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- UnITED STATES PATENT OFFICE.

CHARLES G. CURTIS, SCHUYLER S. WHEELER, AND FRANCIS B. CROCKER, OF
NEW YORK, N. Y.; ASSIGNORS TO THE C. & C. ELECTRIC MOTOR COMPANY.

ARMATURE AND PROCESS OF AND APPARATUS FOR FORMING THE SAME,

SPECIFICATION forming part of Letters Patent No. 359,205, dated March 8, 1887.
Application Oled July 2, 1886, Serial No. 206,907. (No model.}

To all whomy it may concern:

Be it known that we, CHARLES G. CURTIS,
ScHUYLER S. WHEELER, and FrRANCIS B.
CROCKER, of the city, county, and State of

s New York, have invented a new and useful
Armature and Process of Winding or Form-
ing Armatures for Dynanmo-Electric Machines
and Electric Motors, of which the following is
a specification.

Heretofore the ordinary way of winding
armatures has been to build up or form the
iron core in the desired way, and after pre-
paring it to receive the winding by covering
the iron with someinsnlating material the in-

15 sulated wire which foris the winding is wound
directly upon the core itself by hand. The
process of winding the wire fuw the casé of

Siemens armatures is a very long and difficult

one, because the winding necessarily becomes

20 veryirregular, and it is also very difficult and
expensive in the case' of Gramme rings, be-
cause the end of the wire or the reel from
which the wire is taken has to be passed
through the - ring once for every convolution
25 wound. : . _

In an application filed Ly said Curtis.and
Crocker in the Patent Office on the 4th day of
March, 1886, Serial No. 194,020, we have de-
scribed an armature-winding consisting of a

3o flat copper wire, ribbon, or strip wound on
edge upon the iron core, so that its width or
greéater dimension stands radial to. the cone.

By means of this form of winding we are en-

abled to construect an armature havinga given

35 resistance which is composed of a very much
greater number of turns than-would otherwise
be the case,and which is formed of only a sin-’

gle layer of winding. .

Our present invention can beapplied to.any

40 kind of wire. winding; but it is especiallf ap-
plicable to this form of winding, and enables
us to produce such armatures as well as other
forms of winding with great rapidity and at,
an enormously-reduced cost, and it also en-

"45 ables us to form windings composed of a very
much thinnerribbon orof wires of other shape
which could not be done in any other way.,

" Qur invention consists in forming the wind- .

ing or conducting part of the armature by

.o windingthe copper wire, ribbon, or eondugtor

c

upon & mandrel or form of a proper shape,

‘slipped onor transferred to the core.

-showing another method of winding the wire

the winding transferred to the core.

and then removing the continuous spiral or
winding so formed from tlic form and trans-
ferring it to the iron core, which -has previ-,
ously been prepared to receive it.

Several different ways of earrying on our
process are illustrated in the accompanying.
drawings. ,

Figuare 1.is a top view showing one form of
machine for winding the copper wire or rib-
bon upon a mandrel according to our inven-
tion. Fig. 2 is a horizontal projection of the
same, showing the winding-arm in section.
Fig. 3 is the corresponding view of the wire
guide or eyeontheend of thearm. ¥ig. 4isa
view of the armature-core prepared ta receive
the winding and showing the winding partly
Fig. 5is
atop viewofanotlier form of winding-machine,
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0.
uponthe mandrel. Fig.6isanend,and Fig.7a !
side view of the same. Fig. Sisatop view, and
Fig. 9 an end view, of the same form of wind-
ing-maching, showing our method of prodncing
a raised or projecting convolution at every
comimutator section. Fig. 10 shows our wind-
ing formed withsuch projecting convolutious,
which lias been removed from the mandrel.
Fig. 111s an end view showing a portion of
Trigs. 12
and i3 are topand end views with-still another
form of winding-machine in which a round
mandrel isemployed. Figs. 14and 15show the
same form of machine employing a flab man-
drel. :

