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4      are employed to obtain the optimum melt-  pulleys 52 at the forward
end and rearward     flow of the polymeric coating. A tempera-  end
thereof, and the, take-off assist device 44     ture range from about
200[err]F. to 650[err]F. is  is constructed so that the upper belt and
considered to be representative of such  pulley assembly is movable
vertically, while  5 baking and/or curing operations, and for  the lower
belt and pulley, assembly are fixed. 70     example, a temperature of -
approximately  This arrangement allows the device 44 to be     500[err]F.
might be used for a vinyl coating    opened and closed in a way to assure
that     Initially the induction heating at the station  the tubing will be
positioned at a precise     40 will begin the actual baking, and the sub-
location.  10 sequent heating determines the precise melt-   The take-off
assist device 44 is dimen- 75     flow performance. Of course, the amount
sioned so that there is an extended area of     of heat absorbed by a
continuously moving  contact between each belt 48 and the coated     tube
is a function of both time and tempera-  tubing, and this contact should
extend for     ture, and there are many variables, e.g.,  at least 24
inches in length and preferably  15 thickness, color and chemical
composition,  for more than 36 inches in length. The 80     which influence
the baking conditions of the  employment of such an extended area of
polymeric material.                          contact between the coated
tubing and the       When a thermosetting polymeric coating  belts 48
contributes substantially to the     is being applied, in addition to the
heating  ability of the device to grip and tension the  20 which leads up
to and achieves the desired  tubing without marring the just-applied 85
melt-flow of coated powder, a final curing is  exterior polymeric coating.
To assure that     effected after, the coating material has been  the
contact is distributed evenly throughout     uniformly distributed over the
tubing. This  the length of the so-called "compression     curving step,
which is the chemical crosslink-  secton" of the belt drive, a plurality of
back-  25 ing of the thermosetting material, is the final  up idler rollers
54 are provided along the 90     stage of the baking operation,. and
reference  length of the compression  section.  The     is made to earlier
mentioned U. S. Patent  rollers 54 have a configuration that mates     No.
3,667,095 with respect to coating with  with the rear surface of the belts,
and     thermosetting resins.                        although a simple
V-belt configuration could  30   Subsequent to baking, a cooling station
be used, preferably a multiple-grooved belt 95     42, preferably utilizing
a water quench is  48 and  complementary  multiple-grooved     employed to
quickly lower the tempera      rollers 54 are employed to assure there is
no     of the polymeric exterior coating to a level  lateral shifting of
the belt. The take-off     that it will not be adversely affected b   on-
assist device 44 is designed to drive the belts  35 tact with the take-off
assist device 44 inch  48 at a speed up to about 800 feet per  100     is
located immediately thereafter.  In addi-  minute. For economically
practical opera-     tion, the water quench is employed to assure  tion,
speeds of at least about 60 to 70 feet     that the heat-history of the
coated polymer  per minute are used, and speeds of 400 feet     does not
exceed a desired amount. such that  per minute or higher can be obtained
using  40 degradation or decoloration of the polymeric  the inventions.
105     material might result. An ancillary roller    The sizing and
straightening roll station 24 



support for the continuously moving tubing  also serves to drive the welded
tubing and     could be provided at a location in the water  can be
employed to provide most of the driv-     quench station 42 where the
temperature of  ing force i.e. to effectively push the tubing  45 the
polymer will have fallen below a suit-  through to the traveling shear 46
if the 110     able level where such contact may occur  distance is not too
great and/or if inter-     without detrimont to the surface. However,
mediate support points e.g. rollers 30 can be     inasmuch as this point
would of necessity  provided along the way for the tubing. How-     be
quite close to the take-off assist device 44, ever, the rate at which the
production line is  50 such additional support might be considered
operated has an effect upon the practica- 115     to be unnecessary.
