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Abstract of the Disclosure

A method of winding coils on an armature in
which the start and finish leads for the first coils to

be wound are wrapped around the armature shaft between
the armature core and commutator'so that these_leads
are supported by the shaft and'are largely out of the
way when the later coils_are_wound. The-Start and
finish leads for the later colils are not Wrapped around
the armature shaft, but rather run more directly to the
commutator as in conventional side pattern winding.
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METHODS OF WINDING ARMATURES
_WITH MODIFIED SIDE PATTERN

Backaround of the Invention

‘This invention relates to methods of winding
electric motor armatures, and more particularly to

methods of winding armatures with a modified side

Various schemes for windihg electric motor
armatures are known as shown, for example, in Mommsen
et al. U.S. patent 3,448,311, Miller U.S. patent

3, 913 220, and Dammar U. S. patent 3,927,843. Deqplte

--,fthe mx1stence of alternatlve wlndlng schenes such as

""“  are shown in these references, the so-called "side"

o  :as lOW‘voltage, hlgh current electrlc motors used 1n |
'] automob1les. 

pattern remalns popular for certaln appllcatlons such‘-

FIG 1 shows 51de pattern c01ls wound on an

 '.<'_iarmatura 50 by one flyer 84 or 87 in a dual flyer

.w1nd1ng machlne 80 (see FIG.,3) FIG. 2 shows the

" 51m11ar 00115 31multaneously wound on the same armature

:   fby the other flyer of the winder. (In all of the

7'*fﬁfdraW1ngs llke FIGS 1 and 2 the CQllS are 51mp11f1ed

:f 7 3for greater clarlty by omlttlng the leg of each coil

'-" "”m7f[1n1t1ally, c011 w1nd1ng by the first flyer beglns by

;whlch 1s closest to - commutator 54.)- con51der1ng FIG. 1

 f t pass1ng the wlre from that flyer through the tang on

.. 1_7°ff commutator member 1. Then ‘the wire is alternately
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,307_axis of the_armature, and by rotating the armature
~about its longitudinal axis. To produce the pure side

passed through armature slots A and F until the desired
number of turns has been produced in coil bl.
Thereafter, from slot F, the wire is drawn back to the
tang on commutator member 2. From commutator tang 2
the wire is wound around slots B and G to produce coil
b2, and then the wire is drawn back to commutator tang
3. This process continues until all of coils bl
through b6 have been wound one after another. Winding
by the first flyer is concluded by passing the wire out
through commutator tang 7.
At the same time that coil bl is being wound,

a similar coil b7 is being wound by the other flyer on
the diametrically opposite side of the armature as
shown in FIG. 2. The wire for coil b7 starts at
commutator tang 7 and 1s wound through slots G and N.
After coil b7 has been wound, the wire returns to
commutator tang 8, from which the wire is subsequently
drawn around slots H and A to produce coil b8
concurrently with the winding of coil b2. Again this
process continues until all of coils b7 through b12
have been wound, and winding by the second flyer is
concluded by passing the finish lead from coil bl2 out
through commutator tang-l;, ' |

' " In the conventional dual flyer winder 80

‘shown in FIG. 3 (see alSo‘the above mentioned Miller
and;Dammar,patents).the relative motion between the

wires and armature 50 required to wind the armature is
produced by rotating the wire dispensing flyers about
an axis 75 which is perpendicular to the longitudinal

pattérn:shownﬁin FIGS. 1 and 2 it is typically only

- necessary to rotate the armature one slot increment

35

'after_each~diametrically;Opposite pair of coils has
 been wound.
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It will be noted that in the side pattern the
start and finish leads of each coil run substantially
directly to an armature tang which is on the same side
of the armature as the coil and which is angularly
between the slots on which the coil is wound. Because
of this substantially direct routing, the start and
finish leads are typically not in contact with the
central armature shaft 56 which runs between the core
and commutator regions 52 and 54 of the armature (see
FIG. 4). One'consequence of this 1s that, as winding
proceeds, the later coils deposited by each flyer tend
to bear on the leads of the coils deposited earlier by
the other flyer. As shown in FIGS. 1 and 2, for |
example,'coils b10, bll, and bl2 wound by the second
flyer bear on leads L1, L2, and L3 formed by the first
leer. Similarly, coils b4, b5, and b6 wound by the
first flyer bear on leads LR1, LR2, and LR3 formed by

