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METHOD OF "AND:MACHINE FOR, wman
" RIBBONSON'HEAT EXCHANGE TUBES'

Robert M, Stikelesther, Dedham, Mau.,,aulmon
~ to:B. F. Sturtevant}Commy. .Boston, Mass:

Appllcation Jime 29; 1943, Serial No: 492;708

" 20,Claims::

" This invention: relates to the: wlnding of*metal_
ribbons, on tubes, and relates: ‘hore particularly to:
methods and machines. for winding metal* ribbonsa
on heat” exchange tubes for forming . extended,

" Heat. ‘exchange. surfaces.

It is ‘common’ practice to. use machines for:
winding copper or aluminum ribbon spirally, upon:
small heat exchange tubes. A typiéal'machine is.
one.in which'the. ribbon is.first.crimpéd by pass

(CL29—38) -

bon. windmz;mechauism oﬂ?i‘z 1; withiribbon and’
the; tube. ox-whith it;is-wound; removed:

The: tibe: 10°is; rotated and” advanced’ through’
the’ machine at. rates*coordinated ‘with- the: feed"

s of‘the ribbon thereonas:wil‘be:deseribeds. With:

reférence: to . Fig: I, the. tube 10 i§. -advanced:
througlr bores:ifr the ‘coupling - i1, the-pulley 12
tHe bearing: (8] the shaft’ 14} and’ the- bearing- l5
by’ the tube rotating and. advancing mechanism-

sage between.toothed rolls.and is. then wourid on, 10 indicated generally-by-(6:

a tube while the crimp in the outer edge.is.ironed:

out.between pressing rolls.for causihg the.ribbon
to. fit_tightly, on; the: tube.. Such. machines: have:
nat' been. successfil’: for windihg relatively, wide:
ribbons'on tubes.nor for winding ribbons of. meta.ls
such as'steel. which are relatively hard:

This. invention provides.a mackhine. which . will
satisfactorily wind relatively wide.ribbon on rela-
tively. large diameter tubes and. which will, satis-

. facton]y wind. steel ribbon on tubes.. The.ribbon.
isriot crimped as formerly. Its outér.edge is. first:
rolled and streteched, ‘causihg the. ribbon to.form a:
spiral; the ihner diameter. of which is:. shghtly
less than that of tHe tube so that whien the, ribhon
is placed on.the.tube it fits.tightly, on same. .

‘Objects.of the invention.are.to wind’ relatively
wide. ribbons.on tubes. and to winchelatively harcL
ribbonis on tubes: :

The invention will'now be, described thh refex:-
ence to the dtawings, of ‘which:
~ Fig. 1'i§ a side elevation of & machihe emhody-
mg this.invention,. for;winding. rikbon on.a. tube;

Fig. 2iisan elevatzon view:of one.end. of: thema.—
chine. of Fig.. 1;,

g, 3is.an elevation view- of. the: othen end of
the machinhe .of ‘Figs. 1. and 2:. .

"'Pig. 4.1s a.sectional viéw of the mechahism. used-
inthe.machine of Figs. 1-3for advancing the tibe.

on which the ribbon is.being. wound and.is.taken. 49,

a.long the lines, 4—4& of Fig, 5:. .

"Fig. 5 is.a sectional view along the lines 5—-5 ot
F1g 4

Fig. 6 is an enlarged’ sectional view along,the
lines. 6—6. of.Fig. 1;.

‘Fig. 7.i8.a. diagxammatac view of ‘mecHanism for:
automa.ncally controlling: the. speed.. of. the, tube.
advancing mecha.msm. o

Fig, 8 is.an enlarged. sectional. view oI the

15 tached:

20.. are:mounted on- the!shafts  21-and ‘25!