bility of pushing the  tubing through the       The take-off assist device
44 includes a  exterior coating section.     pair of endless belts 48 which
flank the con-    In the illustrated apparatus, the last point
tinuously  moving tubing, being located  of support 30 for the tubing is
located  55 respectively above and below. The belts 48  upstream of the
spray coating station, and 120     are made of a material having desired
fric-  there is no further point of support until the     tional
characteristics so as not to mar the  take-off assist device 44 is reached
(although,     polymeric coating, such as synthetic rubber,  as indicated,
a support roller could be pro-     e.g., Neoprene, having appropriate hard-
vided near the downstream end of the water  60 ness, e.g., 40 to 50
durometer (short duro-  quench bath). This extended length of tub- 125
meter). The belts 48 are appropriately  ing will, as a result of the force
of gravity,     driven from a single drive means, preferably  form a
natural catenary curve. The depth     an electric motor 50, so that both
belts will  of the catenary will depend upon the stiff-     travel at
precisely the same speed. Each  ness of the tube being produced and will be
endless belt 48 is supported on two large a function of the steel material,
the wall 130        1498201      thickness and the outer diameter.  The
ing exiting from the sizing and straightening     employment of the
take-off assist device 44,  rolls, a digital, photoelectric, pulse
generator     particularly when operated to maintain the  is preferred.
This type of generator is com-     tubing in tension between it and the
sizing  mercially available and delivers an exact  5 rolls, tends to
slightly  flatten out this  number of shaped pulses for each revolution 70
catenary.                                   of a central shaft. The shaft
carries a small       The control of the drive motor 50 in a  pickup wheel
which is in surface contact with     manner to maintain a predetermined
amount  the undersurface of the tubing.  Alterna-     of tension in the
tubing assures the precise  tively, a digital, magnetic, pulse generator
10 spatial positioning of the tubing at every  might be employed which
likewise produces 75     location along its length from the straighten-  an
exact number of output voltage pulses for     ing rolls 24 to the take-off
assist device 44,  each revolution of a central shaft. In its     and it is
this preciseness of positioning that  operation, an internal gear
interrupts the     allows consistent uniformity to be achieved  lines of
magnetic pickup and provides an 



15 in the thickness of the coating being applied.  alternating output
voltage in the form of a 80     Regardless of the coating system used, but
sinusoidal wave.     particularly   when  spray  nozzles  are    The
monitoring device 62 is electrically     employed, precise spatial
positioning of the  connected to the controller 60 and thus pro-
longitudinally moving tubing relative to the  vides an input to the
controller which pre-  20 spray heads is very important.  Without  cisely
reflects the speed of the tubing as it 85     using the take-off assist
device 44 and rely-  exits from the sizing and straightening rolls     ing
solely upon the sizing and straightening  24. The controller 60 is designed
to synchro-     rolls 24 to push the tubing throughout the  nize the drive
motor 50 of the take-off assist     coating, baking and cooling stations,
very  device 44 in conjunction with the input  25 fluctuation in the speed
of the straightening  signal which it is receiving, and various con- 90
rolls will be reflected in the travel of the tub-  trol modes can be
employed. The preferred     ing downstream through the coating stations.
method is the one referred to as speed control     Such fluctuations may
result, for example,  with current-compounding, and in this mode,     from
upstream deviations in the speed at  the controller 60 drives the take-off
assist  30 which the tube mill 12 is operating, and if  device to not only
match the precise speed 95     permitted to be reflected in the downstream
[err] by the signal being received from     speed of the tubing, will
detract from the  the  monitor but to try to increase this speed
uniformity of the exterior coating which is  by a predetermined increment.