the second flyer. The coils Wthh thus bear on the

~ leads of other coils tend to be forced radially farther

out than prev1ously wound coils. This causes
_nonunlform dlstrlbutlon of mass around the armature,

f'whlch can make the armature more dlfflcult to balance.

| Another dlsadvantage of the abovewdescrlbed

. .eW1nd1nq pattern is that for armatures requlrlng a hlgh

25 s
”"'00115 can overstress and break the unsupported lead

slot f1]1 Wlth tlght wire W1nd1ng, the latermdep051ted

- wires of the prev1ously deposxted coils on Wthh the |

 '1ater 00115 bear.

o Desplte the foregoing drawbacks of the smde

' pattern, that pattern continues to be favored for

';ﬂcertaln motors hecause it has several beneflts as

ecompared to the known alternatives such as those shown
:‘_’"”1n the aboveﬂmentloned Mlller patent. Among these
'fflffe’beneflts are shorter start and finish leads, less need

e35  for ax1a1 space between the core and commutator ,.
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portions 52 and 54 of the armature (thereby allowing
the armature to be made shorter), and more efficient
ailxr circulation for cooling the coil ends which are
located between the core and commutator portions of the
armature because of the space left open under the start
and finish leads. This last advantage is especially
important for low voltage, high current motors such as
are used in automobiles, and of course applies only if
the coils are not impregnated.

In view of the foregoing it is an object of
this invention to provide methods for winding armatures
with a modified side:pattern which has at least some of
the advantages of the conventional side pattern, while
amelliorating the disadvantages of that conventional
pattern. '

Summary of the Invention

This and other objects of the inventiOn-are
accomplished in accordance with the principles of this
invention by providing methods for winding armatures in

 wh1ch the first several coils are wound soO that the

start and finish leads of those coils are wrapped

- around the armature shaft between the core and

| .commutator portlons of the armature to an extent

;f'"‘sufflclent to cause those leads to contact and be'
25

supported by the armature shaft. Thereafter, the
remalnlng coils are wound with start and flnlSh leads

which are unsupported by the armature shaft.

Further features of the 1nventlon, 1ts nature

R and varlous advantages will be more apparent from the

.'30';accompany1ng drawings and the follow1ng detalled

':' descr1pt1on of the preferred embodiments.
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Brief Description of the Drawings

FIG. 1 is a simplified planar projection of
an illustrative armature showing the conventional side
pattern winding of that armature.

FIG. 2 1s similar to FIG. 1 but shows another
portion of the conventional side pattern winding of the
same armature.

FIG. 3 is a simplified elevational view of a
conventional-two—flyer winder which can be used to wind
armatures with either the conventional side pattern of
FIGS. 1 and 2 or with the modified side pattern of this

invention.

FIG. 4 is a side elevatlonal view of a
portlon of an armature wound u51ng the conventlonal
side pattern. |

FIG. 5 is another view similar to FIG. 1
showing a portion of an illustrative embodiment of the
modified side-pattern'of this invention. '

FIG. 6 is still another v1ew simllar to

'FIG. 1 shOW1ng another portlon of the illustrative
,embodlment partly shown ln FIG. 5.