With reference $0-Figs: 4'and'5, the;mechanism:-
18 includes:the Back plate IT which is-screwed”
onto. the threa;de&'end ‘of “the- hollow' drive-shaft
18~and to- which- the“mounting bra.cket‘ 18:1§ at-
The: feed' roll“supports- 19 -ate- mounted:
to thre-bracket. 18:Bby; the:pivot- pins 20: Thelower-
feed roll shaft:21 is: ‘journaled ifr the: lower-sups
port: 18 and the-upper-feed: rolFshatf-25'is jours-
naled‘in: the  upper-support: 18 The-féed rols. 23
‘The: gear-
2zdsmounted ‘omone‘end’of theshaft:2l: A’lower:
gear-284s‘mounted’ on- the- other-end-of ‘the-shaft:
21 and meshes with a similar-gear 24° mounted:
on the shaft:25*whereby-upon rotation:of.the- gear

25+ 22“the‘zears**21‘and ‘the. feed'rolls:28 are'rotated:

The: gear 22 meshes: with’ the:outer: gear- 26
which:is attached’ by the-screw 27T to-the:support: ‘
28° which i turn: iss attached to: the-bed: of - the?
machine. - The:gear-26-is thug:held: against rota~

30. tion-and’ since- the: assembly: "including: the: back:

plate:11; the:bracket. 18; the:feed:roll'supports: 19;.
the'feed- rolis:23 and thiegear 22'is rotated’ bodily-
around‘the -axis of'the tube: 10*by:the drive shaft
18] the'gear:22-meshing with the.gear -36is:caused”
5; to-rotate-and'to rotate-tHe:feedirols:23:

The: féed rolls28 grip. the-tube 10°androtate it:
a8 they: are:rotated as:described, bodily about the:
axisiof: tHe‘tube and.at the'same time due. to:the:
rotation-ahout the feed roll shafts: 21 and 25; they:
rotate-in' oppositerdirections:with - respeet:to each
other and’ advance the‘tube 0 through' the ma-
chine: -

The springs 3 contacmng’the cap:screws:324in-
threaded’ bores: in:the:end:plate-1T'and’ thie outer .
ons:33-of the feed: roll" supports: 19 cause: ‘the
: 2¥ to. grip the-tube: | 0 withthe: proper:
pressuie: This: pressure*may be:regulated by ad~
Justmzent of! the: cap’ serews+ 32!

' The.tube release: lugs 3¢-are-pivoted inthe:outer-

tapered rolls.for. rolling and. stretching the. uutex- 60, exds-of the:feed rolt'supports 19'by-the pivot: ping.

edge. of "the ribbon;. . .

Fig. 9iisian. enla.rged View 1llust.ra.ting the rib-
bon rolling. mecha.nism of Fig. 1, With ribbon re—
moved, .and. :

I"xg 10 is. am enlargedwview ﬂlustratmg:the rib,- u‘ tor nu.sh the

35, The-cam: 36 cooperatlng ‘with>the:fixed’ cam:
37" is’ rotatakle- by~the -Hand” léver - 38¢ to- press:
against® the-: inner ends: of’ the: lugs: 34+ causing:
them: to ‘move: inwardly against; each:other-and’
quter: ends:off the:féed roll: supports




18 apairt and move the feed rolls 23 away from the
tube 19 for releasing the tube {0 from rotation
and advancement.

The rolls 95 are mounted for free rotation on
shafts journaled in a frame of the machine and
contact the tube 18 as it passes from the tube
rotating and feedmg mechan.sm {6 a.nd act as
guide rolls. e

Referring now to Fig 1 the’ ribbori 40 15 fed

from a cenveniently located spool through a guide
slot formed between the guides 4! and which

rolls 42 are rotated in opposite directions and

are so tapered as to roll out and to stretch-and..

thin the outer edge of the ribbon as it passes

therebetween but to have no effect-upon the in-.

10
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Fixed ribbon contacting tools could be used in
place of the rolls 49 and 52 but the rolls are
preferred since less friction is involved.

In some cases, it may be desirable not to have
the ribbon perpendicular to the tube and in such
cases the rolls 52 may be omitted.

The electric motor 85 as illustrated by Fig. 2,
rotates ‘through the pulleys 56, 51, and 58 and
the belts 59 ‘and 60, the drive shaft (4 which ro-
tates the mechanism described in the foregoing

. for rotating and advancing the fube 10 on which
guides it in between the driven tapered rolls 42, .

.the ribbon is wound.
the details of which are shown by Fig. 8. ‘The .
" '8, through the pulleys 61 and 62, the belt 63,
the gear box 64, the shaft 65, the coupling 66 and
= the gear box 61, the rolis 42 which roll the outer

The motor-55 also rotates as illustrated by Fig.