We shall first describe the winding appara-
tus shown in Figs. 1, 2, and 3 of the drawings,
A represents a form or mandrel of the praper
shape—that is, having the same shape and
cross-section as that of the iron ring which
forms the armature-core, or the sameshapeas
that of the winding itself when the winding is
in place upon the core. This form of mandrel
is mouuted in a windiug apparatus—such as
the head and tail spindlesof alathe—sa that it
can be revolved on its axis at the desired rate.
One end of the mandrel has attached to it a
eollar,a, which forms a shoulder,against which
the-wire begins to wind, and actsas aclamp to
hold the end of the wire. 'The machineisalso 100
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provided with a slide or carriage, B, upon

| which is mounted a verlically-pivoted arm, C,
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and which is moved along parallel to the man-
drel at the proper rate, like an ordinary slide-
rest, by the feed-serew D, which is properly
geared to'the head-spindle . The arm Cex-
tends across and rests upon the mandrel A,
being pressed downward by the weight F, sus-
pended from the arm, and being pressed side-
wise against the convolutions of wire that are
already wound by the spring G. Where the
arm projects across the mandrel it is grooved
out to form a shoulder, ¢, against which the
wire rests while the arm is bending it to con-
form to the mandrel, the wire being fed into
this groove through an eye, I, in a suitable
guide on the free end of the arm.

Inusing an ordinary ipsulated or naked wire
or & flat wire or ribbon wound on edge, as the

15

drawings show, the operation of this machine-

is a8 follows: The end of the wire K is passed
through the eye I into the groove under the
shoulder c,andattached to the mandrel close up
tothecollara in any convenient way,suchas by
‘hooking it in aslotin thecollara. The down-
ward pressure of the arm C is then adjusted
a5 »o a8 to be sufficient to bend, the wire to -the
shape of the mandrel, and the tension of the
spring G is adjusted so as to cause the arm to
press sidewise against the flat ribbon with suf-
ficlent force to compel it to remain in an up-
3c right position.
turning in the.direction: indicated by the ar-
row, end the wire is wonnd on by tlie arm C,
which rises and falls asthe flat mandtel turns,
-and is fed along so as to-exactly keep -pace
35 with the winding; or, in other words, so as
to keep the arm Cat a fixed inclination to the
mandrel, which inclination should be slightly
greater than the pitch of the spiral winding,
in order to avoid the risk of having the wire
4o climb upon the convolution previously wound.
" The winding goes onautomatically in this way
until a sufficient number of convolutions have
been completed to form a portion of or the en-
tire armature-winding, as the case may be, or
45 8 long enough mandreél may be used to hold
enongh winding for a number of armatures,
which would enable several windings to be
made in one operation in one piece, ard cut
up in the desired length afterward. The wire
55 I8 then cut off and the mandrel removed from
the winding-machine, after which the wind-
ing is withdrawn from the mandrel. As the
_wire winds on, it hugs the mandrel tightly.
This can best be accomplished by using, a
'35 sectional or split miandrel, such as that shown
- in-the drawings, which is provided with a
tapering core or center, which may readily
be forced or knocked out from one end, so as
to allow the mandrel to collapse, and be easily
60 withdrawn from the winding. This winding
is then transferred or slipped onto the core or
iron ring, which, if necessary, has been coated
_‘with.or incased in a suitable insulating mate-
rial or covering, and which is formed of two
65 jointed halves, so that the ring can be opened
and the winding slipped on, as we haveshown
“in Fig. 4. After the windinghas beenslipped

359,208

The mandre] A is then set
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of the ring together, and locking or connect-
ing them by a pin passed through the rirgs
alternately, or in any other desirable way.
The ends of the winding where they meet can
then be soldered ~+ eonnected fogether, thus
forming a comple  Gramme ring, which can
be mounted upon a shaft and provided with
a commutator, like the machine deseribed in

orin otherdesired ways. As we havealready
stated, the winding of the entire ring may
either be composed of one piece and slipped
over the complete ring at once, as we havein-
dicated in Fig. 4, or it may be made in two
halves and slipped over the two halves bf the
ring separately, and the half-rings then
brought together, or it may be made in a
greater number of parts or sections, if desir-
able. ’

The winding may he formed of either a naked
or an insulated wire or ribbon insulated in
any desired way; but if a naked wire be
used, it will be necessary to insulate it after it
is formed into the desired shape, or else pro-
vide some other means for preventing the con-
volutions from touching and ‘short-circuniting
each other. We have devised two different
ways of accomplishing this. Oneisto takethe
naked winding or spiral as it comes off the
mandrel and. spread or stretch it so that the
convolutions stand apart, and then coat it with
some insulating material—such as shellac, for
example—Dby dipping it in 'a bath of liquid
shellac or other material, and, if desirable,
afterward -applying some insulating-powder
.or salid material before the shellac is dry, so
ag to form a coating, whieh will not melt by a
nioderate amount of heating, such asthe arma-
ture winding is liable to, and become squeezed
out, and allow the convolutions to coine to-

