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This invention relates to winding apparatus for
winding strip material on a drum or the like:

“The invention is particularly applicable to un-
winding strip material from a coil on a supply
drum or the like, and rewinding it in a coil on
another drum or the like, and will heremafter be
described as applied to that use.

There are well known uses for such apparatuq
in various industrial arts.

Apparatus of this class has been proposed here-
tofore; but problems have arisen which have not
been satlsfactorlly solved by such prior apparatus.

Among such problems has been that of main-
taining a desired tension in the strip being wound
and a desired speed of winding, the problem
originating in the increasing diameter of the roll
as windihg goes on.

It 'is desirable for a single apparatus to be
usable to rewind various different kinds of ma-
terial at different times. Some materials dictate
a low speed, whereas others may advantageously
be wound at high speed; and some materials re-
quire high tension in the strip being rewound, and
such tension in strips of other materials cannot
be permitied.

In some prior apparatus of this class, adJust-
ments of strip speed and tension have been pro-
posed, but the provision of adjustments that can
be accurately and sensitively made and that will
thereafter remain fixed, particularly adjustments
of strip tension and speed independently of each
other, whereby any desired tension may be had at
any desired speed and over wide ranges of tension
and speed, has not been satisfactorily accom-
plished in prior apparatus.

It is an object of the present invention to pro-
vide an apparatus of the class referred to which
overcomes the foregoing and other objections to
prior apparatus.

Another object is to provide a strip winding
apparatus having improved means for adjusting
the strip speed, and for maintaining it constant.

Another object is to provide-a strip winding ap-
paratus having improved means for adjusting the
strip tension and for maintaining it constant.

Another object is to provide a strip winding
apparatus having improved means for adjusting
the speed and tension of strip material being
wound, either one alone and independently of the
other, or both concurrently.

Another object is to provide 1mproved power
means for driving the winding drum of a sirip
winding apparatus.

Another object is to provide improved means
for.tensioning strip material while being wound,
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‘Another: object.is, to-provide improved means
for automatically controlling the tension of strip
materlal bemg wound responswe to.speed of the
strip. -

-Another obJect is to prov1de, in a strip winding
apparatus, strip speed: controlling means com-
prising xmproved adJustable .speed-reference
means. .

With these ob;ects inview, and others that will
occur: to:those skilled in:the art which will be-
come apparent hereinafter, the apparatus in an
illustrative embodiment of the invention and to
be described in-detail, comprises, generally speak-
ing, the following parts. .

- A.power: unit:.drives.a: wmdmg drum to wind
strip. thereon, drawing it from a supply drum on
which it has been previously wound. The power
unit is of a type that has such torque-speed char-
acteristies that if its output torque rises, its out~
put speed falls;-and vice versa; so that in gen-
eral, when the delivered torque is high, the speed
is-low, and vice versa; and the unit will deliver
torque over-a wide.range from maximum torque
at zero speed to substantially zero torque at maxi-
mum speed. For any delivered output torque
there is a certain predetermined output speed..

The power unit-furthermore is adjustable so
that the value of the output torque corresponding
to a given speed may be.increased or decreased.

The -torque of. the-driving unit is applied to
the outer circumference of the coil being wound,"
s0 that regardless of increase of diameter of the
coil as winding goes on, if constant torque is ap-
plied to-the coil, it is converted into constant tan-
gential pull.longitudinally of the strip materlal
as it -approaches the winding drum.

This pull or longitudinal force on the strip re-
acts upon the unwinding drum from which the
material is being drawn, and rotates it; and the
rotation of the unwinding drum is retarded by a
braking apparatus; and it is by this means that
torque output of the power unit produces tension
in the strip.~ .~

Strip speed responsive apparatus is provided
actuated by the speed of the strip to vary the
braking action on the unwinding drum, tending
to increase the braking action upon an increase
of strip speed and decrease it upon a decrease of
strip_speed. .

A speed-refer.ence power . unit is. provided hav-
ing a fixed output speed which can be preset by
adjustment at any desired- fixed speed.

. The braking action on the wound drum pro-:
duced by the braking apparatus; responds jointly:
to_the constant set speed .of the speed reference:
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unit and to the speed of the strip, whereby the
strip speed is maintained constant, and the value
of the constant speed can be selectively adjusted.

With the speed reference unit adjusted for
strip speed of some selected constant value, the
torque of the power unit corresponding to that
speed will develop constant tension in the strip
of a corresponding value. Upon adjusting the
power unit to change its torque output at that
speed, the tension: in the strip may be adjusted
without changing its speed; whereby for any
chosen speed of winding, the strip may be wound
with any desired tension. And by adjusting both
the speed reference unit and- the torque of-the
power unit, the strip may be wound at any desired
speed and any desired tension; whereby, a; 'given
apparatus may be adjusted to wind-at low strip
speed and high tension, or high strip speed and
low tension, or at any intermediate values of
speed and tension, over a wide range of speed
and tension; to adapt the apparatus: to the re-
duirements of differentinaterials.

~The: adjustment: means of the speed reéference
unit and that of the power unit are intercon-
nected so that the strip can ‘be wound-at:a pre-
selécted tension at ‘one:-speed and then the speed
changed without changing the tension.

- The invention is described generally inthe
foregoifig ‘and ‘an embodiment thereof will ‘be de-
seribed infdetail, but theractual invention is that
set forth in the appended claims.

The sdgid preférred embodiment is fully dis-
closed in the following ‘description taken with the
accompanying drawing in which:

" Pig. 1'is a-view illustrating somewhat diagram-
matically the said embodiment of the invention;

‘Fig. 2 is a fragmentary view of a part of Fig. 1,
illustrating a modification;

Fig. 3 is' a- fragmentary view ‘of a part of Fig. 1
illustrating a different application-of the inven-
tion.

" The diagrammatic drawing - illustrates rotary
gears, shafts ‘ete., but the bearings therefor have
been omitted  for. simplification; ‘and as being
known' and understood.

There “is' shown “at f -a 'drum 'rotatably sup~-
ported:on a’ shaft 2-:and having a:coil 3 of strip
material 4 wound:thereon; the strip-4 leaving
the:coil tangentially'and-going over a cylindrical
roll § on'a shaft:6; thenbetween the roll 5 and a
roll T'on a shaft 8, and. between the roll 7.and a
roll 8; - and therebeyond a3 shown is being wound
in‘a coil 16-on'a winding drum 1 (.