Because,     being applied.                             [err], the
continuous tubing cannot be 35   A control system 60 for the take-off
assist  move faster at the take-off assist device 44 100     device
utilizes an electronic control which  than it is moving at the sizing and
straighten-     receives an input signal from a monitor 62  ing  rolls,
this additional increment is     that is located at the sizing and
straighten-  reflected as tension in the tubing.  The     ing roll station
near th /downstream exit  tension is generated because of the charac- 40
thereof. This monitoring device 62 provides  teristics of the endless belts
48 which, 105     the controller 60 with an extremely precise  because of
their frictional characteristics and     reading of the speed of the
tubing. This is  their extended (at least 24 inches long)     important
because there will be variations in  regions of contact with the tubing,
securely     the speed of the tubing exiting from the siz-  grip the tubing
and essentially eliminate 45 ing and straightening rolls, and it is desired
slippage between the belts and the tubing 110     to control the take-off
assist device 44  As a result, substantially all of the excess
accordingly. These deviations in the speed  power which the controller 60
feeds to the     may occur for various reasons, and one of  drive motor 50
is reflected as tension in the     the most common occurs when the roll of
continuously moving tubing, and this tension 50 steel strip periodically
runs out and needs  results in a slightly shallower catenary.  115     to
be replaced. As pointed out in U. S.    The drive motor 50 is preferably a
Patent No. 3,259,148, an  accumulation  regenerative DC motor, and the
controller     device 10, such as a looper, is employed to  60 is, in
essence, reading the monitored speed     hold a reserve quantity of the
strip so that  of the tubing at the sizing and straightening 55 the
trailing end of one roll of strip can be  rolls 24 and reporting that an
amount of 120    welded to the front edge of the new roll of  current equal
to X is needed to cause the    strip without halting the feed to the tube
motor to drive the endless belts 48 at pre-    former 12. As soon as the
welding opera-  cisely this speed. The controller 60 is set    tion is
completed, the accumulation device  to add an additional increment Y of
current 60 10 is refilled, and this refilling creates some  to achieve the
desired amount of tension, and 125    drag on the strip being fed to the
tube mill  thus the compounded current which is led to 



12 which slightly slows the speed of the con-  the DC drive motor 50 is
equal to X + Y.    tinuous tube production.                    The actual
control is such that this increased       Although various means can be
provided  amount of current is provided by increasing  65 for precisely
monitoring the speed of the tub-  the voltage across the DC motor 50.  130
Another mode of control is referred to as  In conclusion it has been found
that the                        the digital speed mode, and the controller
employment of a take-off assist device of                        60 again
receives the input signal from the  this construction in combination with
its               monitoring device 62 and this time drives the
appropriate control significantly reduces the             5  take-off
assist device belts 48 to precisdely  cost of providing ploymer-coated
length of  70                match this speed so that the tubing is pulled
steel tubing because such high production-           from the downstream
end at the same speed     line speed operation is reflected in lower as it
is pushed from the upstream end.  This    unit cost.           mode also
provides precision in the spatial    It is to be understand that there is
no           10  relationship of the tubing downstream from  particular
order in which the sizing and    75           the sizing rolls 24 through
the water quench    cleaning steps must be performed in the mak-
station; howeezi,--ieeause 'of" 'the abs~ence of -ing o'f welded tubinig by
th mhethod Of hlid                the tension, the tubing takes the fornm
of a  inventiion, although cleaning is convention-              slightly
deeper catenary throughout the heat- ally carried out before galvanizing or
other              15 ing, coating and baking stations,            surface
coating processes.                  The provision of a take-off assist
device  Although the invention has been described               44 of this
type, whhich can grip the tubing  with regard to certain preferred embodi-
Without marring its finish, coupled with the ments, it should be understood
that various               control of the drive in conjunction with the
modifications as would be would obvious to those            20 monitored
speed of the tubing as it leaves having the ordinary skill in this art may
be    85               the sizing and straightening rolls 24 allows made
without deviating from the  scope of the               the overall tubing
production line to be run          invention, which is defined by the
claims               at high speeds e.g., up to 400 feet pet  appended
