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UNITED STATES PATENT OFFICE

- 2,609, 312

*METHOD AND APPARATUS FOR MAKING .
"FLEXIBLE TUBULAR COVERINGS

- Edward_-A, Farrell, North Plainfield, N. J., as-
signor to. Johns<Manville _Corporation, ' New
"York, N."Y.,. a corperation of New York

zApplication June 28, 1947,—.-Serial=No. 15,820
(CL 154=27)

. 8 Claims.
-1 :

The present invention relates .to: flexible, tu-
~~hular: coverings -particularly: adapted for.use as
<insulating:coverings for-pipes, tubes.and the like.
~'The invention also:relates.to-a -method.and ap-
gparatus for fhe manufacture of.such. coverings.

"The:principal object:-of: the invention is.the
Zprovision--of :an.improved - flexible -covering .and
wmethod and apparatus for making the same, .the
=covering .comprising: a-seamless sleeve-surround-
=ing .and. contammcr -a.bonded: tubular 1nsulat1ng

~body.

..Another. obJect of .the invention. is:-the: provi-
wsion:of:a-tubular: covering..comprising an. outer,
-:seamless sleeve.:fabricated preferably of :knitted

metal strands:and-a tubular: insulating kody.of
Zfibrous-madterial:such.as:asbestos, -mineral - wool,
= glass fiber or other: fibrous material within. the
ssleeve,ithe body -containing: a.distributed, hard-
zened binder. )

zAnother :object .of-.the invention-is ithe provi-
zsion-of a:method: and: apparatus for fabricating
wa:product of . the type described above, the steps
=of-the . method- being - carried -out. in: sequence
wwhereby:.the covering .is::completed: in a. single
zseries.;of: operations: and continuous :production
1s obtained.
+A; further object-of; the -invention is.the provi-
fon:of :a:: method: and: apparatus for:knitting: or
therwise: fabricating: a tubular-sleeve- around:a
“formingmember, introducing: a-fibrous insulating
=filling containing-a. distributed: binder .into..the
uSleevesas:it -ds.-drawn off “the -forming-member,
wand: setting or curing.the.binder. ..In the opera-
~tion.the insulating.material is confined: between
«the- forming ..membher -and- a..centrally located
mandrel.whereby .it-is shaped to tubular.form.

-+ Az still further. object.of. the invention is.the
=provision..of . a .method: and . apparatus as..de-
~scribed: above-in-which .the mandrel is. of a.char-
~acter.to impart heat.to.the body:of-fibers. .The

application.of . heat.sets: the binder.in the event
-3 .thermo-setting . binder..is.used,.or.serves to
~soften the. binder -where.the bmderﬁls a. thermo-

~plastic, ‘the.body..thereafter being. cooled. The
~-mandrel. may. serve. as a_heat-imparting. medium
- in several ways; for example, it .may- be electri~
~.cally _heatéd . to _provide. s _relatively. localized

" hegting_ effect. ad;acent the .inner circumference
- Of. the. tubular. body .or it. may. serve.as.means
““for tirculating hot air, steam or the like through

thé tubular body.. .Additional heating means. may
~be. useéd’ to.apbly._heat._to. the. exterior .of. the
; -covermg asit is formed..

* My.invention will be:more fully‘understood a.nd

~-further objects.and .advantages will become.ap--

)

2

_parent.when reference. is.made.to the more de~

tailed description of a preferred.embodiment.of
- the .invention.which.is to follow.and.to the.ac-
companymg drawings in-which: .

Fig. 1 is a. perspective view.of.a ‘tubular cover-

“ing_in_accordance. with the instant invention;.

.Fig. 2 is a.diagrammatic, perspective. view..of
.an_apparatus. embodying.the invention.and. for
-.carrying out the.method thereof;

Fig. 3 is a sectional view, taken on the lme
3—3 of Fig..2;

Fig..4.is.a view:similar, to. Fig. 3 111ustrat1ng a
~modification of the invention; and

.Pig..5.is.a view. sumlar 1o Fig..3 111ustratmg~

18 further modification. '

25

--steel ~alloys, .
.-chrome alloys of conventional types may be-used.