- The roll -9 is supported by a shaft 12; and the
rolls' 5 and 1 are maintained in vertieal ‘align-
ment by guides not shown, ‘and are held down-
wardly by gravity or by spring means 13 or other
suitable means not shown but well known; and
thereby the strip 4 is gripped between the rolls
5-—T and 7—89.

By this means wlien the strip 4 is being wound
on-the drum (1 and moves linearly through the
rolls, it drives the roll 9, and is prevented from
slipping thereon and-thereby drives the shaft 12,
always -at a speed corresponding to the linear
speed-of the strip 4.

-The coil 86 at:its outside perimeter rests by
gravity  upon a pair of spaced cylindrical rolls,
{4—I15 of equal diameter, mounted on -shafts
{6—17. :The roll 14 is driven directly by power
supplied to the shaft 16; and by ‘means of like
gears 18—19 on the. shafts 16-—~17 meshed with
an- intermediate gear 20, the roll 15 is driven;
and therefore both rolls-14-—15 are driven at the
same 'speed -and in:the 'same :direction; and the
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4
rolls {415 rotatably drive the coil {8 by fric«
tional contact with its periphery.

The rolls {4 and {5 are part of a driving power~
unit shown generally at A and comprising a motor
21, running continuously at substantially constant
speed, a squirrel cage induction motor as shown
being preferred; and comprising a differential
gear transmission indicated generally at B, trans-
mitting motor power to the shaft {6.

“The transmission B comprises two’ differential
gearings C and D, preferably alike. The gearing
C comprises a spider gear element 23, rotatably
supporting pinion gears 24—24, meshed with two
differential gears 25and 26.

The gearing D comprises a spider gear element

-21, rotatably ‘supporting pinions 28-—28, meshed
-with two differential gears 29 and 30.

"A shaft 31 connects a gear 32 to the differential
gear'25; a'shaft 33 connects the differential gear
28 to a gear 34; and the:two gears 32 and 34 are
meshed - with-. an:-intermediate .gear. 35 on .the
shaft- 16. . _ .

The two -spider elements 23 and 27 are prefer-
ably-of the .same diameter, and. have teeth on
their perimeters, meshed. together -at 36; and a
pinion-37-on.a shaft 38 of .the motor 2f meshed
with the spider element 27; whereby the motor
drives. hoth-spider-elements 27—23, in opposite
directions at the same speed.

The differential gears-26—30-are connected re-
speetively by -shafts 39—40. to .electrodynamic
units. 41—42. having the construction. of direct
current -generators, o

-The generators have a local closed series load
cireuit . connected- to..their brishes, comprising
wires 43-—44.

The generators §1—42 are preferably alike and
have separately .excited field windings 45--46 re-
spectively .energized.at the same polarity from
direct current mains -47—48, through -rheostats
49—59; the. path. of the current for the field
winding 46 being from the main 417, through a
movable rotary contact 8! of ‘the rheostat 49 and
a part of its resistor 52 by wire 53 through a
rotary contact 54 of the rheostat 50 and part of
its resistor 55, by wire 56 through field winding
46 and back by wire 57 to the main 48; and the
currént path for the field winding 45. being from
the main 47 as before-to the contact 54 of rheo-
stat 80 and part of its resistor 55, then by wire 58,
through field winding 45 and -back by wire 59 to
the main 48.

‘At E is a differential gearing, comprising a
spider element 68, eratably supporting pinions
61—81, meshed with differential gears 62—83, the
differential gear 62 being connected to the shaft
{2 and driven thereby.

The .spider element 68 has peripheral teeth
meshed with a gear 64 on a shaft 65 connected
to a gear 66 meshed with a gear §7 connected to a
shaft’88; and rotation of the spider element §8
thus drives the shaft'68.

At F'is a brake mechanism for the wound drum
1, comprising a brake ‘drum’ 69 on the shaft 2, a
brake shoe 78 held against the brake drum 19 by a
pivotéd arm'7t and a spring 72 between the arm
and the brake shoe; and a cam 13 'on the'shaft 68,
upon- dlternate rotation thereof, rocks the arm T
to- broduce variable braking effect on the drum: 69
by the shog10.

At G is shown generally a speed reference unit.
It. comprises ‘a ‘differential gearing H having a
spider element 14, rotatably supporting pinions'15,
meshed with differential gears 76-—77; 'and com-
brises a variable speed transmission unit shiown
generally at I comprisinig a. pair of parallel shafts
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18—179 having expansible” and contractable bélf
pulleys 80-—81 splined thereto connected by a-belt
82, and operable to be: oppositely contracted and
expanded axially, by rocking levers 83—84 pivot-
ally supported at 85-—85 and engaging the:pulleys

80—81 on opposite sides of the pivots; ‘the levers

83—84 eXxtending beyond-the pulley 80 and en-
gaged with threaded nuts ‘8T--88 -on a*screw. 88
having right hand and left hand threads 90—91;
whereby. upon rotation of the screw 88, the nuts
87—88 will be propelled’ oppositely -along the
screw, ‘and the levers 83—84 will be oppositely
rocked, and expand the diameter- of one of the
pulleys 80—81 and contract that of the other, to
change their relative diameters: and speed. ratio.

A power input- motor: 82,  preferably one that
runs -at substantially constant speed, a sdquirrel
cage induction motor being preferred, is con~
nected to the shaft 78, through gears 93—2%4.:

The motor 92 runs contihuously, rotating the
shaft 78 at substantially constant speed and, by
the belt 82, drives the shaft 19 at different speeds
corresponding to- the relatwe cl1ameters of the
pulleys 80—8i.

The screw 89 is rotatable in alternate d1rect10ns
as referred to by a reversible adjusting motor 95
connected to it through-gears $6—87... Any. suit-
able motor and-reversing control therefor may be
provided, that shown comprising a.squirrel cage
induction motor 95, connected to.supply mains
98—89-—100, by wires. 101—102-—103 through for-
ward . and reverse push ‘button.contactors .104
and 105.