hereto.               minute, and it also allows the intstallation
25  to be constructed in a way that there is no     WHAT WE CLAIM IS-
physical contact with the tubing over a span   1. A method for producing
coated tubing 9o               of 70 to 80 feet or more. To the ability to
from steel strip which method comprises the               be able to
precisely determine the spatial  steps of continuously supplying steel
strip,               location of the tubing at any location along
roll-formiing said steel strip into tubular con-            30 its length
is not only of significant value as  figuration, welding said roll-formed
strip.               discussed hereinbefore, with respect to [err]   into
continuous tubing; sizing said welded 95               application of the
coating composition from   tubing, cleaning the exterior surface of said 



spray heads or the like, but also with respect  welded tubing, heating said
tubing, apply.               to the heating of the tubing. This is  [err]
ing a polymeric coating to the exterior of            35 larly true when
induction heaters in the  form  said heated tubing, heating said polymner-
of electrical coils are used, because they will coated tubing to a making
temperature, 100               be arranged so that the axis of the  longi-
cooling said baked coated tubing, the tubing               tudinal coil
closely surrounds and is coaxial  being physically unsupported by any sup-
with the continuously  moving tubing, and  port means situated in the
region in which             40 accordingly positioning becomes very impor-
the coating and baking occur, gripping said               tant. Therefore,
the achievement of a pre- tubing over a longitudinal distance of at 105
cise catentry curve by means of the pro  least two feet and pulling said
tubing in a               vision and indicated control of a belt-type
manner so as to maintain said tubing in pre-               take-off assist
device allows very high pro-  cise spatial location thoughout said heat-
45 duction  speeds to  be achieved  without  ing coating and baking.
sacrificing uniformity of  coating.              2. A method  as claimed
in claim   1    110                  The belt-type take-off assist device
44 is  wherein said  pulling is carried out in a               able to
achieve the desired objective in, manner to produce tension in the tubing.
handling coated tubing and even applying  3. A method as claimed in claim 2
50  tension theretO without marring the exterior         wherein the
tension is produced by monitor-               surface of the polymetic
coating, which  ing the precise speed of said welded tubing    115
inherently contains some residual heat and  at a location adjacent the
sizing area and               has not  achieved its full hardness. Whereas
pulling with more power than is required               previous systems of
this type, for example  to match the measured speed.             that
disclosed in U. S. Patent No. 3,616,983,      4. A method as claimed with
any one of               used pairs of upper and lower rollers of con-
claims 1 to 3 wherein said polymer is applied  120               cave
peripheral shape to engage the peri- electrostatically as a powder to form
a               pheral surface of the coated tube to thereby  uniform
coating.           grip the tubing inherently such rollers can   5. A
method as claiming in claim              cause a blemishing effect upon the
outer        wherein said powder is uniformly applied              surface
of the coated tubing because the   in a manner so that the resultant coated
tub-              outer portions of the concave rollers move   ing has a
polymeric coating not less than              at a faster speed than the
innermost portions,   4 mils thick and not greated than 6 mils
wheras all points on the coated tubing are       thick.           moving
linearly at exactly the same speed.    6. A method as claimed in any one of
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6        Another mode of control is referred to as  In conclusion, it has
been found that the     the digital speed mode, and the controller
employement of a take-off assist device of     60 again receives the input
signal from the  this construction in combination with its     monitoring
device 62 and this time drives the  appropriate control significantly
reduces the 



5 take-off assist device belts 48 to precisely  cost of providing
polymer-coated lengths of 70     match this speed so that the tubing is
pulled  steel tubing because such high production-     from the downstream
end at the same speed  line speed operation is reflected in lower     as it
is pushed from the upstream end. This  unit cost.     mode also provides
precision in the spatial   It is to be understood that there is no  10
relationship of the tubing downstream from   particular order in which the
sizing and    75     the sizing rolls 24 through the water quench  cleaning
steps must be performed in the mak-     station; however, because of the
absence of  ing of welded tubing by the method of the     the tension, the
tubing takes the form of a  invention, although cleaning is convention-