;. edge of. the ribbon for forming the spiral.

ner portion of the ribbon. This rolling causes

the ribbon to spiral as it issues from the-rolls
42, as illustrated. The freely rotatable roll 43 ¢
has a groove formed therein into which the rib-

bon fits as it passes from the rolls 42." The rol

43 is raised and lowered by the lever 44 which.

actuates a .common screw feed 45. The ‘contact
of the roll 43 with the ribbon as it passes from
the rolls 42, guides the ribbon from the rolis 42
and aids in determimng the diameter of the splral
assumed by the rolled ribbon, By raising “the
roll 43, the diameter of the’ spiral is increased

and by lowering it, the diameter of the spiral is’

decreased. When the. roll 43 is not used . the
drameter of the spiral varies somewhat

With reference now to Figs. 1 and 3, the ribbon.

' spiral after leaving the rolls, is first passed around
and along the curved rod 46 and then dround

and along the curved rod 41 which guide the:,
spiral against the tapered, angle changing roll

48, For accomplishing this movement, the free
end of a newly formed splral is attached to the

tube 10.ag by soldermg or brazing and the tube’

pulls the ribbon over and through the. apparatus
now to be descrlbed

The tapered angle changing roll. 48 serves to’

change the directlon of the ribbon contacting
it, through an angle of 90° for directing the rib-

bon perpendlcular to the surface of the tube 10
as it ﬁrst contacts same The backmg up ol

49 rotates freely on its shaft 50 in the bearing

" 51 on the frame of the machine and extends per-
penohcular to the axis of the tube 10, and closely
approaches its surface as illustrated by Fig..6..

The two rolls 52 have their inner surfacesh

spaced apart a distance shghtly greater than the
thickness of the ribbon and are freely rotatable
on the shaft 53 whlch is jcurnaled in the frame
of ‘the machine., The ribbon contact’.mfr suriace

of the roll 89 is substantially in alignment with_

the ribbon contacting surfaCe of - the. outer roll
52, The roll 49 contacts -one side of the ribbon
as it is wound on the tube 18 and the inner sur-
faces of the rolls contact both sides of the rib-v
bon shortly after the winding starts.

The rolls 49 and 52 act, to support and straight-
en the ribbon as it is wound on the tube, keeplng

it substantially perpendicular {o the surface of
the tube when this is. desired. Since the ribbon

is forimed by the rolls 42 in g splral which has. a

smaller diameter than that of the. tube 10, when
the ribbon is forced by the rolls 49 and 52 to ex-

tend substantially perpendlcular to the surface of

the tube, it is apparent that the ribbon is pressed.

on and against the tube with considerable force,

causing it to tightly grip the tube. . The rolls 52

also .. aid somewhat in regulating the spacing of,

" 15 “which “contacts the extension 89 on the lever

the ribbon as it is wound spirally upon the fibe.

30

40

50

65

6Q

65

70

The spiral forming rolls and the mechanism
for rotating and advancing the tube on which
the ribbon is wound are thus driven in step by
coordinated mechanism but it has been found
that due to slight variations in the structuie of
the ribbon and to variations in the feed of the
ribbon or of the tube on which it is wound, there
occasionally occurs too much slack or too much
tension in the ribbon. To compensate for this,
the mechamsm to be described, varies the speed
of rotation and advancement of the tube 10 for
maintaining at all times the proper relation be-
tween the feed of the ribbon ang of the tube on
which it is wound:

The pulley 56 illustrated by Fig. 2, and which
has been described as a component in the rota-
tion of, and the feed of, the tube {0 is part of
g variable speed drive manufactured by the Allis-
Chalmers Company and known as their “Vari-
Pitch Sheave.” This sheave is.attached to the
drive shaft of the motor 55." The gear 70 when
rotated in a clockwise direction (facing Fig, 2
of the drawings increases the speed of the pulley
57 and when rotated in the ¢pposite direction,
decreases the speed of the pulley 51. For ad-
Justing the gear 10, the mechanism now to be
described is used.

Referring now to Figs. 1, 3; and 7, the lever
Tt is pivoted on the pivot shaft 12 to the frame
of the machine and has a wire extension 13 which
is looped around the ribbon spiral at a point sub-
stantially midway between where it leaves the
outer end of the curved guide rod 46 and enters'
the‘inner end of the curved guide rod 41.

