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1. Field of the Invention

The present invention relates to a transformer
coil winding apparatus, more particularly, to a

transformer coil winding apparatus for winding a winding

(3]}

wire on a coil bobbin to constitute a transformer.
2. Description of the Related Art
In the related art, a transformer, is for
example, constituted by the way that a cylindrical coil
10 bobbin is mounted to a non-cut iron core of essentially
circular cross section, and the winding wire (coil) is
e wound by rotation of the coil bobbin. In this type of
| +ransformer, gear teeth are formed on the outer
periphery of the coil bobbin to mesh with a gear of a
15 drive shaft, whereby synchronization of a drive motor
and the coil bobbin is established for accurately
obtaining the number of turns of the winding wire unto
the fraction.
Note, in the transformer coil winding apﬁaratus
20 according to the related art, when the winding wire is
to be shifted laterally (traverse), the shifting
magnitude is determined depending upon the diameter of
the winding wire. Further, the diameter of the winding-:
wire may fluctuate, and thus fine adjustment of a
25 traverse opefation cannot be obtained. Further, in the
fraﬁsformerwcoil winding apparatus of the related art, a
- reversal dperation of the traverse shift is carried out
by actuating the limit switch with the traverse unit
when the winding wire (coil) abuts the flange at either
30 side end of the coil bobbin.
In the transformer coil winding apparatus

according to the related art, the gear teeth are formed



the winding wire. Further, the dianeter of the winding wire nmay fluctuate,
and thus fine adjustnent of a 25 traverse operation cannot be obtai ned.
Further, in the transforner.. coil winding apparatus of the related art, a
reversal operation of the traverse shitt is carried out by actuating t he
Yimt switch with the traverse unit when the winding wire (coil) abuts the
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of the transf% 'thus the meshed gear is not suitable for mass
production to again cause a rise in the productlon cost
of the transformer.
Furthermore,.when the traverse shifting
10 magnitude is determined depending upon the diameter of
the winding wire, the actual winding wire diameter is
not uniform to cause disturbance of the traverse
shifting. 1In addition, when the reversal operation of
traverse shift is carried out by actuating the limit
15 switch with the traverse unit, as described above, even
when the shifting'magnituﬁe of the traverse unit
(traverse shifting magnitude) is adjusted to a
predetermined speed, the reversal operation may occur
before or after reaching the predetermined coil width,
20  since the coil width is variable depending upon the
~ diameter of the winding wire.
. SUMMARY OF THE INVENTION _
An object of the present invention is to provide a
transformer coil winding apparatus having lower
25 production cost of a transformer. Another object of the
~ present invention is to provide stable traverse
shifting of a wire while winding a wire on a coil
bobbin. Further, a still another object of the
inveﬁtion is to stably perform reversal of the traverse
30  shifting of the wire without performing fine adjustment
of the position of the limit switch or fine adjustment
of the shif;{ng speed of the traverse unit aséociated
with fluctuation of the diameter of the winding'wire.
According to the present invention, there is
35 provided a transformer coil winding apparatus for
winding a winding wire on a coil bobbin comprising: a

rotating drive mechanism for rotatably driving the coil



Furthernore, when the traverse shifting 10 nagnitude is determ ned
dependi ng upon the dianmeter of the winding wire, the actual winding wire
di ameter is not uniformto cause disturlance of the traverse shifting. In
.addition, when the reversal operation of traverse shift is carried out by
‘actuating the imt 15 switch with the traverse unit, as described above,
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magni tude) - i s adjusted to a predetermned speed, the reversal operation may
occur before &heafrodatisgcimye megheadsmer mi ned coil width, 20 since the
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driving the rotating drive mechanism in response to the
number of rotations on the rotation number counting
10 wunit. The transformer coil winding apparatus may
further comprise: a detection unit provided on the coil
bobbin; a rotation number counting unit for counting
number of rotations of the coil bobbin on the basis of
the output of the detection unit; and a winding
15 traversing unit for maintaining a winding angle of the
winding wire at a predetefmined value in response to the
number of rotations on the rotation number counting
unit.
The transformer coil winding apparatus may further
20 comprise: a detection unit provided on the coil bobbin;
a rotation number counting unit for counting number of
rotations of the coil bobbin on the basis of the output
of the detection unit; a rotary encoder provided'on a
drive shaft of the rotating drive mechanism; and a
25 drive unit for rotatably driving the rotating drive
mechanism in response to the number of rotations on the
rotation number counting unit and the output of the
rotary encoder. The transformer coil winding apparatus
may fﬁrther comprise: a memory unit for storing numbet
30  of outputs per one cycle of the rotary encoder in
detection period for detecting one cycle of the coil
bobbin by the rotation number counting unit; and
inhibiting unit for inhibiting incrementing of
rotations on the rotation number counting unit when
number of outputs or output value of the rotary encoder
upon reception of the output signal of the detection

unit is smaller than a value smaller than the output



of the position of the [imt switch or fine adjustnent of the shifting
speed of the traverse unit associated with fluctuation of the dianeter of
the winding wire. According to the presgnt invention, there is 35 provided
a transformer coil winding apparatus fo mnndlng a mnndlng wWire on a coi
bobbi n conprising: a rotating drive mechanismfor rotatably driving the
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correction unit for incrementing of rotations on the

rotation number counting unit by one when number of
outputs or output value of the rotary encoder upon
10 reception of the output signal of the detection unit is
greater than a value greater than the output number or
the output value per one cycle.
The transformer coil winding apparatus may further
comprise: a detection unit provided on the coil bobbin;
15 a rotation number counting unit for counting number of
rotations of the coil bobbin on the basis of the output
of the detection unit; a rotary encoder provided on a
drive shaft of the rotating drive mechanism; and a
winding traversing unit for maintaining a winding angle
20 of the winding wire at a predetermined value in response
to the number of rotations on the rotation number
counting unit and the output of the rotary encoder.
The winding traversing unit may comprise: a winding
angle sensor for detecting the winding angle of the
25 winding wire; and a winding traverse shifting unit for
maintaining the detected winding angle to a )
predetermined value. The transformer coil winding
apparatus may include: a winding angle abrupt variation
judgément unit for judgement of abrupt variation of the
.30 detected winding angle; and a reversing unit for
reversing the winding angle by the winding traverse
shifting unit when the detected winding angle is
abruptly varied.
Further, according to the present invention, there
35 is also provided a coil bobbin for a transformer where a
w1nd1ng wire is wound by using a transformer coil

winding apparatus with rotatably dr1v1ng the coil



bobbi n; a rotation nunber counting unit for counting nunber of rotations of
tthe coil bobbin on the basis of .the output of the detection unit; and a
winding 15 traversing unit for maintaining a w nding angle of t he wi ndi ng
wire at a predetermned value in respomsed t© the number of rotations on the
rot ati on numnber counting unit. The transformer coil w nding apparatus nmay
further 20 conprise: a detection unit $rOV|ded on the cojl. baobbin;
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The coil bobbin may comprise two flanges, and the
10 detection uniﬁ may comprise at least one optical marks
provided on one of the flanges of the coil bobbin and an
optical sensor for detecting'the'optical marks by one
cycle of rotation of the coil bobbin. Each of the
optical mafks may have a different light reflection
15 factor from another area of the flange where the optical
marks are not provided, and the optical sensor may
detect the light intensity reflected from the optical
marks. Each of the optical marks may have a specific
color different from another area of the flange where
20 the optical marks are not provided, and the opticai
sensor may detect the color of the optical marks.

The coil bobbin may comprise two flanges made of
dielectric material, and the detection unit comprises at
least one metal marks provided on one of the flanges of

25 the coil bobbin and a metal sensor for detecting the
metal marks by one cycle of rotation of the coil bobbin.
The metal sensor may comprise a magnet sensor.
. _BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be more clearly
30 understood from the description of the preferred
embodiﬁen;s as set forth below with reference to the
accompanying drawings, wherein:
Figure 1 is a schematic view showing an example
of a coil bobbin and driving mechanism according to the
35 related art; _
Figures 2A and 2B are plan views of a c011
bobbin for explaining problems in the related art;



rotations on the rotation nunber counting unit when 35 nunber of outputs

r output value of the rotary encoder upon reception of the output signal

of the detection unit is smaller than a value snaller than the output

gunber or the output value per ane cycte6 fhe transformer coil w nding .

apparatus nay further conprise: a nmenory unit for storing nunber of outputs
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Figure 5 is a plan view of the transformer coil
winding apparatus shown in Fig. 4;
' Figures 6A to 6C are perspective views showing

10 examples of the coil bobbin applying to the transformer
coil winding apparatus of the present invention;

Figure 7 is a perspective view of an example of -
a winding angle sensor applying to the transformer coil
winding apparatus of the present invention;

15 Figures 8A and 8B are plan views of a coil
bobbin for explaining opefations of the traverse unit
applying to the transformer coil ‘winding apparatus of
the present invention;

Figure 9 is a timing chart showing an example

20 of an output of a bobbin sensor and the output of an
incremental type rotary encoder applying to the
transformer coil winding apparatus of the present
invention; and

Figures 10 to 17 are flowcharts showing
25 operations of the control circuit of the transformer
coil winding apparatus according to the present .
" invention.
. DESCRIPTION OF THE PREFERRED EMBODIMENTS
For a better understanding of the preferred ]

30 . embodiments, first, the problems of the related art
will ﬁe explained, with reference to Figs. 1 and 2.