shellac; a hard coating may readily be obtained
by baking the winding after dipping it.  The
other w.uy of preventing the convolutions from
touching each other in.cases where naked wire
is used.is to wind in an insulating sheet or
tape between the suceessive convolutions of
. the winding. This may be done at the same

mandrel, as we have shown in Figs. 1, 2, 3,
and 4. A thin tape, %, is led into the arm af;
-the same time as the wire K, through-an an-

lies between-the wire and the convolution last
wound, and the other edge lies between the
wire and the mandrel, thus holding the con-
volutions apart, and at the same time forming
an insulation on the ihside of the winding,

core, prevents-the naked wire from coming in
contact with the iron. :

ing-machine and a modification of aur process

mandrel mounted. 80 that it ean be made to

gether. * If the winding be simply dipped in.

Figs. b, 6, and 7 show another form of wind- _

on, the ring is closed by bringing the two parts

73

the application filed by us, before referred to, .
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time that.the wire is being wound upon the.

120

gle slot, 4, 80 a8 to surround the wire on two
gides, as scen in Fig. 2. ' One edge of the tape.

125

which, when the winding is slipped‘onto the
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of winding. In this case A represents the
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revolve as before; Lint the arm C, instead of
being mounted on a screw - feed slide B, is
mouuted on a traveling cavriage, B, which
moves on suitable guides or rails parallelthh
the axis of the mandrel, being forced aloug
qgamet 2 constant pressure by the wire itself
pressing sidewise upon the arm as it winds

upon the mandrel, ‘This pressare in the ma-
chine shown isobtained by weight'W, attached

to &a cord, 10, passing over a pulley, as shown.

In this machine the arm itself, instead of be-
ing simply channcled out on the side next-to
the winding, so as to form a shoulder; whicl
presses the wire sidewise against the preced-
ing convolution, is slotted, as clearly shown in

Fig. 7,50 asto forma groove of the same cross-’

section as the wire st‘np or ribbon, leaving-a

thin tongue or partition, , between the wire,

as it winds and the }\r(,cedm‘7 conveolution,
against which the arm is constantly pressed by
the action of the weight W. The slot in the
arm C thus forms a shonlder oy each side of
the flat wire, which holdsthe wire uprightand
compels it to remain in that position while
winding, so that it is impossible for the wire
to twist or lie down on the mandrel. - As the
wire winds npon thie mandrel the tongue £ in-
tervenes between it and the preceding convo-
lution, and cousequently there is a space be-
tween the convoluation last formed and the pré-
ceding convolution equal to the thickness of
the tongue.  If the side pressure of the arm C

* he made very slight, or he takenaway entirely,

35

40

45

50

S5

6o

6s

there will Ho 2 space between all the convolu-
tions equal.to the thickness of the tongue, and
the convolutions may be brought closer to-
gether when the winding is finished or afterit
has heen remaved from he mandrel; but they
can be weund elose Logether upon the mandrel
by adjusting the weight W so that the side

pressuve of the t.onguc 1 on the convolution”

previously wound is’snfficient to push the wire
up against the preceding convolution.  Asthe
wire is fed to the machiue it passes through
the arm C onto the inside of the tongue ¢; but
as’'it comes round again on the ma,udrel it
passes oun the_ outside of the tongue f, which
then becomes o shoulder and shoves the wire
along the mandrel and into contact with the
preceding convolution. Of course the slot in
the arin may be givén any desired shape to re-
ceive whatever shaped wire is used, and the
tongue or partition / nmy be made of any de-
sired thickness.

Iu the machine shown in Figs. 5 and 6 the
arm € is mivde to press transversely upon the
mandrel with a sufficient force to bend the
wire by the spring IF, which is adjusted to the
proper tension, amd which of course may be
used instead of a weight for this purpose. In
this wmachine, ag in the onc previously de-
scmbed the edge of-the arm or tonguet where
it bears sidewise. against the wire .should-evi-

-dently stand at an inclination to the mandrel

slightly greater than the inclination or pitch

of the wire, as shown in Fig. 5, so thatthearm-

gud consequently 18 vot raised.
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will not climb up on the conv olutxons already
wound.