FIG._? is a 51mp11f1ed sectional view shOW1ng
one stage of the w1nd1ng of an armature in accordance |

_ o .w1th this lnventlon.
) plllustratlve two—flyer wlnder apparatus with suitable

FIG.'S is a'Smellfled plan view of

_ control apparatus shown in block dlagram form.

p'; 'Deta11ed Descrl tlon of the Preferred Embcdlments

An lllustratlve embodlmenﬁ of modlfled sade

:pattern armature W1nd1ng in accordance with this

'; -pattern can be produced by a conventlonal two~f]yer

'p“5”, pwinder as shown,‘for example, in FIG. 3, albelt wmth
- the requlslte modlflcatlon of the relatlve motlon of
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the armature and wire dispensing flyers. FIG. 5 shows
the windings produced by one flyer, while FIG. 6 shows
the windings simultaneously produced by the other
flyer.

Considering first the windings shown in
FIG. 5, winding begins by passing a first coil start
lead through commutator tang 1. Armature 50 is then
rotated more than 360° about its longitudinal axis to
wrap start ilead L1 around armature shaft 56 before
beginning to wind coil bl around the chord of the
armature which is bounded by slots A and F.
Accordingly, start lead L1 contacts and is supported by
shaft 56 between core portion 52 and commutator portion
54, When coil bl is complete, armature 50 is again
rotated more than 360° about its longitudinal axis to
WIap finish lead L6 around shaft 56 before it reaches
commutator tang 2. After the wire has:passed through

'tang 2, armature 50 1is again rotated more than 360°

about its longitudinal axis to wrap the start lead L2
for the next coil around shaft 56 before beginning to 
Windacoilsz around the armature chord between slots B

~and G. The finish lead L5 of coil b2 is also wrapped

around Shaft'SG'bY'a more than 360° rotation of the

“_armature.' Lead L5 then passes through commutator tang
-3 and becomes the start lead L3 for the next coil b3.
 'Start lead L3 is also wrapped around shafit 56 by a more

,"'  than 360° rotation of the armature, and the finish lead

J',,L4 of c011 b3 is 51m11arly wrapped around shaft 56 by

30

 'another more than 360° rotation of the armature. Three

' 0011$ (bl b2, and b3) have now been wound each with
_start and flﬁlSh leads which contact and are supported

'   bey shaft 56 by v1rtue of having been wrapped around the
- _vshaft. For example, FIG° 7 shows how the finish lead

"=";L4;°f GOll b3lls.wrappedzmore,than.360° around shaft 56
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on its way from slot H to commutator tang 4. (When it
is said herein and in the appended claims that a lead
wire contacts and/or is supported by the armature
shaft, 1t will be understood that this contact and/or
support may be either direct or wholly or partly
indirect (e.g., via contact with other lead wires
previously wrapped around the shaft).)

At the same time that one flyer is winding
colls bl through b3 as described above, the other flyer
is winding similar coils b7 through b9 on the opposite
side of the armature as shown in FIG. 6. The start and
finish leads LR1 through LR6 of coils b7 through b9 are
all wrapped more than 360° around shaft 56 on their way
to and from tangs 7-9 in the same way that leads L1l
through L6 are wrapped more than 360° around that
shaft. Accordingly, all of leads LR1 through LR6
contact and are supported by shaft 56.

Returning to FIG. 5, after 0011 b3 has been
wound and its finish lead L4 passed through tang 4, the
W1nd1ng process SW1tchas to more conventlonal side
pattern W1nd1ng for remaining 001ls b4 through b6. In

- fpartlcular, after finish lead L4 is wrapped around

25

' '30f_the flnlsh lead from that coil is passed through tang 5

shaft 56 as descrlbed above, slots D and I are

‘typlcally p051t10ned as shown in FIG. 7 to recelve wire
-from the flyer associated with the left hand wire gulde
or shroud 89. The side pattarn winding of coil b4 in

slots D and I can therefore begin immediately with the

.w1re comlng from tanq 4 w1thout substantial further
frotatlon of the armature. When coil b4 has been wound,

‘and the armature is indexed by the angular spacing

'}7~f'batween adjacent slots To posmtlon the armature for the

' ~ side pattern winding of coil b5. After coil b5 has
~ been wound, the flhlSh lead from that coil 13 passed

- f35 .through tang 6 and the armature is lndexed agaln to
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position it for the side pattern winding of coil beé.
After coil bé has been wound, the finish lead from that
cocil is passed out through tang 7. Because the
armature 1s not rotated by any large amount during the
side pattern winding of coils b4 through b6, the start
and finish leads for these coils are not supported by
armature shaft 56, and indeed these start and finish
leads even tend to be spaced radially outward from
leads L1 through Lé and LRl through Lé which are
wrapped around and supported by shaft 56.

