completely onto said threaded region of said
second rod wherein said end regions of said first and second rods can be abutted
without interference from said coupler;

abutting said threaded regions of said rods;

rotating said coupler such that it rotates onto first rod and until said coupler

reaches a run out of said first rod.

23. A method of joining first and second steel reinforcing rods having
substantially identical nominal diameters using a coupler as claimed in claim 22,
further comprising the steps of:

rotating a lock nut onto said threaded region of said second rod before said
threaded coupler is rotated onto said threaded region of said second rod;

rotating said lock nut tightly against said coupler after said coupler is rotated

onto said first rod.

d )ﬂlll!n’l 12 May 1998

1»




e e AR R e 17

10

15

25

- 16 -
24, A method of forming a thread on at least one end region of a deformed steel
reinforcing rod, wherein the threaded region has strength characteristics which are
greater than or at least equal to the strength characteristics of the un-threaded region,
the method comprising:

cold upsetting an end region of the rod having 2 nominal diameter to increase
the diameter of the end region to a new, upset, diameter greater than the nominal
diameter, wherein the cold upsetting uses a die to receive the end region : nd form
a uniform diameter thercon and wherein the new diameter is less than or equal to
110% of the nominal diameter;

skimming said end regions of said rod to remove any ridges from said end
region; and

rolling a thrcad onto the end region so as to produce a threaded region having
a thread major diameter which is greater than the nominal diameter and a thread

minor diameter which is less than the nominal diameter.

25. A joint formed between end regions of two reinforcing steel rods having a
given nominal diameter which are substantially abutted, said joint having strength
characteristics greater than or at least equal to the strength characteristics of the
reinforcing rods, said joint comprising:

an enlarged end portion formed at cach of said end regions by cold-upsetting

“the end of cach of said reinforcing steel rods, said enlarged end portion having a

substantially uniform diameter greater than said nominal diameter but not greater
than 110% of said nominal diameter, said enlarged end portion further having a
thread which is formed by thread-rolling and which has a thread major diameter
greater than said nominal diameter and a thread minor diameter smaller than said
nominal diameter; and

a threaded coupler sleeved around said thread of said enlarged end portion of

said rods.

12 May 1998

SR
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26. A method of joining first and second steel reinforcing reds as claimed in any

one of claims 1 to 12 or 22 to 24, substantially as hereinbefore described.

27. A joint device substantially as hereinbefore described with reference to the

accompanying drawings.

DATED: 12 May 1998
CARTER SMITH & BEADLE

Patent Attorneys for the Applicant:
CCL SYSTEMS LTD

1
tnb dnnv 21312151 12 May 1998
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ABSTRACT

THREAD FORMATION

The invention relates to thread formation and
particularly to the formation of threads on deformed steel
reinforcing rods. The method of forming a thread on the
steel reinforcing rod comprises the steps of cold
upsetting an end region (1) of a deformed steel
reinforcing rod having a nominal diameter, the upsetting
being arranged to increase the diameter of the end region
to a new, upset, diameter greater than the nominal
diameter, rolling a thread onto the end region (1) so as
to produce a threaded region having a thread major
diameter which is greater than the nominal diameter and a
thread minor diameter which is less than the nominal
diameter. The formation of such a thread enables the
production of mechanical connections between pairs of
rods, the connections having a strength greater than that
of the rods being connected to one another.

(Figure 1)
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