The lower end of the pivot rod 12 is attached
as-best illustrated by Fig. 7, to the valve 83 which
when the ribbon is out of step with'the tube upon’
which it is’ wound, uncovers either the port 74
or the port 715 in the pressure chamber 79, Air
under "pressure from a suitable source is sup-
plied through the tube 76 and an orifice in the
tube ‘17 and through the tube 78 into one side
of the pressure chamber 19, and through the
tubé 716 and an orifice in the tube 80 and through
the tube 81 into the other side of the pressure
chamber 79.

The tube 18 connects with the cylinder 82 and
thée tube 81 connects with the cylinder 83,
piston rod 84 of the cylinder §2 when air pres-
sure is applied to the cylinder 82, moves out-
wardly as 111ustrated by Fig. 7 to strike the ex-
tension 85 on the lever 88, causing it to move to
the left with reference to Fig. 7 of the draw-
ings. The lever 86 has a toothed rack 8T In its

- gentral portion in ‘mesh with the gear 70.

The cylinder 83 has & similar piston’'rod 88
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86 when« alr pressure st applied tn the cylinder
83

When the valve 93 is. rotated by: thewlever 'H
to’ uncover the-port: 15:and’ to:: cover - the: port:
1% as:illustrated by-Fig. 7, the:alf which: would:
gocinto-the eylinder 83:through:the.tube:84; leaks:

into-the- atmosphere. - Due: to: the port: 14 being:

covered by the:-valve;there is-noleaknge:from the
tube-18-and the cylinder 82 is supplied with: ajr:
and-acts-to rotate-the gear 10 as-described: The
condition’just described is one resulting from:the:
spiral being too slack with theresult thatthelever
Ti: hag acted’to-rotate:the-gear in-a clockwise di~

rection- for speedmg up -the- feed of the: tube lo .

as-described,

~Xf the: tension-in- the rlbbon spiral becomes tco‘

grea't the lever- Ti- is adjusted:in- tHe: opposite:
direction to-that descnbed in-the foregomg and
. moves*the‘va.lve to-¢close the port 15 and- ‘t0° gpen’
. the port:14: This: causes- the" cylmder 82 to: res
tract- its piston* 84- and the cylinder 83" to-ex-
tend its piston: 88 ‘to- strike ‘tHe extension. 89°
and to move the lever-88 to the right ‘with ref<
érenice to' Figr 7° of the drawings,” causing: the:
rack 87 to rotate the gea.r 10" in &' counterclock=

wise- dn'ect;on for slowmg up the‘ feed of the :

tube 10;

‘WHen tHe tension of ‘the ribbon’ ‘spiral:is- just
right, the lever 71’ assumes mid-position-as:illus=
trated.in dotted outline by Fig. 7 with the result

-that ‘both’ ports T4 and 15" are. partially uncoyv-
ered so that both leak air and: neither- of the
cyhnders 82 and 83 receive air’ and’ the: gea.r 10
is 'fiot totated in either direction:

" 'THe springs 80 are connected to. the extensibn
91 from the.lever 86 at the midpoint of the
rack 81, ahd to the extensions 92 on the cylin-
ders. 82. and 83 and serve to urge..the.. rack 81
towards. midposition.

The. tibe. 10 with the. ribbon wound. spirally.
théreon may be.fed froin’ the machine described.
in the forégoing, through the usual cleaning and"
soldermg baths for more. securely a.fﬁxmg the
ribbon to. the tube if that is’ des1red ’

Wh11e one. éembodiment.’ of the mvention has
been. described for the. purpose of- illistration,
ite should be understood that. the invention.is.nat.
limited to the exsact.apparatus and arrangement.
of.apparetus. illustrated. as. modiﬁcatlons thereof.
may. be suggested by ‘those. skxlled in. the: art
thhout departure from. the.essence of thainven-
tion. .

What is: cla.imed is:

l “The. method of wmding 2. metal nbbon upon
a heat exchange tube which comprises rolling one:
edge of the. nbbon for: formmg a.spiral, rotating.
and advancing the tube, _conveying. the ribbon.
splral to.the tube, windmg ribbon from the. spiral
on.the.tube, and. varying. the. speed of. rotatlon
of, and.the.speed of advance of, the.tube.in. ac-
cordance with variations: in. the tension of the
spiral in"its. tra.vel to. said. tube,’ .