At the same time that coils b4 through bé are
beling wound similar coils bl0 through b12 are being
wound by the other flyer on the opposite side of the
armature as shown in FIG. 6. Again, the start and
finish-leads for coils bl0 through bl2 are not
supported by shaft 56; but rather tend to be spaced

- radially outward from the shaft and the leads L1

through L6 and LR1 through LR6 which are wrapped around-,
the shaft. - | |

Among the advantages of the mlxed'w1nd1ng

deposited coils do not bear as much on the start and

'flnlsh leads for the coils dep051ted earlier. For

example, as can be seen by comparing FIGS. 5 and 5,

.c01ls b10, bii, and bl2 formed by the second flyer do

'._not bear.on the.start leads L1, L2, and LB'of coils bil

.30.

through b3 formed by the first flyer. Similarly, coils
b4, b5, and b6 wound by the first flyer do not bear on

‘the start leads LR1 through LR3 of coils b7 through b9
'formed by the second flyer. ThlS allows the later~

'-  formed 00115 to be wound closer to armature shaft 56 so

“ that they are more nearly like the preceding coils.

' -oTh1s prevents excessive radlal enlargement of the later

',colls,,whlch can have such dlsadvantages as increasing

| ""7 a3S [the dlfflculty of balanclng the armature? making 1t
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more difficult to achieve high slot fill, etc. On the
other hand, the fact that the later coils are wound
using the side pattern helps reduce the regquired length
of the armature shaft between the core region 52 and
the commutator region 54 of the armature, and also
allows some air circulation to the ends of the coils
adjacent the commutator if that is desired.

The description has been presented by
applying the principles of the invention to an armature
having twelve core slots, a coil pitch of 1:6, and one
coil per slot, with conseguent attachment to twelve
commutator bars. The invention is equally advantageous
for other types of armatures, i.e., armatures having a
different number of core slots, more than one 0011 per
slot, and/or a different number of commutator bars.

For the armature shown in FIGS. 5 and 6, the
change from lead routing around the armature shaft is
made after making four commutator connections. The
choice as to when to make this change depends on
various armature parameters'such'as slot pitch, size of
the armature, number of coils per slot, diameter of the
armature shaft, and the size of the winding W1re. In

-order to make the best choice in this regard .1t may be
'de51rable'to test several dlfferent.ch01ces in order to
verify by visual inspection the guality of the

resulting coils.
_ FIGS. 5 and 6 show routing of the leads of
the first coils by more than 360° around the armature

- shaft. In particular, the angle of wrapping is
30
~ core slots. Smaller angles of wrapping may be used as

approxlmately 360° plus the angle between two and half

long as the leads are supported by the armature shaft.
_Greater or smaller angles beyond the lines 40 and 42
.”(slot pltch) shown in FIG. 5 can cause 1nconven1ence
_when changlng to dlrect 1ead routlnq (shown from
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commutator bar 4 and commutator bar 10 in FIGS. 5 and
6). In particular, for angles beyond the range
delimited by these lines, one of the leads going to or
from a bar which is directly routed to the core will
become excessively long.

Commutator members for obtaining lead
connections according to the principles which have been
1llustrated in the foregoing are usually of the tang

type. The leads can be connected to such tangs by well

Known alpha or omega connections.