Referring. now .to:.the.. dra,wmgs and.. particu-
.larly.to Fig. 1, the product.of the invention.com-
.prises.a tubular covering I0:adapted,particulazly
--for.use.as.insulation for-pipes, tubes and.similar
_equipment. . However,.as-will be:appreciated, the
~product may .have uses-other than for.insulating

_purposes-.and- may.-be employed: to..cover.other

elements .than..those. stated. :The .covering :in-
cludes an..outer: sleeve. A 2-surrounding: and con-
.taining a fibrous, tubular body14.

- Bleeve: 42 is-of a..stretchable;. distortable, char-

i acter and-is:suitably -fabricated.by knitting flex-
.-ible sfrands of. a. character to:impart .to the . prod-
et ~any desired--properties .or-: characteristies.
30 Preferably for this:purpose-metallic. strands.are
--employed. .

If . resistance: to-'high: temperatures
is a factor, metals such as-chrome:alloys, nickel
-nickel . copper .. alloys ~.and .. nickel

35 .If -heat. resistance is not s factor; softer-metals,

.ashestos or.even-organic. materials-may:be-em-
-ployed. 'Where metal--is-employed,-as-:i

- ferred, relatively . fine strands-are- selected;:say,
.-for- example; those having. .a diameter. of: about
40 .0.006",-
:have relatively-small mesh-openings; for.example,
-.about-ts’’.
-and.the size of-the-stitehes may vary consider-
-ably-from:those given above;:depending upon the

.pre~

and: the fabric is, preferably -knitted:to

..However;. the.gauge-of the-strands

45 :particular application.of the product, the. char-

.-acter of.:the. filling.material, and. the like. -Also,
_the strands. may-be in:the. form of-round. wzres
-or flat eut strands; as desired.

-Particularly for high temperature- apphcatlons

50 .the tubular body-14.has-as.its: major.constituent,

-a fibrous material such:as asbestos fiber, although
..glass fibers, mineral wool fibers and.the.like may
-.be--used. -For .low ..temperature - apphca.tlons,
ﬁbrous -materials.:of.-either an.: organic or.inor-

86. ganic. character.: -are.suitable.and may-be.selected
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from the many known materials for similar uses,
such as wood fibers, cotton fibers, and the like.
The arrangement of the fibers in the form of
the tubular body 14 is maintained by a binder 16

4

therefrom. The mandrel also includes a stem
58 extending upwardly through the cover §2 of
upper section 36 and supported exteriorly of the
delivery tube by bracket 606.