In a transformer coil winding épparatus of the
related art, a cylindrical coil bobbin is mounted to a
non-cut iron core of essentially circular cross section,

35 and the.coil (winding wire) is wound by rotation of the
coil bobbin.

Figure 1 shows an example of a coil bobbin and



rotations of the coil bobbin on the basis of the output of the detection
zunit; a rotary encoder provided on a drive shaft of the rotating drive
mechani sm and a winding traversing unit for maintaining a winding angle 20
of the winding wire at a predeterm néd Watue in response to the nunber of
“rotations on the rotation number counting unit and the output of the rotary

encoder. The w.nding traversing unit.my conprise: 1 ndi,ng angl e. sensor
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a gear of the drive shaft 202, and whereby

10 synchronization of a drive motor and the coil bobbin
201 is established for accurately obtaining the number
of turns of the coil unto the fraction. For example,
even when the winding start position and the winding
end position are offset for 1/4 turn or 1/2 turn, the

15 number of turns of the winding can be accurately
obtained up to the fractions of 1/4 and 1/2.

Further, in the transformer coil winding apparatus
of the related art, when the winding wire (coil) 206 is
to be shifted laterally (traverse), the shifting

20 magnitude is determined depending upon the diameter of
the winding wire 206. Note, the diameter of the winding
wire 206 may be fluctuated or shifted about + 20 %.

In the transformer coil winding apparatﬁs of the related
art, a trial winding operation is carried out for fine

25 adjustment of the traverse shifting magnitude so as to
obtain an appropriate winding angle, but the fine
adjustment cannot be obtained by the diameter
fluctuation of the winding wire 206.

' Concretely, as shown in Fig. 2A, when the diameter

30 of the winding wire 206 is large at an area 206a, the
corresponding portion AA of the winding wire (coil)} 206
becomes thick. Namely, when the diameter of the winding
wire 206 is large, the width of the coil at the portion
AA becomes long. Therefore, the following winding

35 operation for winding the wire 206 onto the portion AA
cannot be.orderly or correctly carried'out, so that the
producea_transformer is rendered an inferidf_



bobbin by a friction force between the coil bobbin and a rotating drive

« mechani sm of the transfornmer coil w nding apparatus, wherein the coi
bobbi n conprises: a detection unit for _counting nunber of rotations of the
5 coil bobbin by a rotation nunber cofinting unit, and the coil bobbin

Y being rotatably driven by the rotating drive nechanlsn1|n response to the
nunber of rog?ghg??r%% the rotati on nunber counting unit. The coil bobbin
may conprise an and the 10 detection unit nmay conprise at | east
one optical marksOpr ed@GhGﬁ daadof ashehbwandas Féf -t BE.cotlenbddisi n and an

opti cal SenSQ&aEQEeQeE&CEh@QwﬁQﬁlﬂﬁthﬁ@% @@@kisb%mgﬁq GXCla@ QfrelzOt ation of
the coil bobhi Each of the optical mark é have _a different i ght ’

reflection 159 %PacF3F FPGﬁPéﬁSPﬁéPgaPQéth“t Platye WS Wh &5t i cal
mar ks ar €5 noRopr alisde the came st e ignNt i mlmeSQUS%emiB)th‘ie'fdﬁ.thetﬂé& lofgthe

intensity refl.e ted fr.am g QRti I_cal S. QP of the o tlcal rks may
have a speci Fid &850?“5&? reft FF“S‘&nlan elm‘gr 2 < cfoq \rﬁ‘eer
portion BB becomes short. Therefore, the follow1ng
winding operation for winding the wire 206 onto the
portion BB cannot be orderly or correctly carried out,
10 so that the produced transformer is rendered an inferior
| transformer.

Further, in the transformer coil winding apparatus
according to the related art, a reversal operation of
the traverse shift is carried out by actuating the limit

15 switch with the traverse unit, when the coil (winding
wire) 206 abuts the flangé at either side end of the
coil bobbin 201. Nevertheless, in the transformer coil
winding apparatus of the related art, the gear teeth are
formed on the outer periphery of the coil bobbin 201,

20  and thus production cost for the coil bobbin 201
becomes higher and thereby the production cost of the
transformer is increased. Further, the rotational:drive
with a meshed gear is not suitable for high speed
rotation of the coil bobbin, and thus the meshed gear

25 is not suitable for mass production to again cause a
rise in the.production cost of the transformer. )

Note, as described above with reference to Figs. 2A
and 2B, when the traverse shifting magnitude is
determined depending upon the diameter of the winding”

30 wire, the actual winding wire diameter is not uniform
to cause a disturbance of the traverse shifting. This
cannot be compensated by fine'adjustment during trial
winding. Further, when the reversal of traverse shift
is carried out by actuating the limit switch with the

35 traverse unitj as described above, even when the
shifting magnitude of the traverse unit (traverse

shifﬁing magnitude) is adjusted to a predetermined speed,



20 the optical marks are not provided, and the optical sensor nmay detect
2the color of the optical marks. The coil bobbin may conprise two fl anges

made of dielectric material, and the detection unit conprises at |east one
.metal narks provided on one of the ffanges of 25 the coil bobbin and a
*netal sensor for detecting the netal marks by one cycle of rotation of the
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Below, the preferred embodiments of a transformer
coil winding apparatus according to the present

10 invention will be explained with reference to the
accompanying drawings.

Figure 3 is a block diagram showing the basic
construction of a transformer coil winding apparatus
according to the present invention. In Fig. 3,

15 reference numeral 1 denotes a coil bobbin, 6 denotes a
winding wire (coil), and 7 denotes a bobbin sensor.
Further, reference numeral 5 denotes a drive unit, 8
denotes a traverse unit, 20 denotes a rotating.drive
mechanism, 109 denotes a rotating number counting unit,

20 and 5a denotes rotary encoder.

As shown in Fig. 3, in the transformer coil winding
apparatus for wihding the coil (winding wire) 6 on the
coil bobbin 1, the rotatiné drive mechanism 20 rotatably
drives the coil bobbin 1 with the friction force.

25 Further, the detection unit for the coil bobbin (bobbin
sensor) 7 is provided for the coil bobbin 1. Note, the
rotating number counting'unit 109 counts the number of
rotations Cl of the coil bobbin 1 on the basis of the
output of the detection unit 7.

30 . Further, the rotary encoder 5a is, for example,
provided on the drive shaft of the rotating drive
mechanism 20, The drive unit 5 drives the rotating
d;ive mechanism 20 to rotate according to the number of
rotations Cl oN the rotating number counting unit 109

35 and the output C2 of the rotary encoder 5a. Note, the
winding traverse unit 8 maintains the winding angle of

the wire (coil) 6 at a predetermined value. Namely,



Figure 3 is a block diagram showi ng the basic construction of a transfornmner
=coi | w nding apparatus according to the present invention; Figure 4 is an
el evational view showing an .5 enbodinent of a transforner coil w nding
.apparatus according to the present irnvdftton, Figure 5 is a plan view of
“he transformer coil w nding apparatus shown in Fig. 4; Figures 6A to 6C
are perspect.ive views, show n exanples of the coi] bobbin pgﬁggng to.
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the transforner coi ng, apparatus of the present. ntion;
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an out put “of a I'n_sensor e ou an°Ther enen type rotary
encoder appl yewgpeb @ﬁeatwahéibﬁnéﬂgéélFemﬁﬁdlﬁ§a§p58F8FE§ 6Pethe present

winding angle of the wire 6 and is described later in
detail.
In the above transformer coil winding apparatus, by

10 employment of a friction drive, the gear teeth cannot

be formed on the outer periphery of the coil bobbin 1,

and only the detecting unit (bobbin sensor) 7 is

provided for the coil bobbin 1. Therefore, high

accuracy is not required for the coil bobbin 1, and thus
15 the production cost can be lowered. Further, because

there is no rotating drive with the meshing of a gear,

a-high speed rotation operation of the coil bobbin 1 can

be obtained, and mass production can be realized.