Normally the contactors 104 and 105 are open
and the motor 95 at rest... Upon closing one con-
tactor the motor 93 starts and runs-in one di-
rection and upon closing the other.it runs in the
other direction, the electrical reversing connec-
tions shown being conventional, and not requir-
ing description in detail.

‘The spider element 14 of the d1ﬁerent1al gear-
ing H is connected to the shaft 18, and the dif-
ferential gear 17 is connected to a chain sprocket
wheel 106; and the shaft 79 has a sprocket-wheel
107 connected thereto, alighed with the sprocket
wheel 106, and .2 sprocket chain 108 connects
the two sprocket wheels, 106 and 107... . .

The part of the variable speed transmission
shown at I will be recognized as one of the
“Reeves” type; but such a. transmission has been
chosen for illustrative purposes, only; and as such
is not an essential part of the invention; and it

will be understood that any other type of vari-.

able-speed-ratio transmission may be used with
which the mechanical. connections to the differ-
ential gearing E can be made and which has.a
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rotary speed ratio aclJustmg element correspond-‘

ing to the screw 89. .

The screw 89 has a gear (09 thereon meshed
with a gear 110 connected to one end of a.rotary
shaft 11, the other end of which is connected to
the rotary contact 51 of the rheostat 49.

60

The operation of the above deseribed apparatus :

will now be given.

As to the transmission part B, of the power umtv

A, a general description of such apparatus as a
reversing power unit may be found in the’ patent
of Lev A. Trofimov, Number 2464 ,275, -issued

65

March 15, 1949; and in view of that patent a -

brief description will suffice here, although here

one direction.

Current to the separately excited ﬁeld wmd-
ings 45—46, comes to the rotary contact 54 of
the rheostat 50 by the wire 53; and there divides;
going to the respective field windings. 45—46

75,

the direction of the torque output 1s always m_ 70.

6
through respectlve parts of the res'1stor ‘55,7 as
described.
‘For purposes of descr1pt1on 1t will here be first:
assumed that ‘the contact 54" is on some mid-

. point of the resistor 55, and that the two field

windings are eéqually energized, or at least ener-
gized relatively to cause the generators &1-—42
to produce -equal output voltages when driven: at
the same speed.

Preferably the two.d1fferent1al gearings C and
D are alike as to size of gears ete. " The spider
23 "applies equal ‘torques to thé gear 32 and to
the generator 41; and the spider: 27 applies the
same. equal torques.to the gear 34 and the gen-
erator 42." The gears 32 and 34 tend to be driven
in opposite directions, and, being subjected to
equal torques and bhoth meshed with the gear 35,
they apply their equal torqgiles to the gear 35 in
opposite ‘directions, and are held from rotating
thetreby; and the generators 4i—A42 therefore will”
be driven, and in opposite directions and at twice:
the speed of the spiders 28—27.' The generators
41—A2; generaté - opposite equal voltages in the
load circuit 43--44, and therefore no load cur-
rent flows; and all torques aie therefore negligibly
small, in these assumed idling conditions.”

'If now, more as in practice, the contact 54 be
rotated from- its assumed :-mid-position, clock- .
wise, as viewed in the drawing, energization of.
the field winding 45 will be increased and that
of winding 46 decreased; the voltage of the gen=
erator 41 will: exceed that of generator 42; and
load current will flow from generator 41 in the
load ecircuit 43—44 through the generator 42,
causing it to'act as a motor.

The generator 41, now being loaded, requires
more torque to drive it, and it takes ‘this in~
creased torque froin the spider 23, and an equal
increased torque is developed on the gear 32;
tending to drive it in the same d1rect10n as the"
generator 41.

“The generator 42, now 2, motor, develops motor
torque without changing its direction of rotation,
which is opposite to that of the generator. 41;
and this motor torque communicated to the gear
30 causes it to redact on the spider 21 and apply
the torque to differential gear 29 and gear 34 in
the direction opposite: to that of the assumed
idling conditions, thus tending to drive the gear
34 in the same' direction as the gear 32. The
torque of gears :32 and 34 are thus applied to
the gear 35 both in the same direction and the
gear 35 and the shaft [6 are rotatably driven
thereby; and, as described, the coil 10 is thereby
driven in the winding direction by the shaft 18.

From the foregoing it will be seen that if the
output shaft 18 be at rest of rotating at low
speed, the generator and motor speeds will be
high and the torque applied to the shaft 16 will
be high; and that at higher and higher speeds
of the output shaft-16, the torque apphed to it
will be’ corresponclmgly less and less; this being’
the. output torque—speed characterlstlc of the
unit A

For each certam speed of the shaft I6 there-
fore it delivers @ correspondihg certain torque;
and- the actual value of the - delivered certdin
torque may be changed by ‘changing the posi-
tion of the rotary contact 54.

Current to the field windings 45—46, at any
setting -of the contact 54, flows to' the contact
51 and -through part ‘of the resistance 52, of
rheostat 49, If the contact 51 be moved to cut
out some of the.resistance 52 it will mcrease the
fleld strength of generator 41 and increase ‘its:
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generated load current and: the-torque 1o drive-
it, and hence increase the torque on shaft 16"

as -described: . The torgue-speed: characteristic
above described will not be changed théreby, but
allivalues of delivered torque will be increased.

Thus -as will be apparent. from the foregoing,.
the torque of output shaft 16 may be kept at a
constant value for -different -certain speeds by °
movement of contact 54; and the actual ameunt .

of ‘said:constant torque value at such speeds-can
be changed by moving contact 5i.-
Assuming now that, as in practice, the power

unit: A is: running and that the rheostat 50 is:
adjusted- as:described to cause -the shaft 18 to.
apply - torque to the ‘coil 80 through the rolls
14-—1{5 to drive it; the strip 4 will be drawn from:.
the coil 8, and .will drive the roll:8 and thereby -

shaft 12 and differential gear 82 of gearing E.
The gear 62 reacting on the differential gear
§3 'will drive the spider 60, and, through the

73 of the brake mechanism F.in-the direction to

exert more braking action on the brake drum €8.:

In the absence of any corrective provision,; this
would slow down the strip speed more and more,
and slow down the drive shaft 16 at the unit A
more and more and cause the torque at shaft 46
to rise more and meoere and develop continuously
iricreasing tension in the strip 4.

However, in-practice, the ‘unit G is also in
operation; being driven: by the motor 92.!