distributed in minor proportions throughout the & In the form of the invention shown in Figs.
body, say in proportions of about 2 to 8%. The 2 and 3, mandrel head 56 and stem 58 are of
selection of the particular binders is not crifical holiow construction and the head is- provided
to the invention, binders of either a thermo-set- with a plurality of perforations 62. Stem b8 is
ting or thermo-plastic type being satisfactory, in communication exteriorly of the delivery tube
although thermo-setting resins are preferred. 10 with a suitable source (not shown) of heated
Examples are phenol-formaldehyde and accroi- fluid under pressure, such as heated, compressed
des resins. Typical thermo-plastic binders which air or steam, whereby the fluid may be led
may be used are crude polystyrene resins, a nat- through the stem into head 56 and delivery
ural resin such as batu gum in powdered form, through perforations 62.
pinewood pitch from which rosin and petroleum 15 Immediately below the mouth of forming mem-
solvent soluble components have been extracted, ~ ber 38 is a suction box 84 comprising a housing
and paracoumarone resing consisting of mixtures 66 surrounding the sleeve and tubular body, the
of polymerized coumarone and polymerized in- housing being connected to a suction line &8
dene obtained from solvent-naphtha fractions of leading to a suction fan or the like (not shown)
coal tar. Also, combinations of thermo-plastic 20 to obtain continuous withdrawal of air or other
and thermo-setting binders can be used in any fluid from the body.
desired proportions. A chamber 10 is mounted below the suction
The tubular covering disclosed in Fig. 1 and box to surround the sleeve and tubular body.
described above may be readily applied to ex- The chamber in the embodiment of Figs. 2 and 3
tending lengths of tubes, pipes and the like, by 25 has outlet ports 12 and 74, respectively, through
drawing or pushing the covering over the same, which a heated fluid such as steam, hot air, or
the readily stretchable, distortable character of the like may be circulated from any suitable
the covering permitting it to conform to ir- source of supply (mot shown). The product
regularities, changes in the dimensions, and the comprising the knitted sheath and the tubular
like. 30 body is withdrawn downwardly through the
Referring now particularly to Figs. 2-5 in-  several operating portions of the apparatus by
clusive, the apparatus for the manufacture of suitable take-off means which may comprise, for
the product described above and for carrying example, pairs of opposed, concave, knurled rolls
out the method of the instant invention includes 16, driven in any suitable manner in timed re-
a device 20 for fabricating the tubular sleeve 35 lationship to the knitting operation.
f2. Device 20 is preferably, as illustrated, a In the operation of the apparatus described
circular knitting machine of known type include above and in carrying out the method of the
a stationary cylinder 22 supporting a series of instant invention, strand material of the kind
knitting needles 24. One or more spools 26 of selected for the sleeve {2 is supplied from spool
the strand material from which the sleeve is to 40 26 and is fabricated into a seamless, tubular
be fabricated are supported from the machine, fabric around forming member 38 by knitting
as indicated at 28, to be rotated around cylinder machine 20. Coincident with this operation
22, the sfrand extending from the supply through blower 44 is operated and the selected fibrous
guide 30 to the knitting point.” The drive for material, such as asbestos fiber, mineral wool
the knitting machine, supporting members and 45 fiber, glass fiber or the like, is supplied from
other conventional operating parts, such as the the hopper 46 through measuring device 58 to
needle cam structure, and the like, have not the blower or fan and is carried with the: air-
been shown, and the knitting machine elements stream set up in conduit 42 into hopper section
referred to above have been shown only dia- 36. The introduction of the fibrous material
grammatically as such features may be of any 50 through the fan insures that it will be opened
conventional or known type and, per se, form and fluffed and well dispersed before it reaches
no part of the invention. the delivery tube. The airstream, in addition
Supported above the knitting machine 20 as by to serving as a conveyor for the fiber, serves
bracket 32 is a delivery tube 34 having an upper as an impacting medium fo pack the fiber be-
section 36 and a lower, substantially cylindrical 35 tween mandrel head 56 and the forming member
forming member 38 extending through the knit- to snugly fill the space therebetween. It will
ting machine cylinder and projecting some be understood that the density to which the
distance therebelow to terminate in an open fibers is packed will depend upon the quantity
mouth 40. Forming member 38 is of substan- of fibers supplied and the force of the airstream,
tially the diameter of the knitted sleeve to be 60 photh of which are subject to control and may
made on the machine 20. Upper section 36 is  be varied to meet particular requirements.
connected through a conduit or tube 42 to the The selected binder, a thermo-setting binder
out-put side of a blower or fan 44. A hopper in the operation now being deseribed, preferably
- or the like 46 for the introduction of the fibrous in powdered form, is introduced with the fiber
material making up the insulating body 14 is 05 through hopper 46 and blower 44 and, due to
in communication with the in-put side of the the turbulence in the airstream and the opening
- blower or fan. The latter is driven by any suit- and fuffing of the fibrous material thereon, is
able means, such as motor 48. ‘A metering de- distributed throughout the fibrous material. .
vice 50 of any known type may be employed to Simultaneously with the operations described
control the quantity of the fibrous material fed 70 ghove, 3 heated fluid, suitably hot air or steam, ab
to the forming member through fan 44 and duct such a temperature that when mixed with the
42. The upper end of upper section 36 is closed conveying air the temperature within the body
by a cover 52. Extending axially of the delivery will be sufficient to liquefy and, then .set the
tube is a mandrel 54 including a head 56 par-  thermo-setting binder, is supplied through the
tially within the forming member but projecting 73 mandrel. 'The heated fluid and the conveying
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#1F pass’ through the insulating body ‘builtup
within the i'sleeve -and - are fexha,usted through