FIGS. 5 and 6 show a particular progression
to connect the leads to the commutator bars and to wind
the coils in the slots. This progression has been
combined with specific turning directions Of the
flvyers. The invention is equally applicable to an
opposite progre551on and also to dlfferent turning
directions of the filyers. |

A further advantage obtained by winding and
lead connecting according to this invention is that the
start leads which are wrapped around the armature do
not loosen during the w1nd1ng of the first coils. This
avoids the need for extra equipment such as the gripper
sleeve used in prior.art machines to maintain the wire
behind‘tha commutator tangs of the first coils.

The w1nd1ng pattarn of the present invention

can ba obtained by means of a flyer w1nder shown in

FIG. 3 having controls whlch are approprlately

programmed and adequately equipped. For example,
- FIG. 8 sdes‘controlsrfor a suitable two~flyer winder.

 30 .As shown ln FIG. 8, COmputer 81 supplies position

o commands (1 e., sagnals 1ndlcat1ng the position to be

35

'raached by the flyer) to p031t10n control cards 82 of

motor 83 for dr1V1ng flyer 84, and also to position
control cards 85 of motor 86 for dr1V1ng flyer 87.
Computer 81 also supplles pOSltlon commands to p051t10n



10

15

- 20

2081050

...11....

control cards 88 of motor 101 for indexing the armature
in order to position the core slots in relation to wire
guides 89. Motor 101 also indexes the armature to
position the commutator bars so that lead attachment to
the same can be obtained by the flyer. Rotation of the
armature by motor 101 also produces the desired lead
routing between the commutator and the core slots.

From position control cards 82, 85, and 88,
analog signals reach the respective drives 90 of the
motors in order to command the speed performance
together with their reguired starts and stops. For
example, drives 90 control such motor parameters as the
acceleration and deceleration ramps and the top speeds
of motor 83, 86, and 101.

The motors are equipped with position sensors
100 to determine the actual position of the flyers
during their movements and for determining the position
of the armature while it is being indexed. This
position 1nformatlon is supplled to the p051tlon
control cards 82, 85, and 88 and to the drives 90 so
that a closed retroactive control is achieved.

ToO produce the w1nd1ng patterns shown in

"fFIGS 5 and 6, computer 81 is programmed to produce

.-,partlcular flyer commands and 1ndexzng sequences.

25

Computer 81 may store this information for each type of

armature which lS to be prooessed Illustrative

1nformatlon Wthh may be.supplled to computer 81 in
order to enable it to calculate the angular position
requlred for 1ndex1ng the armature to produce a
partloular w1nd1ng pattern includes:
~ N1 - number of core slots;
N2 - winding pitch;
N3 - number of coils per slot to be wound by

eaoh flyer,
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Theta 1 - angle (or other form of pos1tlon
1nformatlon) and dlrectlon from a zero position of the
armature (loading pos1t10n of the unwound armature) to
the first commutator connectlon where the flyer wlre is

-1n1t1ally connected (e g., bars 1 and 7 in FIGS. 5 and

6);

| Theta 2 - angle and direction from the zero
position to the slot of the first coil to be wound and
to be reached with lead reuting wrapped around the
armature shaft, and '

Theta 3 - angle and dlrectlon for turning the
armature corresponding to how many lead attachments
nmust have:outgoingleads wrapped around the armature
shaft, and which also defines when direct lead routing
should start. ' o

Because more data may be required to specify
the'wlndlng schemes of this invention than is requlred

to spec1fy 81mpler winding schemes, the memory of

computer 81 may have to be enlarged as compared to the
memory.required for conventional winding schemes.
It w111 be understood that the foreg01ng is

merely 111ustrat1ve of the principles of this

invention, and that various modlflcatlons can be made
by those skilled in the art without departing from the
scope and spirit of the invention. For example,
altheugh-the invention has been illustrated in the
centext of the use of flyer-type winders, it'ﬁill be

understood that other types of winders (e.g., winders
- of the type shown in commonly assigned Unlted States \