‘2. The method’ “of winding a. metal’ ribbon upon
‘a.Heat. exchange tube which comprises. rollmg
one. edge of the.ribbon.for forming a spiral hav-.
ing. an ms1de dmmeter less. than. the outside.di-
amet.er of -the, tube, rotatmg and advancmg the:

“tube,. conveying the. ribbon sp1ra1 to. the. tube,:
winding ribbon from the spiral on:the: tube fore--
ing;the ribbon. to.assume a position substantmlly
perpendicular, to the-surface of the ‘tube.as it is:
wound:on: the tube whereby: the:ribbon:tightly;
grips the tube surface, and: varying:the speed of:

-rotation: oi,amLthe :speed of :advance of;. the tube:

3

in: accordance: with: variations: in:thes tenslon of
the spiral:on:its:travel:to said-tube: = - -
- 3z The:method:of winding:a:metal: ribhon-upen

a heat: exchange: tube: which: comprises: rolling;
+ .onesedge; of -the: ribbon: for- forming: a:spiral havs-

ing-an:inside: diameter less.than: the: outside:dis-
ameter: of'the:tube; rotating:and advancing:the:
tube; conveying: the:ribbon spiral to: the:tube;:
winding ribbon: fromthe:spiral: on: the: tube; ap=
. plying: pressure to: both: sides. of: the: ribbon: for:
forcing it:to-assume: g: position substantially. per--
- pendiculdr: to: the: surface: of the tube: whereby:
the: ribbon: tightly: grips- the: tube: surface; and:
varying the speed of rotation of, and the speed:
of advance:of, the:tube:in accordance-with.varia-
tions inthe:tension:of: the spiral in: its travel to
said:tube..
4. The:method of: wmding & metal nbbon unon,
a:heat:exchange-tube'which:comprises rolling: one:
20 edgé:of the:ribbon:for-forming;a:spiral:having.an-
inside diameter: less: than: the outside: diameter:
of: the:tube;. rotating: and advaneing the: tube;.
conveying:the ribbon:spiral to: the:tube;, winding:
rikibon: from the:spiral on:the.tube, pressing: the:
: advancing:side of:the:ribbon rearwardly as: it is;
placed. on: the: tube;-and - varying - the:speed_:of:
rofation: of; and: the speed: of: advance .of,. .the:
tube:in:accordance with variations:in the tension:
of:the: spiral .in its: travel: to:said:tube:. .

5. The method of winding a metal ribbon upon:
a heat:exchange:tube :which comprises rolling one
edge:of.the:ribhon for forming a spiral:having an:
inside:.diameter- less: than: the: outside: diameter:
of: the: tube; rotating: and: advancing -the tube;.
88 conveying: the:ribbon:spiral to:the: tube, winding:

ribbon: from-the: spiral:on: the:tube, pressing: the:
advancing side: of the: ribbon:rearwardly: as:it.is:
placed:on: the: tube; and: applying:pressure:to. the:
other: side:of the:ribbon:after:it has been wound. -
40 a: short .distance: on: the :tube; and. varying the: -
speed:of: rotation of;, and the: speed of advance:
of,.the: tube.in accordance with: variations in-the:
tension.of: the spiral:inv its.travel to said tube;

- 6. :The method of:winding a metal.ribbon.upon:
45" o heat exchange:tube which. comprises: rolling.one:
edge of the ribbon for: forming. a: spiral having.
an:inside diameter less;than.the outside diams
eter of:the:tube, rotating: and.advancing the tube,:
__conveying:the ribbon spiral to the tube; winding.
5% ribbon: from the spiral on.the:tube, pressing the.

/. advancing side: of the: ribbon rearwardly -gs.it:is:
placed on the tube; and.applyihg: pressure:to both.
sides:of :the ribbon after it hasbeen wound.a-short.

. distance: on" the tube,: and. varying. the .speed: of.

553 rotation:of, and the speed of advance:of, the tube
in accordance: with: variations. in-thé- tenston: of
the:spiral.in-its:travel to said:tube. o

7,-A-machine: for; applying. metal ribbon on “a

heat exchange:tube, comprising means:for rolling:
60" one: edge: of. a.ribbon for forming. a. spiral, means:

including: a .curved. member: for: receiving. said:

spiral: and .for: guiding same. to.a heat, exchange.

-tube; means.for: rotating.and advancing:said.tube;:

" andumeans for. winding ribbon:from: the: sp1ra1
657 upon-the: rotating and. advancing: tube. ., . -.