-

Further, even when synchronizing between the coil
20 bobbin 1 and the drive shaft is lowered, detection of
the accurate number of turns of the coil (winding wire)
6 can be made by the number of rotations of the coil
bobbin 1 and the output of the rotary encoder 5a.
Furthermore, with the output of the rotary encoder 5a
25 or the output of the winding angle sensor, the winding
angle can be stably maintained. i
Figure 4 shows an embodiment of a transformer coil
winding apparatus according to the present invention,
and Fig. 5 shows a plan view of the transformer coil -
30 winding apparatus of Fig. 4.
. In Figs. 4 and 5, a coil bobbin 1 is mounted
between two pairs of bobbin drive rubber rollers 2a, 2b;
2c, 24 and 2'a, 2'b; 2'c, 2'd which are opposed on a
pair of main shafts 2 and 2' at appropriate intervals.
35 Further, the coil bobbin 1 is pressed by a pair of
bobbin retainer rollers 3 from the above. Note, motion

of the bobbin retainer rollers 3 in an up and down



I nvention; and Figures 10 to 17 are flowharts showi ng 25 operations of
sthe control circuit of the transfornmer coil w nding apparatus according to
the present invention. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS For a
better understanding of the preferred~3Dl— enbodi nents, first, the problens
*of the related art will be explained, with reference to Figs. 1 and 2. In a
transfornmer coil wi nding apparatus of the related art, a cylindrical coi
bobbi n is nouBfsgctdon KR Ot SATEHedoPd tob Ye &s @RELARNE idYddinde e rdoss

section, 35 angaiag yCOihenWithd HBONINe)r it ie#nadday ore! 3t ixde afovdiedoi |
bobbin. Figure 1 shows an ex%qplg,of 3 coi | .bobbin and %ﬁﬁvﬁn mechani sm
according to PRe2PRIARIF AR IrdtigngLorsr 4%y 958 SraNFS ASRISPS a coil
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reference §ur‘r|§rdalan2c10]2 ,daeq__%t Paka bgrOitlheb%br%is%urQeo%fd%%t ep%eumatié
cylinder 4.

The main shafts 2 and 2' are driven by a main shaft
driving spindle motor 5 which incorporates an
incremental type rotary encoder S5a, and the coil bobbin

10 1 is driven to rotate and wind the winding wire thereon,

Note, a traverse unit 8 including a torgue control
device (not shown) for providing an appropriate tension
for the coil is provided for the transformer coil
winding apparatus.

15 Figures 6A to 6C show examples of the coil bobbin
applying to the transformer coil winding apparatus of
the present in&ention.

As shown in Figs 6A and 6B, a bobbin sensor 7 is
provided for the coil bobbin 1 to detect one cycle of

20 rotation of the coil bobbin 1. Note, the coil bobbin 1
comprises two flanges, and these flanges (or coil bobbin
1) are made of dielectric material, such as a plastic.

Concretely, as shown in Fig. 6A, the bobbin sensor
7 comprises an optical mark 7a provided on one of the

25 flanges of the coil bobbin 1 and an optical sensor 7b.
Note, the optical sensor 7b is fixed on the transformer
coil winding apparatus and is used to detect the optical
mark.7a by one cycle of rotation of the .coil bobbin 1.
In this case, for example, the optical mark 7a is -

30  formed by a black mark, and the flanges are formed by a
white (or light color) coil bobbin, so that the optical
sensor 7b can detect the optical mark 7a by the
reflection light inténsity between the optical mark 7a
(small reflection ligh£ intensity) and another area

35 (large reflection light intensity) of the flange where
the optical mark 7a is not provided. Note, the optical

mark 7a can be formed by a white mark, and the flanges



5 adrive shaft, and 206 denotes a winding wire (coil). As shown in Fig.
<1, in the transfornmer coil w nding apparatus of the related art, gear teeth
are formed on the outer periphery of the coil bobbin 201 to nmesh with a
gear of the drive shaft 202, and wherelhg-10 synchronization of a drive
*notor and the coil bobbin 201 is established for accurately obtaining the
nunber of turns of the coil unto the fraction. For exanple, even when the
wi ndi ng st artcfshd i Sormedl Hhea vib Tkt g( €Ndd poisi ¢o bar hreo bl fsebbimy 1/4 turn

or 1/2 turn, the unber f n t

obtained up to th(leI;"f’F ?rfbn%l?%féﬁgg dm%]lg y\%u‘?%ﬁgbgaiﬂn&?hggf%%s or mer
coi | wi ndi ng apppeat Eikc ofolde metbteﬂoarexamnbh:thedmﬂhdbhgemﬁ?bofc0|I) 206
s to be shifgeaclalerldy;Liayer Salochbe aPEAIbAGLRE fﬂ@ﬂgétﬁﬂ&és

det ermi ned dependi ng upon t di ameter of the winding wir 06. Note, the
di ameter &f ttkevwrEieal WwaEk208 HByneE ProRidafedSof °ERPFtBY about + 20 %

In the ”anSfQ{;HEﬁeP%bllMDdfﬁﬁ éﬁ@ﬂﬁ@éusg@éehmrrgéaned aolora.trial
wi ndi ng operatlon IS carri out

shifting ragnfeEEReso BRe tBPBbFﬁFnSSHSSBp?épFFQt ea%%EEhS gﬁs grg%uge{ﬁg

fine between the colors between the color mark 7a (for
example, a red portion) and another area of the flange
10 (for example, a green area). Therefore, the optical
sensor 7b can detect the optical mark 7a by one cycle
of rotation of the coil bobbin 1.
On the other hand, as shown in Fig. 6B, the bobbin
sensor 7 comprises a metal mark 7'a provided on one of
15 +the flanges of the coil bobbin 1 and a metal sensor 7'b.
Note, the metal sensor 7'b is fixed on the transformer
coil winding ‘apparatus and is used to detect the metal
mark 7'a by one cycle of rotation of the coil bobbin 1.
Note, the metal mark 7'a is formed by a metal film for
20 adhering on the flange of the coil bobbin 1 or a metal
piece for fitting into the flange of the coil bobbin 1.
Further, the metal sensor 7'b is, for example, a magnet
sensor for enabling to detect the metal mark. In this
case, a sensitive of the metal sensor 7'b is specified
25 to a low value, or the fixed portion of the metal
sensor 7'b is located at some distance from the coil
bobbin 1, to avoid an erroneous deteétion of the winding
wire “(metal wire) 6 which is wound on the coil bobbin 1.
3 Therefore, the metal sensor 7'b can detect the metal ~
30 mark 7'a by one cycle of rotation of the coil bobbin 1.
Further, as shown in Fig. 6C, four optical marks 7a
are provided-on the flange of the coil bobbin 1 as a
plural. Namely, the optical mark 7a provided on the
flange (with reference to Fig. 6A) is not limited by
35  one, but a plurality of optical marks 7a can be provided
on the flange. In this case, the optical sensor 7b

detects four optical marks 7a per one cycle of the coil



adj ust rent cannot be obtained by the dianeter fluctuation of the w nding

W re 206. Concretely, as shown in Fig. 2A, when the dianeter 30 of the
winding wire 206 is large at an area 206a, the correspondi ng portion AA of
the winding wire (coil) 206 becones i kT Nanely, when the dianeter of the

"Winding wire 206 is large, the width of the coil at the portion AA becones
| ong. Therefo

e, .the_follow.n i ndi 35 yeratign_for w.ndi.ng the wre
206 onto the %SPP?BnlAA ééﬂﬁ&?r@%'okggrF?tsﬁPESF%egtFyPESFRESS gﬁt, so t hat
the produced thensfienger (Wwithemeérednar knf 8iger 6B) i8- notaddmatedr byOn the
other hand, ag,ghogel @ BhfiradBe,"B2nnble 10haTREey qf chlenyl AgiRy wi re 200

is small at an area e corresponding portion BE of the wnding wire
5 206 al so beeekédedhprn. thRafdrpgewhen the di aneter of the winding wire

206 is smg |, the wsdiglsekribla adiovedt akha RGB! bR BRI rkROMa.
Theref.ore, thgrfgklgggg% one metal marks 7'a can be provided on the
the flange of the coil bobbin 1. 1In this case, a plural
numbers corresponding to the optical marks 7a or the
metal marks 7'a are detected by each one rotation cycle
10 of the coil bobbin 1. Further, as shown in Figs. 6A to
6C, the optical mark 7a is formed as a rectangular shape,
and the metal mark 7'a is formed as a circle shape, but
the shapes of the marks 7a and 7'a are not limited by
the rectangular and circle shapes and can be formed as
15 wvarious shapes.
Figure 7 shows a pefspective view of an example of
a winding angle sensor applying to the trahsformer coil
winding apparatus of the present invention. As shown in
Figs. 4, 5 and 7, the traverse unit 8 includes a
20 tension wheel 81 (which is shown in Fig. 4) controlled
by the torgque control device, a reference.rollerisz and
a winding angle sensor 83 for detecting the winding
angle of the winding wire 6. As shown in Fig. 5, the
reference roller 82 and the winding angle sensor 83 are
25 driven by a ball screw 11 with a traverse drive motor
(stepping motor) 9. Therefore, alignment winding to
wind the winding wire for each layer, can be carried out.
_As shown in Fig. 7, a leaf spring 84 is provided on
the shaft of the winding angle sensor 83, and a windihg
30 wire guide chip 85 having a V-shaped groove is provided
at the tip end. The winding wire 6 extends through the
V-shaped groove of the reference roller 82 and further
through the V-shaped groove of the guide chip 85, and
then the winding wire 6 is supplied to the coil bobbin 1.
35 Figures 8A and 8B show plan views of a coil bobbin
for explaining operations of the traverse unit applying

to the transformer coil winding apparatus of the present



wi ndi ng operation for winding the wwire 206 onto the portion BB cannot be
sorderly or correctly carried out, 10 so that the produced transforner is
rendered an inferior transfornmer. Further, in the transformer coil w nding
_apparatus according to the rel ated art,r_g reversal operation of the
“traverse shift is carried out by actuati ‘b the limt 15 switch with the
traverse unit, when the coil (winding wire) 206 abuts the flange at either