slightly deeper catenary throughout the heat-  ally carried out before
galvanizing or other  15 ing, coating and baking stations,        surface
coating processes.             80       The provision of a take-off assist
device    Although the invention has been described     44 of this type,
which can grip the tubing  with regard to certain preferred embodi-
without marring its finish, coupled with the  ments, it should be
understood that various     control of the drive in conjunction with the
modifications as would be obvious to those  20 monitored speed of the
tubing as it leaves  having the ordinary skill in this art may be 85
the sizing and straightening rolls 24 allows  made without deviating from
the scope of the     the overall tubing production line to be run
invention, which is defined by the claims     at high speeds e.g., up to
400 feet per  appended hereto     minute, and it also allows the
installation  25 to be constructed in a way that there is no    WHAT WE
CLAIM IS:-     physical contact with the tubing over a span   1. A method
for producing coated tubing  90     of 70 to 80 feet or more. The ability
to  from steel strip, which method comprises the     be able to precisely
determine the spatial  steps of continuously supplying steel strip,
location of the tubing at any location along  roll-forming said steel strip
into tubular con. 30 its length is not only of significant value as
figuration, welding said roll-formed strip     discussed hereinbefore. with
respect to  [err]nto continuous tubing, sizing said welded 95
application of the coating composition fr[err]tubing, cleaning the exterior
surface of said     spray heads or the like, but also with [err]   welded
tubing, heating said tubing, apply-     to the heating of the tubing. This
is [err]      ing a polymeric coating to the exterior of 35 larly true when
induction heaters in the [err]orm  said heated tubing, heating said
polymer-     of electrical coils are used, because they will  coated tubing
to a making temperature, 100     be arranged so that the axis of the longi-
cooling said baked coated tubing, the tubing     tudinal coil closely
surrounds and is coaxial  being physically unsupported by any sup-     with
the continuously moving tubing, and  port means situated in the region in
which 40 accordingly positioning becomes very impor-  the coating and
baking occur, gripping said    tant. Therefore, the achievement of a pre-
tubing over a longitudinal distance of at 105    cise catenary curve by
means of the pro-  least two feet and pulling said tubing in a    vision
and indicated control of a belt-type  manner so as to maintain said tubing
in pre-    take-off assist device allows very high pro-  cise spatial
location throughout said heat- 45 duction speeds to be achieved without
ing, coating and baking.     sacrificing uniformity of coating.         2.
A  method as claimed in claim  1 110       The belt-type take-off assist
device 44 is  wherein said pulling is carried out in a     able to achieve
the desired objective in manner to produce tension in the tubing.
handling coated tubing and even applying    3. A  method as claimed in
claim  2 SO tension thereto without marring the exterior  wherein the
tension is produced by monitor-    surface of the polymeric coating, which
ing the precise speed of said welded tubing 115 



inherently contains some residual heat and  at a location adjacent the
sizing area and    has not achieved its full hardness. Whereas  pulling
with more power than is requited    previous systems of this type, for
example  to match the measured speed. 55 that disclosed in U. S. Patent No.
3,616,983,   4. A method as claimed with any one of    used pairs of upper
and lower rollers of con-  claims 1 to 3 wherein said polymer is applied
120    cave peripheral shape to engage the peri-  electrostatically as a
powder to form  a    pheral surface of the coated tube to thereby  uniform
coating.    grip the tubing, inherently such rollers can   5. A  method as
claimed in claim  4 60 cause a blemishing effect upon the outer  wherein
said powder is uniformly applied    surface of the coated tubing because
the  in a manner so that the resultant coated tub- 125    outer portions of
the concave rollers move  ing has a polymeric coating not less than    at a
faster speed than the innermost portions,  4 mils thick and not greater
than 6 mils    whereas all points on the coated tubing are  thick. 65
moving linearly at exactly the same speed.    6. A method as claimed in any
one of                                             1 498 201
7    claims 1 to 3 wherein said polymer is  cise speed of said welded
tubing and creat-    applied by spraying a solvent-based liquid  ing a
signal related thereto and wherein said    composition to form a uniform
coating.   control means is adapted to receive said      7. A method as
claimed in any one of  signal from the speed-monitoring means and  5 claims
1 to 6 wherein galvanizing is carried  provide more power to the pulling
means    out between said heating and said applica-  than is required to
match the measured    tion of the polymeric coating.         speed.      8.