Patent No. 5,413,289) can be used instead.
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The Invention Claimed Is:
1. The method of winding coils of wire on

an armature having a longitudinal shaft, a plurality of
slots extending parallel to said shaft and opening
radially out from said shaft, said slots being spaced
from one another in the circumferential direction

around said shaft, and a commutator spaced from said
slots along said shaft, said commutator having a

plurality of wire anchoring sites spaced from one
another in the circumferential direction around said
shaft, each of said coils having a main coil portion
which is wrapped around a chord of said armature
between two 01rcumferent1ally spaced slots, a start
lead which extends from one of said wire anchorlng
sites to said main coil portion, and a finish lead
which extends from said main coil portion to another of
said wire anchoring sites, said method comprising the
steps of:

- winding a first plurality of said coils
so that the start and finish léads of each of Said '
first plurality of said coils are wrapped around said
shaft to an extent sufficient to cause said start and
finish leads of said first plurality of coils to
contact_sald,shaft and

" wzndlng a second plurallty of said c01ls
'so that the start and flnlSh leads of each of said
second plurality of said coils extend vetween the
associated main coil pdrtion and the associated wire
anchoring site without being wrapped around said shaft
' to such an extent that they contact said shaft.

_ 2. The method defined in claim 1 wherein
-_both of the wire anchorlng sites aSSOClated with each

 of said coils are on the same side of the armature as
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said chord of said armature around which the main coil
portion of said coil is wound.

3. The method defined in claim 2 wherein
both of the wire anchoring sites associated with each
of said coils are circumferentially between the two
slots defining the chord around which the main coil
portion of said coil is wound.

4. The method defined in claim 1 wherein
two of said coils are wound simultaneously on

diametrically opposite sides of said armature.

5. The method of winding coils of wire on
an armature having a longitudinal shaft, a plurality of
slots extending parallel to said shaft and opening
radially out from said shaft, said slots being spaced
from one another in the circumferential direction '

around said'shaft and a commutator spaced from sald

i slots along sald shaft sald commutator hav1ng a

'plurallty of wire anchorlng sites spaced from one
another in the 01rcumferentlal direction around sald
shaft, sald method comprlslng the steps of:
' .' - engaglng a wire with a flrst wire
'°anchor1ng 51té,
B . Wrapplng said wire extending from said
.flrst w1re anchorlng site at least partly around said
- shaft SO that sald W1re contacts salild shaft,
' | B wrapplng sald w1re extendlng from sald
°7jf1rst‘w1ra anchorlng site and from contact with said

o shaft around a flrst chord of said armature between two
',c1rcumferent1ally spaced slots to form a flrst coil on

fsald armature;
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wrapping said wire extending from said
first coil at least partly around said shaft so that
sald wire again contacts said shaft:

engaging said wire extending from said
first coil and from contact with said shaft with a
second wire anchoring site;

forming at least one additional coil on
sald armature by performing steps similar to the
preceding steps with respect to the wire extending from
sald second wire anchoring site, a finish lead of the
last of said additional coils extending to a first
further wire anchoring site;

' engaging salid wire extending from said
last additional coil with said first further wire
anchoring site; _ _

drawing said wire extending from said
first further wire anchoring site back to a slot
without wrapping said wire'around said shaft to such an
extent that said wire contacts said shaft; ,

- wrapping said wire extendinq‘from said
 first further W1re anchorlng site around a further
chord of sald armature between two 01rcumferent1ally
‘ spaced slots to form a further coil on said armature:

' ' drawxng sald wire extendlng from.sald
further coxl to a second further wire anchoring site
w1thout wrapplng said wire around said shaft to such an'
extent that sald wire contacts sald shaft: and

o engaging said wire extending from said
further coil Wlth said second further ere anchorlng

'”151te.

. 6. The method defined in claim 5 wherein
 'both of the wire anchoring sites associated with each
'5Of'saidfCOils.areﬁon the same side of said armature as
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sald chord of said armature around which said coil is
wound.

7. The method defined in claim 6 wherein
both of the wire anchoring sites associated with each
of said coils are circumferentially between the two

slots defining the chord around which said coil is
wound.
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