© As-$hetknitted: sleeve wn;h the tubular body
therein passes downwardly from. the-suction box
66,19t i ‘preferably  subjected o an addifional
heat treatmernt in chamber 70. A hedted fluid,
stitably - air or- steam, “at the required ‘temper-
ature o set the seélected binder, is -introduced
intoithe. chamber ‘and. circulate throughout, to
insure that the binder adjacent. the exterior sur-
face -of the body -will e ‘completely. cured. No
special” cooling -steps -are’ necessary: though they
may be employed, if ‘desired. ' As the product
leaves the take-off rolls it may be.cut. info-sec-
tions-of :the desired length and is then ready
for use.

In the event:-that it is preferred-to concentrate
the bonded.areas.of the. fubular body adjacent

the inner and outer peripheries .to leave. a . r€la- «

tively unbonded, extremely flexible interior, the
heated fluid suppliedthrough the mandrel may be
in sufficient quantity or at-such temperature that
.it.will effectively liquefy and cure only the binder

adJacent the inner periphery. of:the body. The %

Jbinder adjacent the exterior of the body is-cured
so:lely by. the passage of the product through the
chamber:76.:

A similar result may be obtamed by -using
other means for the localized heating of the
inner peripheral portion of the body. For ex-
ample, as illustrated in Fig. 4, the mandrel may
consist of a head 18 containing an electrical
heating element 80, such as a conventional re-
sistance heater, the electrical leads 82 for the
element extending through the stem 84 and being
connected into a suitable source of current sup-
ply (not shown). The heat supplied by the
mandrel primarily is applied directly to those
portions of the body adjacent the inner periph-
ery whereby the binder in such portions is cured
and set, and the remainder is relatively un-
affected. Suction device 66, in this instance,
serves only to remove the conveying air and to
prevent the emission of dust into the room. The
heating of the body adjacent the outer periph-
ery to cure the binder is accomplished entirely
by the heating chamber 10.

The methods and apparatus described above
may be used equally well where the binder is a
combination of thermo-setting and thermo-
plastic materials with the thermo-setting in-
gredient in reasonable proportions, say in pro-
portions of 10% to 20% of the total binder. The
thermo-setting material will be cured at the
same time that the other binder ingredient is
liquefied or softened and when used in such pro-
portion will effectively maintain the shape of the
body until the thermo-plastic material cools and
hardens.

In cases where it is desired to employ a thermo-
plastic alone or with a very small proportion of
a thermo-setting material, the minor modifica-
tions of the apparatus illustrated in Fig. 5 are
found desirable. In this case mandrel 85 has a
head 88 including a perforate hollow section 90
lying partially within forming member 38, and
partially projecting therefrom, and a solid, or at
least imperforate section 92 extending from the
perforate section through the suction device 66
and into a cooling chamber 94. The cooling
chamber may be similar to heating chamber 70,
except that its inlet and outlet ports 96 and 98,
respectively, are in communication with a source
of cold or refrigerated fluid.

6
“Inthe’ operatien of the -apparatus: disclosed
in Fig. 5, & Telatlvely “high™ el point ‘thermo-
plastic-binder, such’ as ‘the powdered: batu: gum
prevmus‘ly Teferred to, is introduéed - with the fiber
‘as ‘before and a-heated fuid is supplied’ to the
‘tubular body: through the hollow, perforate see-
tion 90 of mandrel 86, the: temperatures -set up

. ‘withini- the bédy - being: controlled to-soften’ the

10
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‘thermo-plastic binder sufficiently to'soften-it, bt
preférably net to completely liquefy it, whereby
it very:-quickly -solidifies- and exerts its binding
function -after the tubular body passes from the
heating zone. Inasmuch as the mandrel extends
beyond the heating: zene, the bedy-is maintained
in~its -required : tubular shape until the  binder

‘takes a sufficient- set to prevent-collapsing of the

body:  The-solidification of the birider'is aceel-
erated as the product passes’ ‘through ‘the cooling
zone set up in chamber-94.