side end of the GQideiRehbi QL. WMeverHelRed dhtdded ransidmir i |
wi ndi ng apparatus of the related art, the gear teeth are forned %n t.he
c

outer peri pher gt th@ndithepsiRidingoEress g iy HFF L ¥ the

coi | bobbin 20kpeecins HuHier 1ankddiey ahedia geaatiiotitin et afhdhe
transformer is i ncreasged. Furet rke

gear is not suit¥ol"E- %G speréchC:OE'{eear’?éﬁé I()qn?ln'e {g%:%lf%%mb}oﬁ?aﬁzgﬁgus
the meshed §earoZert=diotitduinesdeact dro ndes JinedUetdofined aygaitheause a
rise in the prodyctd on,£9sfe e ddieddANOrdEra2 NU L c10S £e5£1 | badeapove
with regerence toq-lt—élgs. g%amf 2B, v%en the traverse shifting magnitude is
det ermi ned deperfdithte upio inte ANBRI\NWT e ihARRGLe * (Fig. 8A)

or - © (Fig. 8B). At this time, the winding angle

sensor 83 desirably has small frictional resistance

10 against rotation and -a large output. It is also

desirably small and inexpensive. For example, the

winding angle sensor which employs a non-linear type

magnetic resistance element, can be used.

Next, processes of a control circuit (microcomputer)

15 10 of Fig. 4 will be explained.

As shown in Fig. 4, the control circuit 10 includes
an A/D converter 101, -an input port 102, a central
processing unit (CPU) 103, a ROM 104, a RAM 105, a back-
up RAM (b-RAM) 106, an output port 107, and a clock

20, generator 108.

The A/D converter 101 receives the output of the
winding angle sensor 83. The output of the counter 109
is input to the input port 102. The counter 109 is
designed for counting the pulse of the incremental type

25 rotary encoder 5a and is cleared by the output of the
bobbin sensor 7, namely every one cycle of rotation of
the coil bobbin 1. Further, the counter 109 is also
cleared by the CPU 103 as described later. .

The input port 102 receives the output of the -

30 bobbin sensor 7, and signals from various switches on a
control panel, such as a home-switch 12, a press-switch
13, a start-switch 14, a stop-switch 15, a rightward '
traverse switch (right-switch) 16, a leftward traverse
switch (left-switch) 17, and the 1like.

35 The ROM 104 previously stores the latter described
programs, constants and the like, and the RAM 105 also

temporarily stores data. Further, in the back—up PAM



30 wire, the actual winding wire dianeter is not uniformto cause a

«di sturbance of the traverse shifting. This cannot be conpensated by fine-
adj ustment during trial wi nding. Further, when the reversal of traverse
shift is carried out by actuating the™l 1$n‘t switch with the 35 traverse
“unit, as described above, even when the shifting magnitude of the traverse

o it'15 possifie MHICR e MAFEFEIY HTeSkea BorolE ar iat tEoG cachi ng ¢ he
predet er m ned stowin Jwi dtefr wiirted liehelatai |1 snistidr eids ivari alginewhedpdridieng upon
froquent |y perfarmes ti roiaginblery Y Vit Hid AP AT Y von or
shifting speedhef code muambarse afninesmaltdwe tUfedhabbing aRinetfis of a
transformeg cQigi 14, NGubaPRA aluth LEPWIAW £t tdrasent Whdihgntion
will be explained with reference to the . . .
_ wire diameter (in this case, nominal wire diameter,
winding start portion, winding end position, slow start
winding number-for winding over which winding is to be
carried out at low speed, ratio relative to the maximum
10 speed for winding at low speed at both ends of the coil
bobbin (%), the reversal angular variation (6 .:.) at
both ends of the bobbin, the holding winding angle (© z),
degree of slowing down at stopping, commend and so forth,
are stored. Namely, upon the winding operation, by
15 accessing the code number, the electrical condition for
the corresponding winding can be set.

As shown in Fig. 4, a D/A converter 110 commanding
the speed of the main shaft spindle motor 5 and a driver
circuit 111 for the main shaft spindle motor 5 are

20 connected to the output port 107. The driver circuit
111 includes a comparator for comparing the output of
the D/A converter 110 and a voltage determined by a
variable resistor 18 which sets a maximum speed. When
the ouﬁput of the D/A converter 110 is smaller than the

25 maximum speed value, the main shaft spindle motor 5 is
driven at a steep corresponding to the output of the D/A
converter 110. ©On the other hand, when the output of
the D/A converter 110 is greater than the maximum speed
value; the main shaft spindle motor 5 is driven at a -~

30 speed of the maximum speed value.

Further, the output port io7 is also connected to a
rate generator 112 which generates one pulse per given
number of pulses of the incremental type rotary encoder
5a, and a driver circuit 113. The given number of _

35 pulses is preliminary set in the rate generator 112 by
the CPU 103. The driver circuit 113 drives the stepping
motor 9 in left hand direction or in the right hand



acconpanyi ng drawi ngs. Figure 3 is a bl ock diagram show ng the basic
sconstruction of a transforner coil w nding apparatus according to the
present invention. In Fig. 3, 15 reference nuneral 1 denotes a coi

_bobbin, 6 denotes a winding wire (coil), and 7 denotes a bobbin sensor.
“Further, reference nurmeral 5 denotes & #five unit, 8 denotes a traverse
unit, 20 denotes a rotating drive nechanism 109 denotes a rotating nunber
counting unit, 20 and 5a denqgtes rotary engﬁﬁgk?hAs shown in ﬁ#g in the

.3,
transformer c8iiFSGHAN SRR IRYY hish L AMISR FHG §Se) 6 on
the coil bobbidatk ddmeradoat iv1® din wedpmmnitontie ndedtedly difdewasi dhe
coil bobbin 1 with the fricti faqrce. 25 Further, e ection.unit for
the coil bobbic\r%gm('%o%%isnlinea(r:llsof(r)r)%wq:lhse porutz)c\ﬁud"e(? rgcr ’t% cgﬁe bCEJéo‘?)Jl1ant-'u’%%rg Not e,
the rotating mfiidre ol igapapdtor1 04 T man g Honrmpersoftwateti ons Cl of

the coil bgbbin 1 qpddie fassfeidie g @y s del eclian piide Tac 30
Further, the rotary encoder 5a I's, for exanple, provided on the drive shaft

of the rotati g tdming AARMIATR HPnvERs ian E (H1e &/ Rir¢oree ity riiht i ng

upon receptioq of the output of the bobbin sensor 7, a
predetermined time interval of the clock generator
circuit 107, e.g., upon receipt of a pulse signal every

10 4 ms. For example, the bobbin sensor 7 generates one
pulse per every one cycle of rotation of the coil
bobbin 1.

Below, the operations of the control circuit of Fig.

4 will be described. Note, in advance of initiating

15 (turning ON) operation of the control circuit 10,
preparation is carried out for setting mechanical
conditions, such as the widths of the bobbin driving
rubber rollers corresponding to the dimension of the
coil bobbin, setting the pressure for the bobbin

20 retainer roller 3, adjustment of an angle of a core
receptacle, setting of the windiné wire, setting of the
_torque of the torque control device, setting of variable
resistor for the maximum speed of the main shaft ﬁ, 2'.

Figure 10 (Figs. 10-1 and 10-2) shows a main

25 routine, which is initiated in response to turning ON a
power switch (not shown). The main routine is an idle
loop including an initialization routine step 801, and
steéé 802 to 811 for responding to various switches 12
to 15. - . -

30 In the initialization routine step 801, the code
number of the bobbin to be used is entered through a
keyboard (not shown). Based on the entered code number,
the data representative of the above-mentioned electric
condition, such as number of coil, number of turns to

35 wind for each coil, windidg wire diameter (in this case,

nominal wire diameter, winding start portion, winding

end position, slow start winding number for winding



drive nmechanism 20 to rotate according to the nunber of rotations ClL oN the
fotating nunber counting unit 109 35 and the output C2 of the rotary
encoder 5a. Note, the winding traverse unit 8 maintains the w nding angle
of the wire (coil) 6 at a predeterm ned value. Nanely, -10- the w nding
fraverse unit 8 mmintains the wi nding_angle of the wire 6 at a
predeterm ned val ue dependi ng upon the output of the rotary encoder 5a, or
in the alternative, the winding angle of the wire 6 is 5 maintained at a

predet er m nedovakuphileRendhagnypos thepouthdtiel auw Bdi Rg1aRgkpegansor
that detects the. w nd the wire i_s descr.i, bed Iater in

e 0
detail. In th53558v§eh?gh§?g#ﬂeFﬂﬁo?FxhpﬂﬂlﬁBeﬁgpﬁPétH§n d5P918 8npl oynent
of a frictionldwi ypeeihatgbatht entih oanbhe beifilobpbdian(&Ne a@heer peri phery

of the coil b??@égs%F gHgBPQLyvégga ? &%ﬁ “E'Et(BBQH'QnﬁQ”EQV) 7is

provi ded for The coi er hi g
‘ 5 the bobbin, the holding w1nd1ng angle (8 ), degree of

slowing down at stopping, and so forth, are transferred

to the RAM 105. Also, initialization (clear) of the

counter Cl of the RAM arid so forth. Furthermore,

number n of pulses of the incremental type rotary

10 encoder 5a per pulse of the stepping motor 9 is
previously calculated.