8.: A:machine for winding: metal: rlbbon on a
heat. exchange tube; comprising a:pair-of rolls:for:
rolling one edge. of a.ribbon for: forming a spiral,:
means: for rotating said rolls; means. for: guiding

70 the:spiral: to the: tube;. means for: rotating and:

 advancing: the: tube, means for-winding: ribbon:
from:the:spiral-upon the rotating and:advancing:
tube,. and:means ircluding ‘means: responsive toi
variations:in the:tension: of the:spiral inits travel:

T8 hetween: said: rolls :and* saidiwinding: mesns;. for:

et
=

2

.
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varying the: relative speed of said rolls and of
said tube rotating and advancing means.

- 9. A machine for winding' metal ribbon on a
heat exchange tube, comprising means for roll-
ing one edge. of the ribbon. for forming a ribbon
spiral, means for rotating and advancing a tube,
means . for receiving the spiral and for guiding
same towards the tube in such @ direction that
its axis is.at substantially a right angle to a plane
containing the axis of the tube, and means in-
cluding means for changing the direction of the
spiral through substantially a right angle at the
tube for winding nbbon ifrom the spxral upon thp
tube,

10. A machine for winding metal ribbon on. a
heat exchange tube, comprising means for roll-
ing one edge of the ribbon for forming.a ribbon
spiral, means for rotating and advancing a tube,
means for receiving the spiral and. for guiding
same towards the tube. .in such:' s direction that
its axis is at substantially a right angle to a plane
containing the axis of the tube, means including
means for changing the direction of the spiral
through substantially a right angle at the tube
for winding ribbon from the spiral upon the tube,
and means for pressing backwardly the advanc-
ing edge of the ribbon as it is wound on the tube

for causing the wound ribbon to assume a posi-

tion substantially perpendmular to the surface
of the tube.

11. A machine for winding metal ribbon on a
heat exchange tube, comprising means for roll-
ing one edge of the ribbon for forming a ribbon
spiral, means for rotating and advancing a tube,
means for receiving the spiral and for guiding
same towards the tube in such a direction that its
axis is at substantially a right angle to a plane
containing the axis of the tube, means including
a dome shaped roll having its axis substantially
at a right angle to said plane for changing the
direction of the spiral at the tube, and means
for winding ribbon from the spiral upon the tube.

12. A machine for winding metal ribbon on a:

heat exchange tube, comprising a pair of rolls for
rolling one edge of a ribbon for forming a ribbon
spiral, a grooved roll placed to receive in its

groove, the outer edge of the spiral as it passes:

from between the rolls of said pair, means for

varying the position of said grooved roll relative

said pair of rolls for adjusting the diameter of
the spiral, means for rotating the rolls of said
pair, means for rotating and advancing a tube,
and means for winding ribbon from said spiral
on said tube as it is adavnced and rotated.

13. A machine for winding metal ribbon on
a heat exchange tube, comprising a pair of rolls
for rolling one edge of a ribbon for forming a
ribbon' spiral, a grooved roll placed to receive
in its groove, the outer edge of the spiral as it
passes from between the rolls of said pair, means
for rotating the rolls of said pair, means for
rotating and advancing a tube, means for guid-
ing said spiral in such a direction towards said
tube that its axis is at an angle to a plane con-
taining the axis of said tube, and means includ-
ing means for changing the direction of said
spiral for winding ribbon from said spiral on said
tube as it is advanced and rotated. .

14. A machine for winding metal ribbon on a
heat exchange tube, comprising :a pair of rolls
for rolling one edge if a ribbon for forming a
ribbon spiral, a grooved roll placed to receive in
its groove, the outer edge of the spiral .as it
passes from between the rolls of said pair, means

for.varying the position of said grooved roll-rela~-
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tive said pair of rolls for adjusting the diameter
of the spiral, means for rotating the rolls of said”
pair, means for rotating and advancing a tube,
meang for guiding said spiral in such & direction
towards said tube that its axis is at an angle to
a plane containing the axis of said fube, and
means including means for changing the direc-
tion of said spiral for winding ribbon from said
spiral on said tube as it is advanced and rotated.
~ 15. A machine for winding metal ribbon on g
heat. exchange tube, comprising a pair of rolls
for rolling one edge if a ribbon for forming s
ribbon spiral, & grooved roli placed to receive in
its groove, the outer edge of the spiral as it
passes from between the rolls of said pair, means
for rotating the rolls of said pair, means for
rotatmg and advancing a tube, means for guid-
ing said spiral in such a direction towards said
tube that its axis is at an angle to a plane con-
taming the axis of said tube, means including
means for changing the direction of said spiral
for winding ribbon from said spiral on said tube
as it is advanced and rotated, and means for
pressing the advancing edge of said rlbbon back-
wardly as it is wound on said tube.