The
shaft 18 thereof rotates the spider 74 of the-
gearing H, directly, and: rotates the differential

10
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gears 64, 85, 67 and shaft 68, -will:rotate the cam

25

30

gear 11 at a speed determined by the rotated

position of the screw 88 of the unit I;.so that the-

differential'gear 78 of thegearing H has a corre-
sponding rotary speed, and it rotates the differ-
ential gear. 63 of the gearing E-in the direction

opposite to that of the differential gear 62 driven:

by the strip 4.

The speed of differential gear 16 may be ad-
justably changed by changing the.speed of gear
11 and this is done by rotating the screw &% of
the unit I by momentarily closing either the con-

tactor 104 or the contactor i95; and thereby the

35

40

speed of differential gear 78 'and: €3 connected

together; may be increassd or decreased. This

may be considered as a pre-set adjustment, and -

when the speed:of the differential- gear 82, of
the unit'E is equal:to the speed of the gear: €3,

the spider- 68 will cease to rotate and the: brake .

action will stop changing, and thus: a constant
adjusted or pre-set speed of the sirip will be
maintained.

When winding of the strip:begins, a ‘desired’

speed ‘and tension for the strip may be chosen.

50"

55

The power unit A by its output shaft (8, draws -

the strip 4§ from the-coil 3, and produces tension-

in the strip due to the said braking action. The
speed of the sirip 'may be adjusted as desecribed
to the chosen value.
at -that speed may be adjusted-to the chosen

value by adjusting the rheostat 58, and the strip -
will then have the chosen speed at the chosen:

tension.

If now it be desired to change the speed of the -

The tension in - the strip:

60

65"

strip ‘without changing the -strip tension, this is .-

provided for as follcws.

When the unit I is adjusted, by rotating the :

screw 88, say to inecrease the speed of the strip
it increases.the speed of differential gear 76

dy

70 -

and §3, and the spider: 68 rotates and this turns -

the cam 78 in the direction to reduce the brake

action of the brake unit F to allow the strip to -

have a greater constant speed:

%

. characteristic.

8'2

In the: absence ofi:other: provisions, this in=
crease of strip speed would cause the output shatt
16 of ‘power unit A: to increase.in: speed, and-its-
torque to fall, because:of the said torque-speed
That .can then be compensated
for, by ‘turning: the:rheostat 49 to increase the
torque ‘as described. For convenience, the con-
tact 81 -of rheostat 49 may be connected by a
shaft 111 and gears 1{0—189 fo the adjusting:
screw 89; so that turning the secrew 89 to increase
the: strip speed also adjusts the rheostat 49 to:
restore the torque or maintain it and maintain’
the strip tension.

Knowing the speed-torque characteristic of the

‘power unit ‘A, and-the change of strip speed for:

each turn of the screw 83, the ratio of the gears
{09—1t{0 and the resistance of the resistor 52
per unit of length’ is readily predetermined so -
that rotation of -the screw-83 hy an increment
to-increase the strip speed as aforesaid, is accom-~
panied by a concurrent compensating increment
of movement -of the contact 5! in' the torque
increasing direction; which resulls in maintain-
ing the torque without change st the increased

strip speed; and ‘the unchanged- torque results

in unchanged or constant strip tension; and this
obtains ‘throughout the winding' operation; and
throughout the increase of diameter of the -coil
88 because the torque-is always applied tangen-
tially to the coil.

If now it be degired to change the strip ten-
sion at any adjusted strip speed, without chang-
ing the speed, the rheostat 58 is adjusted by
rotating the contact %4 in one direction or the
other, which, as explained above, due to the
torgue-speed characteristic, changes the torque -
of the output shaft 6.

if, for example, the torque of the shaft {6 be
increased in this manner, it tends momentarily
to increase the speed of the strip 4; but any
increase ‘of strip speed will increase the speed
of the roll 9, shaft 12 and differential gear 2.
Differential gedr 63 is running at a fixed speed
determined by adjustment of the unit I; so that

now the spider 80 is rotated by the difference

of speed of the gears 62 and 63 and operates
the .cam 13 to increase the braking action. at
the unit F, until the differential gear %2 'is ro-
tating again at the same speed as the fixed speed
gear 63, whereby the strip speed is maintained
without change but now at increased tension.

“Thus, in' general, by adjusting the unit I at
the push button contactors 184 and {83 to speed
up or slow down the strip, the strip speed can
be adjusted to any desired speed, and for all
strip speeds, the strip tension will remain con-
stant; but the strip tension can be adjusted at
any speed by the rheostat 50.

A wide range of strip speed adjustment is
provided by the unit G, because .the speed of
the differential gear 77 can be changed to any
speed from zero to a high speed by adjustment
of the speed ratio of the belt pulleys £89—84& .
through. a practical range of only 4 to 1.

A wide range cof tensions is also movﬁed by
the rheostat 50.

In Fig. 2 is illustrated, another means, or modi-
fication, for braking or resisting rotation of: the
supply coil 3 for the described purposes.

Two differential gearings indicated generally at. -
J and K constitute g transmission, and are part
of a braking unit indicated generally at M:

The gearing -J comprises a spider element {12
rotatably -supporting - pinions i{{3—}13 ‘meshed:-

with-differential gears; 1 i§~~115. - The gearing K
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¢éomprises 4 spider element 116 rotatably sup-
porting pinions {1T—{#1 meshed with differen-
tial gears [ 18—119. The splder elements | 12—118
have peripheral teeth meshed at-120. The gears
1{4 and (18 are connected respect1vely to gears
121 and 122, both meshed with a gear 123 con-
nected to the shaft 2 of the strip supply drum I.
The gears {15 and |19 are connected respectlve-
1y to units 124—125 constructed like direct cur-
rent generators or motors and at this point the
unit 124 will be considered as a generator, and
the unit 125 as a motor. The generator 124 has
a closed local series load circuit connected to its
brushes, comprising wires 126—I121. The gen-
erator 124 may generate current in.the load cir-
cuit which includes the motor 125 in series to
drive it. ‘ ‘ ,
The generators 124 and motor 125 have sepa-
rately excited field windings 128—129 respectively
energized from direct current mains l30-——-l3|
through a potentlometer type rheostat 132, com-
prising a resistor 134 and a rotary contact 133.
Current from the main 130 goes to the rotary
contact 133, and there divides, and part going
through one side of a resistor 134 of the rheostat,
by wire 135, to the field winding 128, thence by
wire 136, to the main I3I and the other part
going throuch the other s1de of the resistor 34,
by wlre 131, to the field winding 129, and thence
by wire 138, to the main i3f. The rotary contact
133 is connected to the spider 60 of gearing E
through shaft 139, and gears 67, 66, 64.
~ For some mldpomt of the contact 133, the
two fields 128—i29 are equal, or balanced, - to

cause the units 124—125 to develop equal poten-

tlals and at othe1 pomts the voltage of one is
greater than that of the other.