InFigs. Sand 9 we }m\'eshown an improved
attachment to the machine shown in IMigs. 6,
G, and 7, and 2 process of windidg by which
an armature winding i3 produced according
to our iaveution, having certain of its convo-
lutions raised or pxolu,t,mg or wound differ-

ently fram the rest at the points where the 7

connections are to be made to the commutator-
strips, so that the commutator-econnections can
be very easily and reliably made. TInthema.
chine and process shown in Figs. 8 and'9 we
accomplish this by means of a finger or lump,
8,.which s caused to bt inserted under the
wire at the moment the arm is forming the
particular convelution to which the commu:
tator-sfrip is to coennect, so that this particular
convolution, instead of touching the mandrel,
is wound on top of the finger or shonlder, and
consequently is raised and projects heyond the

other convolutions an amount equal to the

thickness of the fingerorJump s, This finger

we-attach to o stide or sleeve, S, which is
mounted so as to becapable of shdmg length-
wise on_the mandrel, and is provided with
suitable meaus of shifting it lengthwise.at the
propertimes. ‘We havesliown theﬁngers made
in the form of i crescent, the ountside surface
or face of which, upon which the wire winds,

being semicirenlar in cross-section, exuetly

like the edge of the maudrel, in w hich ease a
projecting conveolution would be formed semi-
cireular 1n shape, corresponding exactly in
shapewitlitheother convolutions; | utofcourse
the finger s may be given any desired shape
and thickuess, £0°as to produce a- projecting
convolution of any desived shupe.  The manucer
of using this machine is as follows: The wind.
ing is begun, and after w certain number of
ordinary convolutious have heen wound upon
the maundrel, and while the mandrel isturniag,
the sleeve 8 is slid so as 1o bring the finger s,

resting against the last. wound coavolution, +,

and under the arm ¢ This is done fmerdi.

ately before the maundrel re: wches the position
shown in l:lg. 9, or, in fact, any time before the
wire begins to wind over the cdge of the man-
drel on which the finger is.  As the mandrel
continnes turning,carrying of conrse with it the
finger s, the wire winds on top of the finger,

and couforms to its shape, so that this ecouvo-
lution is raised and projects beyond the others,
corresponding in shape to the shape of the
form. After the mandrel has made one fur-
ther cowmplcete turn, so as to briug the arm ¢
parallel with the tiat side of the waundrel and
restiug agaiuost the straight part of the couvo-
lution last wound, or, in other words, so that
the mandrel has not quite reached the posi-
tion shown in Fig. 9, the finger s is quickly
withdrawn from under the arm, so that the
convolution then being formed, which is the
next one to the raised conv olutiou just before
wound, is wound dlrectly on the mandrel itself,
The’ wmdmg
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then goes on, the finger s being kept out of the
way until enongh more convolntions have been
formed to complete another section, when the
finger 8 is again inserted at the proper in-
stant, and the next convolution winds on top
of the finger, and consequently forms a pro-
Jjecting convolution at the proper point in the
winding to make connection with the corre-
sponding commutator strip. . When the man-
drel comes round to the proper point again,the
finger s isagain withdrawn, and then the ordi-
nary winding goes on again until another sec-
tion is completed, when the operation of in-
serting and withdrawing the finger is again
repeated, and so ou until a sufficient pumber
of sections have been wound. The winding is
then removed from the mandrel and is ready
to be applied to the commutator. Inthis way

- a winding is formed, having projecting convo-

20

25

30

latious p p p on the end, as séen in Fig. 10,
which shows a portion of the winding at rlo'hb
anglesto itslongerdimension,and as shownalso

in Fig.11,which is an end view of a portion of .

the arm‘lture, the position of the projecting
convolutions being indicated in Fig. 11 by the
shadows ecast by them upon the adjacent con-
volations. Of course in the process of wind-
ing, the raised convolution ‘may be made to
project any desired amount, and the project-
ing part may be given any des;red shape by
properly shaping the finger or portion s, and
the number and positions of these projecting
convolutions may of course be made to corre

" spond with the commutator by properly reg

35

ic

15
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lating the number of convolutions which in-

tervene between the consecutive projecting

convolutions. .

In Figs. 12, 13, 14, and 15 we have shown
another machine and mode of forming the ar-
mature winding according to our invention.
Figs. 12 and 13 show a machine in which a
round or eylindrical mandrel isemployed. In
this machine the mandrel is forwed with a spi-
ral slot or-groove cnt in its surface of exactly
the same width and depth asthe wire, and the
wire is wonnd on by an arm, G, the under fuce

of which presses the wire into t.he spiral slot’
‘as the mandrel revolves, the arm beiog fed

along at the proper rate] by a sérew- fecd. a3
shown, or in any other desn'ed way. With
this form of mandrel the wire is rigidly sap-
ported-in the mandrel itself on both sides
throughout its entire length, 8o that it is in-
possible for the wire to fall over or wind im-
properly, however thin or wide a ribbon be
employed. When the mandrel hasbeen wouad

full, it may, be withdrawn from the winding by |

serewing it out of the winding, or by using a
sectional mandrel, which can be made to col-
lapse by knocking out a center piece or core,
V, like that shown in Fig. 13.