At the step 802, judgement is made whether the

home~switch 12 is ON or not. Ohly when the home-switch
12 is ON, the process is advanced to the step 803 to

15 shift the traverse unit 8 to the winding start position
by means of the stepping motor 9. When the home-switch
12 is OFF as checked at the step 802, the process is
directly advanced to the step 804. In should be noted
that, at the OFF position of the home-switch 12, the

20 end of the winding wire (electric wire) 6 is engaged to
the coil bobbin. On the other hand, when the traverse
unit 8 is positioned at an inappropriate position, the
rightward traverse switch (right-switch) 16 or the
leftward traverse switch (left-switch) 17 is turned on

25 to adjust the position of the traverse unit 8 through a
routine (which is not shown).

.At a étép 804, a check is carried out to determine
whether the press-switch 13 is, ON of not. Only when the
press-switch 13 is ON, the process is advanced to a . -~

30 step 805 to determine whether the bobbin retainer
roller 3 is.depressed onto the coil bobbin 1 with a
predetermined.pressure. Namely, the press switch 13 is
used for urging the bobbin retainer roller 3 onto the
coil bobbin 1 (setting) and for releasing it from the

35 coil bobbin 1 (release). Accordingly, in response to
the first switching of the press switch 13 to ON, the

bobbin retainer roller 3 is depressed onto the coil



accuracy is not required for the coil bobbin 1, and thus 15 the production
scost can be |owered. Further, because there.is no rotating drive with the
meshing of a gear, a high speed rotation operation of the coil bobbin 1 can
be obtai ned, and nass production can-bé8realized. Further, even when
synchron|2|ng between the coil 20 bobbin 1 and the drive shaft is | ower ed,
detection of the accurate nunber of turns of the coil (winding wire) 6 can
be made by t bebiimbdr, @nd diatienpense thre the |sasss Wi i rheout put  of

the rotary eRedejreaas ML d/tdth-.ﬁét%dw:nutréﬁaitﬂ"& erila.tre/r encoder
5a 25 or the output of -t he wi ndi ng angl-e sensor, the ndi n e can be
stably mai nt disnd®leaspd &P R "a‘h’-]e Ment- of REGSERES or r1g'be'cn I :

vv: ndi ng app?rsat;teqs mo][ﬂ Nk tios tf&éﬁ’rﬁﬁ%‘d tHate the rholstnich Frg:ai‘nesﬂ'tows a

pl an view.of t sf or oll 30 .w ppay at g. In Figs.
4 and 5, 3 cdiv %lﬁfogpr?slr} nggeLﬁﬁesas%%t V% %%Iras IS){)objb tdel’l ’
rubber roll erps:@as&bt,s aivantehdk @' a, siZéna 8l26 cto Zduml'@hﬁab@bhﬂgiposed on a
pair of main s 2 25 E FoRDOR BB I BOBEYR! £ £ be FlipHEIzed he

coi |l bobbin 1 |s pres apar o
thereonto. Conversely, when it is determined that the

bobbin retainer roller 3 is depressed onto the coil

10 bobbin 1, the process is advanced to the step 807 to
drive the coil retainer roller 3 away from the coil
bobbin 1 to release. When the press switch 13 is OFF
as checked at the step 804, the process is directly
advanced to the step 808.

15 In the step 808, it is determined whether the start
switch 14 is ON or not. bnly when the start switch 14
is ON, the process is advanced to the step 809 to set a
main shaft motor ON flag FX which turns the main shaft
spindle motor 5 ON (FX = 1). On the other hand, at a

20 step 810, it is deternubed whether the stop switch 15
is ON or not. Only when the stop switch 15 is ON, the
process is advanced to the step 811 to reset the main
shaft motor ON flag FX for turning OFF the main shaft
spindle motor 5 (FX = 0). Subsequently, the process is

25 returned to the step 802. Note, the main shaft spindle
motor 5 is controlled corresponding to the flag FX
through the routine, which will be described later.

~Figures 11 shows the routine for controlling the

main shaft driving spindle motor 5, which is executed”at

30 predetérmined time intervals, e.g., every four milli
seconds (4 ms). At a step 901, it is determined whether
the main shaft motor ON flag FX is "1" (main shaft ON
control) or "0" (main shaft OFF control). When FX =
“1", ON control for the main shaft driving spindle motor

35 5 through steps 902 to 906, and when FX = "0", the main
shaft driving spindle motor OFF control is carried out
through steps 907 to 909.



bobbin retainer rollers 3 fromthe above. Note, notion of the bobbin
retainer rollers 3 in an up and down direction can be carried out by a
pneumatic cylinder 4. Namely, when the_ h@hbin retainer rollers 3 are
l.owered, an appropriate friction force i's generated between the coil bobbin
1 and the bobbin drive rubber rollers 2ato 5 2d and 2'a to 2'd by the

pressure of the pneuaaélcaeykh@dgﬁeﬁ 9aﬂe ﬂ@'ﬂsS@éEE§n2n§8dwﬂetﬂée gdrkven
by a main shaft dr|V|ng Eln dle mptor 5 wh '|ncorgorates an |nch nt al
type rotary entbB@tP8a>taRd PREIELPP bﬁbBFﬁhiB a1slevwystgLh £37E6t and

wi nd the w ndi agcwW( E€ovheraes. wNﬁHQnganﬁﬁlBEQDSﬁolﬂntheB:Lhﬁthudi Bgaget or que
control device (not homn for OVI n a grlat %nsko nL%@ t he
coil is providBf ¥3f %ﬂg %FaﬂgFo 8ﬁl &F ggﬂa Qﬁpg a5, fg
Figures 6A% 0 6C eﬁohhexanpuebobblhhecadphlbmbblnhappbylmgetmouhéne
transformer colf;whngdiRg 88PR53LUSsRh GHRR\ESRR! thaVeRelPBo3, it is
determined whether the value of the winding number
counter Cl représents both end regions of the coil
bobbin 1. When Cl1l < C (slow start winding), a slow

10 start speed SP1 is provided to the driver circuit 111
through the D/A converter 110 as the speed SP of the
main shaft driving spindle motor 5, at the step 904.

On the other hand, when the value of the winding
number counter Cl represents both d regions of the

15 coil bobbin 1, a lower speed SP2, which _is a given
ratio (%) to the maximum speed SPMAX, is provided for
the driver circuit 111 through the D/A converter 110 as
the speed SP of the main shaft driving spindle motor 5
at a step 905. When the value of the winding number

20  counter Cl is neither the slow start range or both end
regions of the coil bobbin 1, the maximum speed SPMAX
is provided for the driver circuit 111 via the D/A
converter 110 as the speed SP of the main shaft driving
spindle motor 5, at a step 906. Note, in this case,

25 since the maximum speed SPMAX is defined by the variable
resistor 18, the command which the CPU 103 provides to
the D/A converter 110, is of sufficiently greater value
thap_the SPMAX in practice, at a step 906.

‘Fu:ther, in the step 907, it is determined whethér

30  the number of windings reaches the predetermined number
upon turning of the main shaft and the turn ON flag FX
is reset to "0". Until the number of windings reaches
the predetermined number, the speed:- SP of the main shaft
driying spindle motor 5 is set at the low speed SP2 at

35 the step 908. When the predetermined number of turns is
reached, the speed SP of the main shaft driving spindle
‘motor 5 is set to 0 to stop the motor, at a step 909.



As shown in Figs 6A and 6B, a bobbin sensor 7 is provided for the coi
sbobbin 1 to detect one cycle of 20 rotation of the coil bobbin 1. Note,
the coil bobbin 1 conprises two flanges, and these flanges (or coil bobbin
1) are made of dielectric material, sacd0as a plastic. Concretely, as shown
in Fig. 6A, the bobbin sensor 7 conprises an optical mark 7a provided on
one of the 25 flanges of the coil bobbin 1 and an optical sensor 7b. Note,
the optical s¥amedy7bwhenfithedmennt kbaftamotormON Edinlg WiXndisngwisdrest us

and is used t@.dat@gh gengptlggbgggﬁg o}at g ﬁggnpg%ggtphfyufgdcwlof t he

coil bobbin-1l. In this case tical mark 7a is 30 forned
by a bl ack nafRingAg WﬁéoFléngésC&FélﬁérﬁﬁG 5Pramﬂ$QH§qﬁﬁyIﬁRﬂﬂP%ﬁﬂcN)

coi | bobbin, gget Batnet he r@ghi,Calk $hRS@kepD 938N ARLRClrdutd neptical mark 7a
by the retlectlon | i |ntenS|ty between the optical mark 7a (snal

reflectioPli§ Fmﬁﬁﬁgﬁglty) and another area 35 (large reflection |ight
intensity) of the Fliange Whehewshanopixiampll enifk aéd outpudl qff evikbbid\ot e,

the optical ”aé§sé% %%ﬁ Q% f%%qgutb%faQMMJH%HgﬁéﬁtéT“{§ﬂg Jétr¥¥S
encoder applying to the transformer coil winding
apparatus of thé pPresent invention. . As clearly shown

10 in Fig. 9, when the bobbin sensor 7 and the rotary
encoder 5a are exactly operated, the relationship
between the number of the output pulse of the bobbin
sensor 7 and that of the rotary encoder 5a is
maintained at a specific constant value.