- The shaft §2 goesfrom the roll 9 to the dlffer-
ential gearing E, as 1t does in Fig. 1 and drlves

.the differential gear 62 thereof as in Fig.. 1;
the spider 60, and the gears 61 to 6T all being
reproduced from Fig. 1,

A motor 140, preferably a squirrel cage induc-
tion motor as shown is mechanically connected
to the spider 116 by a pinion {41 driven by the
motor 140 and meshed with the sp1der and is elec—
trically connected to mains 142—142,

In general, unwmdmg of the str1p 4 from the
drum 1, rotates it and its shaft 2, and by means
of the gearings J—K, the power supplying motor
140 is driven as a generator and supplies power
back to the mains 142, and a hold-back load

. torque or brakxng action is- thereby effected :on
the shaft 2 and drum I.

The generator 149 has the construction of a

:squlrrel cage mductmn mofor which could be
driven as a motor by alternating current from
the mains 142—142; but as is well known when
such a motor is mechanically driven above syn-
chronous speed, the curve of torque to drive it
rises very steeply, very much the same as the
output torque curve rises when it delivers power
as & squirrel cage motor and is mechanically
loaded to_ reduce its speed below synchronous
speed.

Other types of electrlc generators, D C. or
A. C. may be employed as the generator Mo but
a squirrel cage induction motor type is-pre-
ferred because of its simplicity and its rapidly
rising torque as aforesald when drlven as a gen-
erator. -

For purposes- of explanatlon it w111 first be as—
sumed that the fields of the units 124-—125 are
equally energized by their fleld windings I28—I 29
by. some midposition.of. the rheostat contact 133;
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10
and the drum ! and shaft 2 are at rest;.and that
the unit 140 is connected to the mains {42—142
and runs as a. motor and drives the two splders
116—112 in opposite’ directions.

Torque from the spider 112, under these as-
sumed cond1t10ns d1v1des equally between differ-
ential gears [id and (15; and. torque from. the
spider . HG likewise divides’ equally between dif-
ferentlal ‘gears 118—IiT.

This tends to dr1ve the connected pairs of
gears 114—i2i and 118—({22 in opposite direc-

tions-the same as the spiders {12—I1186, but the

gears 121—122 being both meshed with the gear
123, no. rotatlon occurs; and the units 124—125
are driven in oppos1te d1rect10ns, and ab twice the
speed of the spiders, 112—Ii16.

The umts 24125 havmg equal fields, under
these assumed cond1t1ons, their output poten-
tials are equal and opposite, and no load current
flows in the load circuit 126—I27 and no torque

is developed at the units 124—125.

All torques in. the transmlssmn under. these
assumed condltlons, are negligibly small, and the
motor 140 will run at substantlally synchronous
speed. .

If now the rheostat contact 133 be moved
counterclockwise as Vlewed 1n Fig. 2, to a pos1-
tion at the left of sa1d mldposmon at whlch the
field winding | 28 of unit . (25 W111 be energlzed
more. strongly than the winding. 128, of umt 124,
the unit 125 will act-as a generator and generate
current in the c1rcu1t 126—121 and dr1ve the unit
124 as a motor.

Torque is requ1r_ed to drive the, loaded genera-
tor 125 and is taken from the ‘power drlven
splder 116 drlvmg the gear 19, and an equal
torque consequently 1s developed on the gear 118
ahd its connected gear 122, the latter applying
its torque to the gear 123, shaft 2, and roll i,
and in the direction to dr1ve the roll in the for-
ward or unwmdmg dlrectlon or. clockw1se as
viewed in Fig. 2.,

The generated load current gomg to the motor
124 drives it as a motor and its developed torque
on the gear 115 reacts on the spider 112 and
develops an equal torque on the gear (14 and its
connected gear 121, the latter applymg its torque

_to the gear 123, and shaft 2 in the direction to

also drive the 1011 4 in the forward or clockwise
direction of Fig. 1.

This forward drive of the roll | results as afore-
said from a pos1t10n for the contact 133 counter-
clockwise from its midposition; and the contact
133 will be moved to this position as sgon.as the

“apparatus is started up because until the roll 1

begins to rotate clockw1se the speed—set gear 63
of‘gearmg‘ E wil rotate faster than gear 62;
and the action of the spider 60 of the gearing E

will rotate the contact 133 : counterclockwise as

will be understood from . the descrlptlon herem-
before; :

This counterclockw1se rotatlon of the contact
133 effects more and more driving torque on the
roll | -and coil ;3 and the latter rapidly speeds
up toward a speed for the strip, at, which the
speeds of the gears 62 and 63 of gearing E would
become equal, and the contact 133 would stop

’movmg counterclockmse

If the contact 133 were to come toa pos1t10n

.correspondlng to whlch the roll |- and. coil 3

and strip 4 being wound on .the roll A1 would
go. so. fast that .the gear. 62 at the gearing E
(whose speed .is. controlled by the strip speed)

.would go faster than the gear 63, the. spider- 69

Would reverse and. move the. contact 133 clock-
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‘wise -dnd- reduce “the forward dnvmg “torue -on
the roll and the pmkrer driven spéed of ‘the roll.

The contact (33 ‘thus tends to comnie to -the
mid position at which 1o ermg ‘power would
be apphed to ‘the roll ', but does not ‘actially
do 'so because the power umt: A wmdmg the- stnp
‘on the roll-{1 constantly tends to-cause” “the gear
‘62 to-go faster thamn the gear 63 and-the' contact
133 therefore will always come ‘tor“a -counter-

-¢lockwise position, corresponditiz to‘a forward ‘i

‘power driver: speed for the roil f, at which the
tangential speed or strip’ sbeed therefrom, is' Tess
than the speed of the strip beirig wo'und on
the roll #f. The stnp therefore overhauls the
‘roll 't and ‘the roll ‘'t is-strip=driven faster than
it tends to be power-driven. -~This “causes “the
mechanism M to exért braking -action 6f the
stnp and causes tension to-be developed in it
as follows.