Flgs. 14 and 15 show the same machineand

" method, a flat mandrel being employed.in this

" 65

case, the mandrel being sectionally built up,

so that it can collapse, asshown in Fig. 15, for .

example, 80 that by kunocking out the core V,

whlch should be made tapering, the other

BEST AVAILABLE COF

parts of the mandrel can be brought tegether
and slipped ount of the winding.

In order to produce a winding with highor
projecting convolutions, like that shown in

Figs. 8,9, 10, and 11, for example, we form .

the spiral groove in the mandrel with raised

‘portions s § at the proper points on the edge

of the mandrel, so that the wire winds on top
of these lumps, and consequently forms raised
or prO]ccmm convolutions at these points in
the winding.-

Ourinvention may evidently alsobe applied
to the winding or forming of armatures in
which the winding is composed of more than
one layer,lilkke that described in ourapplication
befove referred to, by winding the several lay-
ers of each section atatimeupon the mandrel,
and then passing to and winding theadjoining
section in the same way, the sections being
wouund continuously upon the mandrel, sothat
the wire from one leads directly to the next
section without a break, and, if desirable, the
wire may be wound so as to project beyond
the other convolutions at the junction, so as to
enable the connections to be casily made tothe
commutator.  When the desired number of
sections have been wound upon the mandrel,
the winding is then removed from the man-
drel and transferred to the armatire-core, as
in the case of a winding composed of only one
layer.

We are aware that in English Pateut No.
3,880 of 1881 there is described a method of
forming the armature wire or conductor into
the required form to he applied to the arma-
tuce-core; but this is essentially different from
our invention, because in that method the wire
or conductor 1s formed- or reduced to the re-
quired shape of the winding by a tombination
of alternately-acting rolls,which compressand
practically forge the wire differently at differ-
ent points, and by so forging it distends one
part more than apother to make it take a
curved form,which method can ounly be em-
ployed, if atall, where a flat wire winding is
used, aud caunot be used to produce a wind-

ing compo%ed of a number of layers, besides-

which this method necessarily involves re-
ducing the thickness or .cross section of the
copper conductor at its bends, so as to be less
thau its cross-section at other points, and the
method i§ a very difficult one to earry onprop-
erly, the softness of the copper conductor af-
fecting the result, so that the ends cannot be
of wuiform size "and shape, whereas in our

8o
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provess we form the cowplete winding or se--

ries of seétions by bending instead of forging
the wire without ch'm«mfr materially the
cross-sectional form, and. produce coilsof ani-
form shape and dimensions to form the sev-

.1 eral sections Successively of a continuous wire

4o fit the armature-core or a section thereof
after which the continuons w inding so formed

‘is« put upon this armature- -core, and consti-

tutes the connected continuous sections. This
mode of bending or forming the- ‘winding not
only énables us “to form the entire wmdmv
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‘very much more rapldly and easxly than can
- bedone in any other way, but it enables us to
use a wire or cqnductor of any desired cross-
section or shape, and it.enables us to wind on
‘any desired number of superposed layers, the
same continuous wire leading directly from
one armature-section to the next without ne-
cessitating speclally ¢onnecting the adjacent‘
. ends of separate wires counstituting the sepa- |
-fo;
- 'heretofore., .Our invention consists, therefore,
in bending the wire;into the-desired shape” of
the, eoils in " contradistinction to’ forging the
wire, and thus causing the wire fo approxi-
mate the desired form, and.in afterward ap--
- plying the windings to the armature-core.
‘What we claim as our mvenmon, and desire
" to secare by Letters Patent, is— = -
" .1. The herein-described 1mpxovementm the
art of making armatures for dynamé-electric
machines or motors, consisting in winding a
flexible coil of continuous wire sufficient in.
length .to constitute two or more connected
- armature-sections by bending the wite in con-
25 tradistipction to forging the same, and then.
. tramsferringsaid flexible coil to the armatuce-
-corey substanlnally as described. . .
2, The herein-described improvement in the
-" art of making armatares for dynamo-electric
machines. and motors, consisting in making a.
cofitinuous flexible coil of* wire of practically
~uniform cross-section, adapted to bend to ac-
commodate itself to the armature-core, and
then transferring it to and secoring. it on the
55 latter, substantially as described..
- 8. Theherein-described lmprovemenb in the
" ¢ art of making armatures for dvna],no -electric
machinesor electric motors, consnstmg inbends-
‘ing, in contradistinction to- forgmg, a continu-
40 ous wire or condactor into a continuous flexi-
ble coil to constitute a series of armature-.