15 Figure 12 shows an interrupt routine to be executed
at every occurrence of an'output of the bobbin sensor 7,
and namely every one cycle of rotation df the coil
bobbin 1. At steps 1001 and 1002, the maximum output
number C2MAX of the incremental type roﬁary encoder Sa.

20 is set. Namely, at the step 1001, it ;é determined
whether the value C2MAX has alreaaywbéen set or not.
Only when the value C2MAX is not set, the wvalue C2 of
the counter 109 is set as the value C2MAX, at a step
1002. At a step 1003, it is determined whether the

25 wvalue C2 of the counter 109 is greater than a value
C2MAX - a smaller than the above-mentioned value
C2MAX, at a step 1003. When C2 < C2MAX - g it is
regarded that chattering is caused in the bobbin sensor
7. Then, the process jumps to a step 1009. It may bé

30 possible to generate an alarm at the occurrence of
chattering.

At a step 1004, associated with finishing one cycle
of rotétion of the coil bobbin 1, the wvalue C2 of the
counter 109 is cleared. At a step 1005, the counter Cl

35 is cduhted up by + 1. At a step 1006, it is determined
whether the value Cl reaches a bobbin stopping turn
number C1MAX of the coil bobbin 1, at a step 1005.



- 12- can be fornmed by a black (or dark color) coil bobbin. Further, the
soptical mark 7a can be also fornmed by a specific color mark, for exanple,

red or blue color marks. In this case, qnother area of the flange where 5
the optical mark 7a is not provided |szforned by anot her color, for
“exanpl e, green or yellow colors. Further, the optical sensor 7b can sense

the difterenghdelypen ¢igago! éﬁﬂ%ﬁ*?ﬂa%@%g&@!{:?o?ﬁﬂilf apkf oL exanple, a

red portion) anot area o | ange 1 le, a_green
area). Therefeset {R& pr?c%F aepteP ¥H0¢anapdt BRe ERABNEPE| CAl Rark 7a by

one cycle of éPéé‘fé@na@fatE‘@eﬁoiboﬁ)Obbtﬂ dno®Nat be abbea baad, wAasnshown in

Fig. 6B, the bobbin, sensor ses al mark 7' a ovi ded on_one of
15 the flangee ofaiReSR3fF %%B% t&r%nBNn?iﬁgaFXséﬁsﬁFsgi : t 831fhe

metal sensgor thftSdfixengQPihgléraﬁsbﬁrBeiscmoaemnndnygsappaedtus and is
bobbi n 1. Net et PRERmERs TRePR 30a-) 28076, LR Bplaohd: B¢ FRem v 20
adhering on thieefi| ahhe obuthpecdsl| tbobbhnatédoataanstap 1009.
Figure 13.shows a routine for processing. the output
of the encoder, namely the value C2 of the counter 109.
10 The shown routine is executed at every predetermined
timing, e.g., every four milli seconds (4 ms). At a
step 1101, the value C2 of the counter is read out. At
a step 1102, the shifting of the traverse unit 8 is
controlled depending upon the value C2. Further
15 discussion for the step 1102 will be given later. Note,
steps 1103 to 1105 are prbvided for compensating when
the output of the bobbin sensor .7 is not generated due
to failure. Namely, at a step 1103, when the value C2
of the counter 109 is greater than a value C2MAX + 8
20 which is greater than the set output number C2MAX of
the coil bobbin 1, it is regarded that the failure
occurs on the output of the bobbin sensor 7. Then, at
a.step 1104, the winding counter Cl1 is incremented by +
1, and at a step 1105, the value C2 of the counter 109
25 is cleared. Note, it is possible to generate an alarm
at this instance. Then, the routine is terminated- at a
step 1106.
Figure 14 shows a detailed routine of the traverse
shift control step 1102 of Fig. 13. Namely, at a step
30 1201, the increment value C2 of the output number C2
of the encoder is calculated by: AC2 <« C2 - C2;
where, C2, 1s the immediately preceding value of the
value C2. At a step 1202, it is determined whether the
increment value A C2 is greater than the pulse number n

which has been previouslyicalculated in the

<o
[$))]

initialization routine step 801 of Fig. 10 (Fig. 10-1).

Only when C2 >n-, one pulse is output ffom the



piece for fitting into the flange of the coil bobbin 1. Further, the netal
ssensor 7'b is, for. exanple, a magnet sensor for enabling to detect the
metal mark. In this dase, a sensitive of the netal sensor 7'b is specified
25 to a low value,.or the fixed portion2df the netal sensor 7'b is |ocated
*at some distance fromthe coil bobbin 1, to avoid an erroneous detecti-on of
the winding wire(netal wire) 6 which is wound on the coil bobbin 1.
Therefore, theSEPRI"§eM95077%p 3tar d&edct20Re ndhan.- 2302 mdep 2284y one
cycle of rotatithe dhctremetti vahalbin ch ikukhkaredaForheWe inkxki 9. 6C, four
optical marks 7§e%h%i%rp%idgd -on the flange of the coil bobbin 1 as a

the “op

pl ural . Nanely? i CA- Fark 7a provided on the flange (wth reference

to Fig. 6A) is not Funithed bpt3s sde 12015,a fplcupaleiphy aafi oaptofcaherar ks 7a
can be provydedeqd Lhechkdac. chil Wihet33e rkN 2ot EAc S Qs QL 7l det ect s
mar ks 7 I 5" bSbbi*n °F

four optica a per one cycle of the coi L
Simlarly, thethétBrefgAkng §YSA6vivad®eo®2, . At a step 1206, it is

determined whether the traverse unit 8 is to be
reversed, namely whether the driving direction of the
stepping motor 9 is to be reversed, or not, by checking
10 whether the .value Cl of the winding counter Cl reaches
the reversal value or not. Only when the judgement is
made that the traverse unit is to be reversed, the
process is advanced to a step 1207 to reverse the
revolution direction of the stepping motor 5a. Then,
15 the routine is terminated at a step 1208.
Next, the modified embodiments of Figs. 12 to 14
will be explained with reference to Figs. 15 to 17.
Figures 15 to 17 show the condition in which the
winding start position and the winding end position on
20 the coil bobbin 1 are different, namely, a difference
is present between the winding start position and the
winding end position. 1In this case, the OFF control of
the main shaft driving spindle motor 5 is defined by
the value C1lMAX of the winding number counter Cl and the
25 value C2s of the counter 109. Accordingly, in the .
routine of Fig. 15, the steps 1006 to 1008 of Fig: 12
are not provided, and instead, the steps 1401 to 1404 of
Fig.. 16 are provided. Also, the traverse shift control
step 1102' is differentiated from the traverse shift
30 control step 1102 of Fig. 13, accordingly, the routines
of Figs, 14 and 17 are differentiated from each other.
At the step 1401, a check is carried out to
determine whether the winding number counter Cl reaches
the predetermined value CIMAX. At a step 1420, a check
35 is carried out whether the output number C2 of the
encoder reaches the predetermined value C2s. Only when

Cl > ClMAX and C2 > C2s, the main shaft motor ON flag FX



the flange (with reference to Fig. 6B) is not limted by one, but a
«splurality of metal marks 7''a can be al so provided on the flange. 5

As described above, at |east one optLpig_narks 7a or at |east one netal
marks 7'a can be provided on the the ffange of the coil bobbin 1. In this
‘case, a plural nunbers corresponding to the optical marks 7a or the netal

ks 7' d bbi
marks 72 arg delegleq dy eagh 0ng nalald N Geldrsl Qo d e s nbobbi N 1.

as SRown i'gs She optl cal formed as a
rectangular Qﬁaﬁeg-amitﬂﬂ;rhh%ﬂmaﬁmﬂéhﬁﬁi|¢$#Wﬁﬂﬁ%§3&94#%ﬂWQﬁ%Fs%ape but

the shapes of the piykS A Wb &1 & MMctdrE ts?r(bvm/nd@ d@@éﬁM' ar and
circle shapes and can be formed as 15 various sha es. ure ows a

perspective BrOFSS Af SRANHEVAT S M 'nd UHF X Ijﬁ‘(hg tD* t he
transforngr ¢gigd. wedi NthaapnAwitise Qé‘hitihe d?drﬁtsmll iS’lVﬁlfr:Ddﬂd dst shown in
32t oo aphey iRy O SR of 40P LEPSLfeq LEESLD HUFEL
reference roldferri32. and. a wi ndi ng angl e sensor 83 for det ecting the w nding
angl e of the w ndizﬂ? yg@e&'lffﬂ S&Pvﬂéﬂ f‘},g'tﬁe'&ﬂ?ding angle © of
the winding angle sensor 83 is read out through the A/D
10 converter. Then, at a step 1502, the variation
magnitude A © of the winding angle © is calculated by:
A© <« © - ©,;-.1; where, © ;.,; is the immediately
preceding value of the winding angle © .
At a step 1503, it is determined whether the
15 absolute value| © | of the variation magnitude A © of
the winding angle € is éreater than a reversal angle
variation magnitude © ,;.. Namely, judgement for the
abrupt variation of the winding angle € 1is carried
out. By this, it can be determined whether the winding
20 wire 6 comes into contact with one of the flanges of the
coil bobbin 1. Only when the abrupt variation of the
winding angle ©& 1is detected, the process is advanced
to a step 1504 to cause a reversal of ;he revolution

direction of the stepping motor 9, and accordingly
reverse the traverse unit 8.