Overhauling the roll* and mcreasmg its speed
above that produced by "the power supplylng
‘motor ‘40, causes the-gears I'H-—ﬂ4 ‘gnd ‘the
gears 22—t fB to be driven-in the smne d:recmon
by the-gear 123. The spider {12-is driven op-
positely to the spider [16. The spider +F6 1s
driven in the same-direction ds the gears l2l—ll4
ahd the spidér (12 oppositely ‘to ‘the ‘geais
4211 (4. Thus the gear Hi5 and unit F24- will
be driven in the'same direction” as the spider f12.

Thus the spider (12 arid the unit (24 will' be-

driven in the same’ directiony, and the unit ‘24

will act as a generator and dnve the'unit (26

as a motor. v »
Torque to-drive the generator 24 contes’ from

the gears 121—1423 and is supphed by the over-:

hauling roll | ‘and teénds to retard it exerting
4 braking action theréon:.

The motor 25 applies torq’ue tothe gear ‘P19
to drive:it. The gears 122=<f18 are beitis driven
“By the overhauling roil F.
118 therefore react on the: spider #16 to -over-
drive it in the same direction it is-being -driven,
and: this drives the motor' {48 above synchronism
and it becomes 'a; generdator’ supplyitig current
back into the: line: 142. The tordue to thus over-
drive the motor (46 comes from- the‘mator (25
and from the gear 22, and the to‘rque of “the
latter comes’ from the roll { and tends o retard
it and also exerts' o’ braking’ actlon' thereon.

Braking action by the unit M 'as*'a Whole is §

thus developed by power driving’ the roll'f at
‘o relatively low “speed but’ overHdulinig By “the
strip- at- a higher speed, against the epposmon
of the transmission and: against:the driving™-of
the power motor 40/ as:/'a -geneérator.

As aforesaid, upon startitig’' up’the apparatis,
the coil 3 is power-driven to- accelerateit’ and
bring it up- to the speed of operation. This
is one of the particular advantidges’ of the in-
vention in: another dspect:

In some cases, the roll 1 and the coil 3 thereon
may be: of very great weight and: inertia; ‘and
-it would" be undesirable to' subject: the strip“to
the tension that would be' produced thereon- by
the winding unit-A to start- and dccelerate the
roll’' {.. By the operation above- ‘deseribed in-cori-
nection with the braking actlon of the unit M,
the roll | is power driven to'start ard- accelérate
"it; ‘and the ‘greéater its 1nert1a and the inore

slowly it tends to- aceelerate, “the greater - the:

aceelerating: power apphed to! it.

“With- either bra:kmg mechamsm that ‘at ' F,
‘Fig. I, or that at M, F1g 2as the coil’8 Becdmes
of sma,Her radius-due*to uriwinditig, tension in

-the" strip* would increase if’ the regulated‘ brakife -
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‘torque remaited’at o fizxed value; but sueh: in-

crease of strip tension will tend to- slow ‘dowa
the strip as described for ‘Fig. 1, and ‘this will
‘adjust the brakmg -action -to a smaller amount
as described, so that ¢éhanges of - strip -tension
due to décrease of diameter of the -unwinding
coil 3 are automatically prevented.

Changes of diameter of winding -coil ‘80 as
Wlndlng goes on ‘has no- effect beecause it is
drlven at its circumference as-deseribed.

In the foregoing the invention has been de-
scribed as winding strip material as it comes from
a supply wound on'a drum:; and braking mecha-
nism, in the operation  of the ihvertion, dets
on the drum. Theére are ¢ases in which it -is
desirable to wind strip- material ‘coming from
sources of strip supply other than a wound druny;
and to eXert braking action thereon as aforesaid.

In Fig. 3 is illustrated, fragmentarily, ohe siuch
modification of the invention.

The strip 4 as at’ 4A comes from- any source
or supply of ‘strit; and on its way to the above
deseribed tier of rolls 5—1—<9 of Pig. 1 is gripped

‘by a similar or like tier of rolls {43—{44-—{45,

‘The strip 8 -is drawn through tle rolls: as

‘it is wound on-the drum f1 by the mechahism
~of Fig. 1 and drives the roll 145 in the Same

manner as it drives the roll & as desciibed:
The shaft 2 is' eonnected at’ ore end to' the

‘roll 145 and- driven thereby; andat tHe other

end Ras differential connecﬁlons ‘with ‘either: the
braking unit F of Fig. 17or the braking unit

‘M of Pig. 2, as described for the shaft 2 of

those figures.

The shaft (2 driven by the roll 9 is connecﬁed
through the géar- 62 to the: parts- deséribed in
Fig. 1.

Braking action is' éxérted on the shaft- 2 and
roll 145, whereby winding the strip én' the drum
{1 develops ' strip: ténsion; : and * the - operation

‘otherwise is the same as that of Fig. 1 or Fig.-2.

As to the power supplying motors- 24 and 92

“of Fig. 1; and the’'motor (4§ of Fig. 2 when
‘braking is to be donie by the unit-M; they will

in general be started ahnd brought up to full

“speed all’ at the same time in which event the

respective supply wires to the motors mdy all
e connected to a common supply - of - current
through a well known common motor starting

" contactor or apparatus;, not shown.