20

. ‘sections, and then putting the same upon the |

armature- core and tonnecting each section
~with part of the commutator, snbstantxally as
- 45 described.
4. Theherein- descrlbed lmprovement in the
_ art of makifig armatures for. dynamo-electric
‘machines orelectric’ motors,consisting in wind-
"ing a. continuous wire-or conductor so as to
50 form .an entire flexible armattre-winding by
bending the wire in contradistinction to-forg-:
ing the same, and then putting the winding
80 formed on_to the urmat.ure-core, substaq
. tiaﬂyagdescnbed . .
‘55 ,b. Theherein- descnbed 1mprovemeqt in the
“arh of“makmg armatures fof dynamo-electric,
- riachines ot electric motors, consisting in wind-
. iog:4 coil of flat wire.or-condgctoron efige-to-|- :
" fordi & eonhnuous flexible coil by bendisg the
60 Wire in cont inction to forging the same,
axd then applymg said coil to the a.rmature-
core, subetantially as.deseribed. . - . ;
‘6. The herein- descnbedxmprovement inthe

;grt of forming armajures:for dynamo-electric |

rate sections, as has always had to be:done |’

' divided into sections by convolutions which

‘drel A, of the travehngcal riage B, and the arm

= 14. Thecombination w1th‘therevolvmgman

.
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machines or electric motors ,consisting inwipd- 65
mg two or ‘more armamre ‘sections of -a con-
tinnous wire or condugtor with one of the.
turns or convolations of each armature-section
projecting beyond the others, then applying-
the coil Bo formed.to the armature-core, and jo

| connecting’ the-respective: ‘commutator-strips

to the said projecting convolutwns, subsban
tially as described.-

“7. The herein- described ‘armature havmg
two or more of its sections wonnd: with a'con- 735

“tinnous wire or condubtor, one of the convo-
.lutions of each section or the convolution at

thejunction of each two sections being formed
80 a3 to project beyond: the adjoining convo-
lntions, and being connected with the corre-
sponding commutator-strip..

8. The herein-described armature havmg a
winding formed of a continucus flat wire, rib-.
bon, or condiictor on edge, the winding being

84
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project beyond the others, and are coninected

with the corresponding commutator-strips.

9. The combination, with the revolving flat
mandrel A, of the arm O, which bears upon
the outsu]e ‘of the wire aud bends it to con-
form to the shape of the: mandrel, substan-
tially as described.

10. The combination w1ththerevolvmgman -
drel A,of thearmor sbatmnary guide G, formed
with a slot or groove in which the wire is bent 95.
to conform to the mandrel, and at ‘the same
time: supported on both SIdes, so as to keep it
“uprigii, Substantialiy as described.

11. The combination, with the revelving
mandrel A and means for winding the wireor
-conductor thereon, of the fingers s, adapted to
be.introduced under the wire as it winds upon
the mandrel, substantially as described.

12.2The combmatxon with the revolving man-

drel A and means for wmdmg the wire or con- 103

.ductor thereon, of the sleeve 8, sliding upon
the mandrel, and the finger s, attached to the

sleeve, substaumally a8 described.’ .

13. Thé combinatiohi, with the revolying man-
110
C, plvoted to the carriage, whlch bears upon
the outside of the wire dnd- bends it to cou-
form to the .shape ‘of- !he mandrel substan-
'mally as destribed.

115
drel A, of the: travehng carriage B and the
arm O, pivoted thereon and. formed wWith a
groove or slot on-its surface where it-bears

.apon the mandtel, throungh which slot the wire:

is fed and wound upon the mandrel substan-
_tmlly a8 deséribed. - - '

CHAS. G. CURTIS .
' SCHUYLER S.. WHEELER.:
FRANCIS B. CROCKE!}

benesseS° o
WILLIAMA DREYER
O S: BRADLEY.