A method as claimed in any preceding    13. Apparatus as claimed in any one
of 70    claims wherein the speed at which the tub-  claims 10 to 12
wherein said flanking endless    ing moves is from  600 to 400 feet per
belts are made of a material having a suffi-    minute.
ciently high coefficient of friction that slip-      9. A method as claimed
in any one of the  page between said belts and said coated    preceding
claims wherein the tubing is  tubing is essentially eliminated.          75
physically  unsupported  by  any  support    14. Apparatus as claimed in
any one of 15 means situated in the region in which the  claims 10 to 13
wherein said coating station    heating, coating and baking occurs.
applies said polymer electrostatically as a       10. Apparatus for
producing lengths of  powder to form a uniform coating.    coated tubing
from steel strip, which com-   15. Apparatus as claimed in claim  14 80
prises, in combination, means for con-  wherein said powder is uniformly
applied 20 tinuously supplying steel strip, means for  in a manner so that
said cut lengths have 



roll-forming said steel strip into tubular con- a polymeric coating not
less than 4 mils    figuration, means for welding said roll-  thick and not
greater than 6 mils thick.    formed strip into continuous tubing, sizing
16. Apparatus as claimed in any one-of 85    roll means for treating said
welded tubing  claims 10 to 13 wherein said coating station 25 means for
cleaning the exterior surface of  applies said polymer as a solvent-based
said welded tubing, first heating means at a  liquid coating to form a
uniform coating.    heating station, a coating station for apply-    17.
Apparatus as claimed in any one of    ing a polymeric coating to the
exterior of  claims 10 to 16 wherein a cleaning means 90    the heated
tubing, second heating means at  is povided downstream  of the welding 30 a
baking station for heating said polymer-  sta on and galvanizing means is
located be-    coated tubing to a desired baking tempera-  to in said
cleaning means and said first    ture, a cooling station for lowering the
tem-  -heaving means, for applying a zinc coating    perature of said baked
coated-tubing, there  to slid welded steel tubing.         95    being a
path through said stations such that    18.Apparatus as claimed in any one
of 35 tubing in said path is physically unsupported  claims 10 to 17
wherein additional coating    by any support situated between a location
means is provided to apply a liquid solvent.    upstream of said coating
station and a loca-  based primer to said tubing at a location    tion
downstream of its enters into said cool-  upstream of said first heating
means.  100    ing station when the apparatus is in use.    19. Apparatus
as claimed in any one of 40 pulling means downstream of said cooling
claims 10 to 17 wherein the said path    station including a pair of
elongate endless  through the stations is such that tubing in    belts
disposed, when the apparatus is in use  the path is unsupported by any
support situ-    in flanking relationship to said tubing for  ated between
a location upstream of the 105    gripping said tubing over at least two
feet  heating station and downstream of its entry 45 of its length,
travelling shear means down-  into the cooling station.    stream of said
pulling means for cutting said    20. A method of producing coated steel
coated tubing into desired lengths, and con-  tubing from  steel strip
substantially as    trol means for controlling said pulling means
hereinbefore described with reference to and 110    so as to maintain said
tubing in precise  as illustrated in the accompanying draw- 50 spatial
location throughout said heating,  ings.    coating and baking stations.
21. An installation for producing coated      11. Apparatus as claimed in
claim  10  tubing from  steel strip substantially as    wherein said
pulling means is powered by  hereinbefore described with reference to and
115    an electric motor and the control means sup-  as illustrated in the
accompanying draw. 55 plies electric power to the electric motor so  ings.
as to produce tension in the welded tubing    ALLIED TUBE AND CONDUIT
between said sizing roll means and said pull-        CORPORATION    ing
means.                                     Per: BOULT, WADE & TENNANT,
12. Apparatus as claimed in claim 10 or              34 Cursitor Street, 60
claim 11 wherein means is provided adjacent         Lond on EC4A IPQ.
the sizing roll means for monitoring the pre-     Chartered Patent Agents.
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