However the motors have been shown as hav-
ing separate current supply conductors as in-

‘ dicating that starting contactors or other start-

ing apparatus may be provided’ individually for
‘each motor and the motors therefore started and

I claim:
‘1. A strip material winding apparatus, com-

" prising; a ‘winding drum adapted to be" drlven
by power to wind strip material “thereorn; a

rotary ‘element arranged to be’ rotated by the
strip as it is beihg wound; brake wiéchanism
braking rotation of the: rotary- element; mécha-

‘nism responsive to the linesar speed of the strip

as it is heing wound and controlling the brake

'mechanlsm to increase the brakitie. gction | upon

an ‘incréase of strip -speed afid to' decresse it

“upon: a decrease of strip speed.-

2. A strip ‘material winding mechanism éom-
prising; & winding drums; g power unit’ applyifig
torque to the drum to drive it to wind* strip

- miaterial thereon; s rotdry’ elément atranged to
“be Trotated by ‘ﬁhe stript bémg ‘weind; brake
‘ mechanism braking' rotétion” of the: rotary”

-mient, whereby” said ‘torque”'protiucts” tevsion jn
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the strip; mechanism responsive-to .changes of
linear speed of the strip above or below a pre-
determined value as it is being wound, and con-
trolling the brake mechanism to.respectively in-
crease and decrease the braking action upon a
tendency for the strip speed to increase or de-
crease above or below said predetermined value,
effective to maintain the strip speed at said
predetermined value.

3. A strip materia] winding mechanism com=-
prising; a winding drum; a power unit' applying
torque to the drum to drive it to wind strip
material thereon; a rotary element arranged to
be rotated by the strip being wound; brake
mechanism braking rotation of the rotary ele-
ment, whereby said torque produces ‘tension in
the strip; mechanism responsive to changes of
linear speed of the strip above or below a pre-
determined value as it is being wound, and con-
trolling the brake mechanism to reéspectively
increase .and decreage the braking action upon
a tendency for the strip speed: to increase :or
decrease above or below - said predetermined
value, effective to maintain the strip speed at
said predetermined value; the mechanism com-
‘prising adjusting means to adjust the prede-
‘termined value of speed to which it responds;
and adjusting means to adjust the torque of the
powér unit to cause it to maintain constant
tension in the strip at all predetermlned speed
values.

4. A strip material winding mechamsm com-
prising; a winding drum; a power unit applying
torque to the drum to drive it to wind strip ma-
terial thereon; a rotary element arranged to be
rotated by the strip being wound; brake mecha-
nism braking rotation of the rotary element,
whereby said torque produces tension in the sfrip;
mechanism responsive to changes of linear speed
of the strip above or below a predetermined value
-as it is being wound, and controlling the brake
mechanism to respectively increase and decrease
the braking action upon a tendency for the strip
speed to increase or decrease above or below said
predefermined value, effective to maintain the
strip speed at said predetermined. value; the
mechanism comprising adjusting means to ad-
“just the predetermined value of speed to which
it responds; and adjusting means to adjust the
torque of the power unit to cause it fo maintain
constant tension in the strip at all predetermined
speed values; and a connection between the two
adjusting means for effecting an adjustment of
the torque concurrently with an adjustment of
the predetermined speed value.

5. A strip material winding mechanism com-
prising a winding drum for winding strip ma-
-terial in a coil thereon; a power unit applying
-torque to the periphery of the coil to wind the
strip material; brake mechanism braking move-
ment of the strip toward the drum, whereby the
said torque produces tension in the strip; -auto-
matic speed responsive apparatus causing. the
braking action to vary in response to tendency of

strip speed to change, effective to maintain the

strip speed constant;.the: power unit comprising
means to cause the drum-applied torque to be
constant, at constant drum speed effected by said
constant strip speed, to maintain the strip ten-
sion constant.

6. A strip material winding mechanism com-
prising a winding drum, for winding strip ma-
terial in a coil thereon; a power unit applying
torque to the periphery of the coil to wind the
strip material; brake mechanism braking move-
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ment of the strip toward the drum, whereby the
said torque produces tension in the strip; speed
responsive apparatus causing the braking action
to vary in response to tendency of the strip speed
to change, effective to-maintain the strip speed
constant, and means to adjust the speed respon-
sive apparatus to change the constant speed; the
power unit comprising means to cause the drum

applied torque to-be constant -at constant strip

speeds; and. compnsmg means to adJust the con-

stant torque. -

7. A strip materlal wmdmg appara.tus com-

prising: a winding drum; a power unit applying

torque to the drum-to drive it to wind strip ma-

terial thereon; a rotary element arranged to be
driven by movement of the strip material toward
the drum; brake mechanism braking rotation of
_the rotary element; a speed reference ynit having

a rotary output element rotating at a fixed speed;

a -differential -gearing comprising three gearing
elements; one element driven by the output ele-
ment of the speed reference unit; means driving
another element at speed proportlonal to the strip

‘linear speed and rotation of the third- element

controlling. the eﬁectlveness of the brake mecha-
nism.

8. ‘A strip materlal wmdmg mechamsm com-
prising a winding. drum, a power unit applymg
torque to the drum to drive it to wind strip ma-
terial thereon; brake mechamsm braklng move-
ment of the strip toward the drum whereby said

torque produces tension in the strlp, a speed ref-

erence unit having a rotary output element ro-
tating at a fixed speed, and an ad;;ustment means
to adjust the fixed speed; a strlp driven rotary

.element driven by _hnea,r‘mo_vement of the strip

toward the drum, at speed proportional to strip
speed; a control for varying the effectiveness of
the brake mechanism responsive to the differ-

“ence of speed of: the speed reference output ele-
.ment and the strip driven element; the power unit

comprising ‘electric winding means, the degree
of energization of which controls the value of

.said_torque applied to the drum; ad;ustment

means for adjusting the energlzatlon of the wind-
interconnection means between the

and the ad;;ustment means of the w1nd1ng means,

- whereby a change of adjustment of one effects a
,,.concurrent change of adJustment of the other

9, A strip material w1nd1ng mechamsm com-~
prising a winding drum; a power umt applymg

torque to the drum to drive it to wind stnp ma-

terial thereon ‘brake mechamsm braking move-
ment of the strlp toward the drum whereby said
torque produces. tensron in the strip; a speed
reference unit having a rotary output element
rotating at a fixed speed, and an adjustment
means: to adjust the fixed speed; a strip-driven

.rotary element driven by linear movement, of the

strip toward the drum, at speed proportional to
strip speed; a control for varying the effectiveness
of the brake mechanism responsive to the differ-

.ence of speed of the speed reference output ele-
. ment and the strip driven element; the power unit
.comprising: electrlc winding means, the degree

of energization of which controls the value of said
torque applied to the drum; adjustment means
for adjusting the energization of the winding
means; interconnection means between the ad-
justment means of the speed reference unit and
the adjustment means of the winding means,
whereby a change of adjustment of one effects
a concurrent change of adjustment of the other;
and a second adjustment means for changing
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the " etiergization: of “the: windihg: means; indeé-