(3% ]
wn

At steps 1506 and 1507, the steady state operation
of the stepping motor 9 is carried out. namely, at the
step 1506, it is determined whether the absolute value
| © | of the winding angle © 1is greater than a holdiﬁg-

30 winding angle © ;. Only when| 6 | > € z, one pulse
is .output to the stepping motor 9. Therefore, the
winding angle © becomes approximately equal to ©r.
At a step 1508, the shown routine is terminated.
The steps 1506 and 1507 can perform a reversal of
35 traverse shift in a relatively more stable state than
the steps 1206 and 1207 of Fig. 14, because the

reversal of traverse in the steps 1206 and 1207 depend



reference roller 82 and the wi nding angle sensor 83 are 25 driven by a
. ball screw 11 with a traverse drive notor (stepping notor) 9. Therefore,
alignment winding to wind the winding wire for each |ayer, can be carried
out. As shown in Fig. 7, a |eaf spring'aﬂzhg_provided on the shaft of the
-w ndi ng angl e sensor 83, and a winding 30""wire guide chip 85 having a
V-shaped groove is provided at the tip end. The wwnding wire 6 extends

through the V- el | 2 h
roug e V-shapgad &(@%’ﬁn@téﬁ&{?ﬁ%%ﬂgﬁfﬁeﬁr 2 agskd urd peRodgr oug

t he V-shaped groove of the guide cl the wnding wire 6 is
supplied to the © It §F Shigding in theystap sw bhPBF Showt pl Bh #Pews
of a coil bobbi n-dsoresd! 9 i PP 6s At i DEFor0fof Nend Naved Bieg Udhg1&pel ying to
the transformer coi) w ndi apparat us of the present 14- invention.
Note, vhen the FRbdtS JEtF TS P 149 o CeonAN G L9 o 850 U IR nEREpERE of
t he ‘wi ndi ng Wi r eclte onimd it romibe habddchds becoantué nebhghsl gnémad 18r edbln
other, the w ndifg Wi gsbnd o ar 3a PO T RES- 80 20S) 8B
In the above described embodiments of the

transformer coil winding apparatus according to the

present invention, the increment type rotary encoder is

10 employed, however, it is possible to employ an absolute
type rotary encoder. In this case, the counter 109 of
Fig. 4 becomes unnecessary and the output per se of the
rotary encoder represents the value C2 (only for
specific code).

15 As described above, according to the present
invention, the coil bobbin productidén cost can be
lowered by employment -0of the frictional rotation
mechanism. Also, it makes it possible to perform a
coil winding operation at high speed to contribute to

20 mass production. Therefore, the production cost for
the transformer can be lowered. Further, the traverse
shift can be done stably, and it allows for the stable
reversal of a traverse shift.

Many different. embodiments of the present

25 invention may be constructed without departing from the
spirit and scope of the present invention, and it should
be understood that the present invention'is not limited
to “the specific embodiments described in this

specification, except as defined in the appended claims;



5 oriented with respect to the line L defined by the center of the
reference roller 82 and the axial center of the—ﬂrﬁdrng—angfé—s—nso 83, in

angle + e (Fig. 8A) or - e (Fig. 8B). At this angl e
sensor 83 desirably has small frictionalsr-esi steﬂ“ﬂi mzm&g ot &tion
and a large output. It is also desirably snall tver Fo
exanpl e, the w nding angle sensor which enploys a non-linear type gnetic
resi stance el ement, can be used. Next,Cpame®sses of a control circuit
(mcroconputer) 15 10 of Fig. 4 will be explained. As showmn in Fig. 4, the
control circuit 10 includes an A/D converter 101,-an input port 102, a

central processing unit (CPUY NS SORG 109 1 v i 1952 PRa hakds iﬂrl%AM

(b-RAM 106, i rdiiddta RRIdaildy wihd @6 ¢! 8EKa 20os DERGERERT (1P8. The A'D
converter 101 receives the_ output of the w nding angle sensor 83. The

out put of theQﬂﬁﬁﬂ9§e%%EF451?hﬁmﬁtt%ﬁ%%et¥%$ﬁﬁ°imﬁ¥ Q@b wiRdiRdinter 109
i s designed fappaadifigcdder Ppskse of the |ncrenental type 25 rotary

encoder 5acand is cleared by the outpg{ g bgbb&nc ensor Z2 nane&g
every one gycle of rotation of a 1ng Tive mecha a '

2'a to 2'd, 3) for rotatably driving said coil bobbin
(1) by a friction force between said coil bobbin (1) and
said rotating drive mechanism (2c¢, 2'c; 24, 2'd).

2. A transformer coil winding apparatus as
100 claimed in claim 1, wherein said transformer coil
winding apparatus further comprises:
- a detection means (7) provided on
said coil bobbin (1);
a rotétion numbér counting means
15 (109) for counting number of rotations (Cl) of said -
coil bobbin (1) on the basis of the output of said
detection means (7); and

, a drive means (5) for rotatably
driving said rotating drive mechanism (2a to 2d, 2'a to

20 2'd) in response to the number of rotations (Cl) on said
rotation number counting means (109).

3. A transformer coil winding apparatus as
claimed in claim 1, wherein said transformer coil
winding apparatus further comprises: "_

25 a detection means (7) provided on
said- coil bobbln (1), o
a rotation number_counting'meahs
(109) for counting number of rotations (Cl) of said
coil bobbin (1) on the basis of the output of said
30  gdetection means (7); and

' a winding traversing means (8, 9,
11) for maintaining a winding angle of said ‘winding wire
(6) at a predetermined value iﬁ response to the number

of rotations (Cl) on said rotation number counting means
35 (109).

Sheet Has Been Replaced
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0

the coil

as described later. The input port 102 receives the ¢ f_ the 30
bobbi n sensor 7, and signals fromvarious sw tches Oamh&u“ﬂwﬂw
as a home-switch 12, a press-switch 13, start-swt L : tch
15, a rightward traverse switch (right-
swtch (left-switch) -17, and the like. 35

105 al so tenporarily Stores

bobbin 1. Further, the counter 109 is al se—eteared—by—the—CPY

-

tch) 16, a leftward.traverse
The ROM 104 previously

ac

103

such

Shg S L aLter Gegerbed g poLagR RapoLat yERELh® blhtpetidlhe BV

whi ch is.directlyivednsnt edain &, buheeeyn(nsidshoanfformew codbl e data is
stored in a no@'ﬂ@iﬁ&'55p£§§9h9nquth?E@EﬁbfiséE:the back-up RAM 106, data
0

of the code nunbers 0of respective use oI ns, nunber of 5 coils, nunber
of turns to wind for each coil, w AdRg§eatiendmaapeel 7(i Profiidedase,

W %2 dsaiet ebiiWwbadbRd $8ant portion, w nding end position, slow

nom nal
start

10

15

20

25

30

35

a rotation number counting means
(109) for counting number of rotations (Cl) of said
coil bobbin (1) on the basis of the output of said
detection means (7);

a rotary encoder (5a) provided on a

drive shaft of said rotating drive mechanism; and

a drive means (5) for rotatably -
driving said rotating drive mechanism (2a to 24, 2'a to
2'd) in response to the number of rotations (Cl) on said
rotation number counting means (109) and the output
(C2) of said rotary encodér (5a).

5. A transformer coil winding apparatus as
claimed in claim 4, wherein said transformer coil
winding apparatus further comprises:

a memory means (105, 106) for
storing number of outputs (C2MAX) per one cycle of said
rotary encoder (5a) in detection period for detecting
one cycle of said coil bobbin (1) by said rotation
number counting means (109); and

inhibiting means (103) for
inhibiting incrementing of the rotation of said
rotation number counting means (109) when number of
outputs (C2) or output value of said rotary encoder
(5a) upon reception of the output signal of said -
detection means (7) is smaller than a value (CZMAX -

a ) smaller than the output number (C2MAX) or the output
value per one cycle.