16. A machine for winding metal ribbon on a
heat exchange tube, comprising a pair of rolls
for roiling one edge of a ribbon for forming & rib-
bon spiral, a grooved roll placed to receive in
its groove, the oufer edge of the spiral as it
passes from between the rolls of said pair, means
for varying the position of said grooved roll rela-
tJ‘.ve sdid pair of rolls for adjusting the diameter
of the spiral, means for rotating the rolls of said
pair, means for rofating and advancing ‘a tube,
means for guiding said spiral in such a direction
towards said tube that its axis is at an angle to
plane contairing the axis of said tube, means
including means for changing the direction of
said spiral for winding ribbon from said spiral
on said tube as it is advanced and rotated, and
meang for pressing the advancing edge of said
ribbon backwardly as it is wound onsaid tube.

17.-A machine for winding metal ribbon on &'
heat exchange tube, comprising g pair of rolls
for roliing one edge of a ribbon for forming a
ribbon spiral, a grooved roll placed to receive
in its groove, the outer edge of the spiral as it
passes from between the rolls of said pair, means
for rotating the rolls of said pair, méans for

‘rotating and advancing a tube, means for guiding

said spiral in such &-direction towards said:tube
that its axis is at an angle to a plane contain-
ing the axis of said tube, means including means
for changing the direction of said spiral for wind-
ing ribbon from said spiral on said tube as’it is
advanced and rotated, means for pressing the
advancing edge of said ribbon backwardly as it
is wound on said tube, and means for main-
taining said ribbon substantially perpendicular
to the surface of said tube as it is wound thereon.
18."A machine for winding metal ribbon on a
heat exchange tube, comprising a pair of rolls
for roliing one edge of a ribbon for forming a
ribbon spiral, & grooved roll placed to receive
in its groove, the outer edge of the spiral as it
passes from between the rolls of said pair, means
for varying the position of said grooved roll rela-
tive said pair of rolls for adjusting the diame-
ter of the spiral, means for rotating the rolis of
said pair, means for.rotating and advancing .a
tube, means for guiding said spiral in such a
direction towards said tube that its axis is at
an angle to a plane containing the axis of said.
tube, means including means for changing the
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direction of said spiral for winding ribbon from
sald ‘spiral on said tube as it is advanced and
rotated, means for pregsing ‘the advancing edge
of said ribbon backwa.rdly as it is wound on

said tube, and means for maintaining said ribbon

substantially perpendiciilar, to the surface of said
tube as it is wound thereon.
19. The method of forming extended heat ex-
change surface on a tube, which comprises roll-
 ing one edge of a metal ribbon to form an advanc-
ing spiral having a smaller inside diameter than
the outside diameter of :the tube, receiving the
spiral as it is formed ‘and guiding it adjacent
the tube in such a direction that its axis is at
substantially a right angle to a plane contain-
ing the axis of the tube"rota.t!ng and advanc-
ing the tube, changing the direction of the spiral
at the tube through substantially a right a.ngle.

5

" -and winding ribbon from the spiral on the tube.

20. The method of forming extended heat ex~

i -chauge surface on a tube, which ¢omprises roll-

- &1

ing one edge of a metal ribbon to form an advanc-

ing apiral having a smaller inside diameter than
the outside diameter of the tube, receiving the

“spiral as it is formed and guiding it adjacent
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the tube in such a direction that its axis is at
substantially a right angle to a plane contain-
ing the axis of the tube, rotating and advancing

‘the tube, changing the direction of the spiral at

the tube through substantially a right angle,

.winding ribbon from the spiral on the tube, and

forcing the ribbon to assume a position substan-
tially perpendicular to the tube as it is wound
thereon whereby it tightly grips the tube surface.

ROBERT M. S'ITKEI-:EAT'HER.