“In “each -of “the several forms of the inven-
tion described ‘above, “the tubula,r shape -of “the

‘body is"maintained until the binder has-set to-a

sufficient extent to insure retention of the tubular -

“shape without -outside support. “The density ‘¢f

the body may be easily controlled by controlling
the rate of delivery of the fibrous material and
the ‘vélocity of the airstream which carries ‘the
fibers.into the formmg member and serves as the
packmg tnedium, 'The boré ¢f the tubular body
may be changed to ‘meet particular requlrements
by meérely substituting mandrels. of . the, desired
diameter. The product is of particular advantage
for insulating lengths of tubing and the like
which have numerous bends and turns as it may
be easily forced onto the tubing from one end
thereof, its flexible character permitting it to
conform to the curvatures and other irregulari-
ties in the line.

Having thus described my invention in rather
full getail, it will be understood that these de-
tails need not be strictly adhered to but that
various changes and modificationg may suggest
themselves to one skilled in the art, all falling
within the scope of the invention as defined by
the subjoined claims.

What I claim is:

1. In the method of making a tubular covering,
the steps comprising, fabricating a seamless,
tubular sheath and substantially simultaneously
therewith conveying a loose insulating material
containing a thermo-plastic binder into the
sheath and forming said loose insulating material
into a tubular body within said sheath, heating
the body to soften the binder and holding the
tubular body against collapsing while cooling the
blnder

2. The method defined by claim 1 in which the
body is heated by the circulation of hot air there-
through.

3. In an apparatus for the manufacture of a
flexible tubular covering, a hollow forming mem-
ber having an open mouth, means for fabricating
a tubular sleeve around the forming member, a
hollow mandrel extending axially of said form-
ing member, said hollow mandrel being in com-
munication with a source of heated fluid and
having openings for the emission of the heated
fiuid therefrom, means for conveying a filling
material containing a binder into said forming
member to form a tubular body between said
forming member and mandrel, and means for
moving said sleeve forwardly as it is knitted to
draw the sleeve from the forming member with
the tubular body therein.
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--4,In an apparatus as defined by claim 3, means
for applying heat to the exterior of said body. -

5. In the method of making g tubular covering,
the  steps comprising, fabricating - a seamless
tubular sheath and -simulfaneously therewith
conveying a loose insulating material containing
g distributed unset thermo-setting binder into the

sheath, forming said loose insulating material

into a tubular body within said sheath, setting the
binder by the circulation of a hot fluid through
the tubular body, and holding the tubular body
against collapsing during the binder-setting oper-
ation. - . :

6. In an apparatus-for the manufacture of a

fiexible tubular covering, a hollow forming mem-~
ber, means for fabricating a tubular sleeve around
the forming member, a mandrel extending axially
of said forming member, means for conveying a
filling material containing a binder into the form-
ing member to form a tubular body between the
forming member and the mandrel, means for
supplying a fluid medium to the body from the
mandrel, suction means surrounding the body to
assist in the circulation of the fluid medium
through the body, and means for moving the
sleeve forwardly as it is fabricated to draw the
sleeve from the forming member with the tubular
body therein. .
7. In an apparatus as defined by claim 3, suc-
tion means supported around the tubular body
to assist the circulation of the heated fluid
through the body.

Method and apparatus for making flexible tubular coverings (US Patent 2,609,312, 1952)
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8. In .an apparatus for the manufacture of a
flexible tubular covering, g hollow forming mem-
ber having an open mouth, means for fabricating
a tubular sleeve around the forming member, a
mandrel extending axially of said forming mem-
ber, -said mandrel including a. perforate hollow
section and an imperforate. section, means con-
necting the hollow section with a source of a fluid
medium, means for conveying a loose filling mate-
rial containing a binder into said forming member
to form a tubular body between said forming
member and mandrel, and means for moving said
sleeve forwardly as it is fabricated to draw the
sleeve from the forming member with the tubular
body therein. : - :

: EDWARD A. FARRELL. -
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