‘pendently of: the said interconnected adjustment -

Imeans..
10: A strip- winding: apparatus .comprisiig: a
winding:drum; a; power: unit: applying torque ‘to
the:drum to drive-it to wind:strip material there-
on; a rotary:element rotated by the:strip being
wound; brake-mechanism braking rotation.of ‘the
rotary. element; whereby said-applied torque:pro-
ducestension in.the strip; asstrip-driven element
rotatably driven by the linear movement of the
strip toward:the drum at rotary-speed propor-
tional to the strip linear speed; a’power- driven
speed:reference mechanism-having: a: rotary out-
put: element: adjustable to-different selected fixed
rotary speeds; means-controlling the 'braking -ef-
fect of the brake mechanism: responsive: to the
difference of rotary speedsof the:strip-driven-ele-
ment - and the speed reference-output’ element.

11. A strip material winding apparatus compris- ¢

ing a power:supplying unit; applying térque-to-a
winding drum. to wind-a- coil of  strip material
thereon, and constructed- to: deliver: different
values:-of "constant torque-at different constant
speeds; and comprising means to adjust the-con-
stant torque value at any constant speed; brak-
ing apparatus-braking: movement of ‘the strip to-
wardithe winding: drum-whereby torque applied
to:the-drum: produces tension in:the-strip; strip
speed responsive apparatus -causing-the:braking
action: to increase- and: déecrease-in: accordance
with-tendency of the strip speed:to increase and
decrease: to-maintain the -strip speed - constant,
and' comprising adjusting means- to -adjust the
constant strip -speed.

12, A- strip material winding: apparatus com-
prising a power:supplying unit;, applying:torque
to a'winding drum to wind a. coil ofstrip-material
thereon; and constructed  to: deliver different
values-of constant torque at- different constant
speeds, and comprising ‘means to adjust-the:con-
stant torque value at any constant speed; brak-
ing- apparatus braking movement of the: strip
toward the winding: drum whereby: torque: ap-
plied to the-drum produces tension in-the strip;
strip speed responsive apparatus: causing the
braking action- to increase and' decrease in ac-
cordance with tendency-of the strip speed' to in-
crease and- decrease-to maintain the strip speed
constant;, and comprising adjusting means to ad-
just the constant strip speed; the power: unit-ar-
rangedto apply the winding torque tothe periph-
ery of the coil being wound on the-drum; whereby
the apparatus winds the strip at adjustablecon-
stant speed’and adjustable constant tension:

13. An apparatus for winding strip. material
in a first rotatably supported coil-and unwinding
it from a second rotatably supported coil; com-
prising: a motor driven transmission- having a
rotary output element arranged to apply wind-
ing torque to the outer periphery of the firstcoil;
the transmission having a torgue-speed clrarac-
teristic according to which the torque applied by
its output element decreases with increase of’its
speed and vice versa; brake mechanism:for vari-
ably braking unwinding rotation of the second
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coil. whereby torque:on:thefirst coiliproduces feni=
sion inthe-strip;.a-power:driven speed reference
mechanism: having: acrotary: speed element.and
adjusting means: to:adjust the speed of the:speed
elementrandmaintainiit.at constant selected fixed
speeds;. a..speed responsive: rotary element and
means:.to.rotate it-at speeds corresponding to the
linear: speed. of the strip; alternately rotatahle
means for increasing and decreasing the braking
effect of ‘the:brake:mechanism:and:driven differ-
entially: by the:speeds of:the said.speed element
and: the:said’speed. responsive :element;: and:the
transmission: comprising -means.. for- adjustably
varying:the torque:of its output element.

14. The apparatus.deseribed:in claim-13:andin
whiechi;: the:brake mechanism: comprises-a. . brake
drum driven:by the:second coil and:a brake shoe
frictionally  engageditherewith,; and -mechanism
interconnecting:the hrake shoe and:the alternate-
ly:-rotatable -means;. effective to: alternately:in-
crease:and deerease. the:engagement friction; re-
sponsive-to -alternate :rotary: movements:of..the
alternately:rotatable means. .

15:: The: apparatus:described: in.claim, 13 and
in:which the brake:mechanism comprises:a. power
driven braking transmission:-having . rotary. out-
put:element, .arranged to:.apply: retarding:torque
torthe:second-coil.to-yieldingly:oppose: unwinding

rotation thereof; .and the:braking transmission

comprises :means. responsive: toalternate: move-
ments of the alternately rotatable means effective
toincrease and: decreassithe retarding: torque.
16. In .a;:strip: material. winding apparatus,. a
winding: drum driven:by: a:first:constantly run-
ning motor-through:a:first transmission. to wind
stripom:the: drum; the:first; transmission: being
responsivesto apply. first motortorque:to.the drum

that- decreases:as-the: drum :speed. increases.and

vige versa; a.firstirotary element;and:a:.second

‘rotary: element: each; constrained. to .rotate.at.a

speed corresponding:to:the :speed of:the strip to~
ward-the drum; a: second:metor of: an- electric
type-that:canbe:.overdriven: and:develop eleetric
load- in a: supplys liner connected: thereto;. con-
nected to the first-rotary; element through:.a.sec-
ond transmission; a:speed responsive mechanism
operated by:the:second rotary-element; the:sec-

.ond -transmission arranged:torapply:electric.mo-

tor - torquer: to: the: frst: rotary: element . in: the

-strip-moving:direction to:aceelerate it:when the

strip- starts:tomove; -and-the second: transmis-
sion: beihg ' respomsive: ton. the: speed: responsive

‘mechanism to:tendito-diive:the: first rotary: ele-

ment-at: speed: less.than. the speed: of: the: strip
when the strip is:moving: toward. the: winding
drum; to- cause: the-fitst rotary: element:to be
overdriven: by-the strip; and:the:second:trans-
mission: then beihg:responsive: to.drive the:elec~
tric- motor: as- a, generator; to.cause:the: first-ro-
tary-element: to: be-retarded:and: exert: braking
action on: the:strip; whereby:tension:is: developed
in:the strip-by the winding: drum: driving.motor
and first’ transmission:
LEV: A: TROFIMOV.
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