6. A transformer coil winding apparatus as
claimed in claim 4, wherein said transformer coil
winding apparatus further comprises:

a memory means (105, 106) for

storing number of outputs (C2MAX) per one cycle of said

This Sheet Has Been RTlaced
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wi ndi ng nunber for w nding over which winding is to be carri at | ow
sspeed, ratio relative to the nmaxi nrum 10 speed for wm ‘uﬂ“@mﬂpeed at
both ends of the coil bobbin (%9, the reversal ang err]) at
bot h ends of the bobbin, the holding winding angle [err] degree of sl ow ng
‘down at st oppi ng, connend and so forth,2Tare stored. hbnely, upon the

w ndi ng- operation, by 15 accessing the code nunber, the electrical
condition for the correspondi mrndln can be set Ag shoqwn in Fig. 4, a
D A converterr?EBrZoﬁﬂﬁﬂGFﬁg(ﬁge éﬁe%ﬁ BFEiPR REFHOShEPF gﬁFﬁﬂFénﬂDtor 5
and a driver enécuyhlélaffahetbelmababsbﬁft1$pb9dhelantcta51anenﬁﬂber
connected to tQSnQ ort(}gg driver circuit 111 includes a

conpar at or fof conpa |ng the but o the D/A converter 110 and a vol tage
deternmined by a variable resistorré¢Banhbohngsberacnaxeabarspaedns\\ien the

out put  of 5‘he(%Q)C?B\!eihéieﬂxéﬂtiﬁ?sgﬁ' {:ﬁér}B@QtRBﬁ 62 s34 TUELERBRI

val ue, the nmain sha spi ndl e noto Iven at a steep corresponding to
the output of nembery AoUBRBAt BEaR30(18A)t hE BPReVNRANBUMRRENCEhe out put of

the DA ConveéheFu%O(tg)gbeabaephhaaanﬁe BexsEYE gBeadyaheedehe: main
shaft spindle no is driven at
5a) upon reception of the output signal of said
detection means is greater than a value (C2MAX + 8 )
10 greater than the output number (C2MAX) or the output
value per one cycle.
7. A transformer coil winding apparatus as
claimed in claim 1, wherein said transformer coil
winding apparatus further comprises:
15 a detection means (7) provided on
said coil bobbin (1); |
) a rotation number counting means
(109) for counting number of rotations (Cl) of said
coil bobbin (1) on the basis of the output of said
20 detection means (7);
a rotary encoder (5a) provided on a
drive shaft of said rotating drive mechanism; and
a winding traversing means (8, 9,
11) for maintaining a winding angle of said winding wire
¢5 (6) at a predetermined value in response to the number
of rotations tCl) on said rotation number counting means .
(109) and the output (C2) of said rotary encoder (5a).
g, A transformer coil.winding apparatus as
claimed in claims 3 or 7, wherein said winding ]
10 - traversing means (8, 9, 11) comprises: |
, a winding angle sensor (83) for
detecting said winding angle of said winding wire (6);
and |
) a winding traverse shifting means (9,
11) for maintaining said detected winding angle to a

predetermined value.

9. A transformer coil winding apparatus as

This Sheet Has Been Rerlace
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30 speed of the maxi num speed val ue. Further, the output—port—167 is also
sconnected to a rate generator 112 which generates one uI ven
nunber of pulses of the incremental type rotary e @ﬁ ‘B@mﬁ\drlver
circuit 113. The given nunber of 35 pulses is pr the rate
‘generator 112 by the CPU 103. The drive28circuit 113 dr| ves the stepping
notor 9 in left hand direction or in the right hand 16- direction

dependi ng upon the nunber of pulses fromthe rate enerator 112 in response
to the rotatiagaiimedcinoanyorfen@Isicgdadmst Som’t BE Sut e Tsd™ SEFE  The

operation of E?Qn&@BQmQQnQBQEO%1%33n@a%ﬁ@§ﬂiwwg ()" S@ftWﬂneldiludes Not e,
I nterruption of the U 103 -is taken place at af ter

conversi on of the A/D converter 161 %X R§dR9 &85 &ﬁ(ﬁ?(ﬁég He ot lﬁncﬁ t he

lglolrolghlnt Sinsor jédgamphedalans Fed t;uumemm\uﬂ adfr upte uz-incd(czgnnevrfat or

Rt O % Rl I 10 4 ns. F
exanpl e, S%e BngFﬁt§§%§8r%%%heﬁ5f§¥%gpgn33“§lgna every s or

a reversing means for reversing said
wiﬁding angle by said winding traverse shifting means
(9, 11) when said detected winding angle is abruptly
varied. '

10 10. A coil bobbin for a transformer where a
winding wire (6) is wound by using a transformer coil
winding apparatus with rotatably driving said coil
bobbin by a friction force between said coil bobbin and
a rotating drive mechanism (2¢c, 2'c; 2d, 2'd) of said

15 +transformer coil winding apparatus, characterized in
that said coil bobbin comﬁfises: ' _

a detection means (7) for counting
number of rotations (Cl) of said coil bobbin by a
rotation number counting means (109), and said coil

20 pobbin being rotatably driven by said rotating drive
mechanism (2a to 24, 2'a to 2'd) in response to the
number of rotations (Cl) on said rotation number
counting means (109).

11. A coil bobbin as claimed in claim 10,

25 wherein said coil bobbin comprisee two flanges, and said
detection means (7) comprises at least one optical
’marks (7a) provided on one of said flanges of said coil
bobbin and an optical sensor (7b) for detecting said
optical marks (7a) by one cycle of rotation of said

0 coil bobbin.

12. A coil bobbin as claimed in claim 11,

. wherein each of said optical marks (7a) hes a diffe;ent_
light reflection factor from another area of said flange
where said optical marks (7a) are not provided, and
said optical sensor (7b) detects the light intensity
reflected from said optical marks (7a).

[~21

A coil bobbin as claimed in claim 11,
ThlS Sheet Has Been Rei




pul se per every one cycle of rotation of the coil~bobbin 1. Bel ow,

t he
soperations of the control circuit of Fig. 4 wll
advance of initiating 15 (turning ON) operation oﬂmmml“)mmummncwt 10,
preparation is carried out for setting chani cal coendrtions® guch as the
‘wi dt hs of the bobbin-driving rubber rdl“€rs corresponding to the dinension

of the coil bobbin, settlng the pressure for the bobbin 20 retainer roll er

3, adjustnment Qf an, an of _a cpre rec acl 11 of _the mn |ng
wire, setting eﬁ?&?t%%%hlobfsTb By ?ég f# %@PQ%S sefP901 of
vari abl e remsﬁqﬂofcﬂlffﬁramulﬁmmms¢mmmheﬁ aheanafnsehéfflanqe'whErgure 10

(Figs. 10-1 ang J10- @%@8@%&@' Mﬁ twﬁo ygwaﬁas Lpitiaggd in

response to turnrn ower swtc e naln routine i s an
idle |oop |nclm:;@ahnsmma{whtﬂ@he%atﬂm gpeprgof, sakd SPERSad02 to
811 for regponglingstp7yfrious switches 12 to 15. 30 In the

initialization routine step 801, . the code nunber  of .the bgbbln o be used

is entered through R keyboard Efhdt BABRAT. 2BaSLALBRIt HB ShRdPedcode

nunber, wherein said coil bobbin comprises two flanges made of

' dielectric material, and said detection means (7)
comprises at least one metal marks (7'a) provided on

10 one of said flanges of said coil bobbin and a metal
sensor (7'b) for detecting said metal marks (7'a) by one
cycle of rotation of said coil bobbin.

15. A coil bobbin as claimed in claim 14,

wherein said metal sensor (7'b) comprises a magnet

15 sensor.

is Sheet Has Been Re‘ilaced
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the data representative of. the above-nentioned electric condition, such as

: hunber of coil, nunber-of turns to 35 wind for each coil, winding wre
" di anet er (in this case, nomnal wire dianmeter, w nding start portion,
wi ndi ng end position, slow start w nding. number f or wi ndi ng 17- over

~which wnding is to be carried out até§b|OMISpeEd ratio relative to the
maxi nrum speed for winding at a | ow speed at both ends of the coil bobbin
(%9, the reversal angular variation ([err]) at both ends of 5 the bobbin,

t he hol di ng mﬁnding angle ;'errl & degree of sl down at _stoppi ng, and
so forth, are i I R@N?ﬂQPPﬁﬁ@EUS §03|EFNP;NG WIB@Iear) of
the counter C osfcome BOBBANI WITE CORRECTEW COTNTING, WIMDING wueBBRUl ses of

the increnentaLNDygﬁAﬁggﬁEyg} e@%@%ﬁryiﬁnﬁﬁb B%Eiﬁgquthe st eppi ng notor 9

I S previously ealedttated- fre—st S ggerert—s- made whet her the
home-switch 12 is ON or not. Only mhen t he hone switch

ABSTRACT OF THE DISCLOSURE

A transformer coil winding apparatus for winding

a winding wire (6) on a coil bobbin (1) comprises a
rotating drive mechanism (2a to 24, 2'a to 2'd, 3) for
rotatably driving the coil bobbin (1) by a friction

9 force between the coil bobbin (1) and the rotating drive
mechanism (2¢c, 2'c; 24, i‘d); Further, the transformer
coil winding apparatus comprises a detection unit (7)-
provided on said coil bobbin (1), a rotation number
counting unit (109) for counting number of rotations

10 (¢1) of the coil bobbin (1) on the basis of the output
of the detection unit (7), and a drive unit (5) for
rotatably driving the rotating drive mechanism (2a to
2d, 2'a to 2'd) in response to the number of rotations
(C1) on the rotation number counting unit (108).

15 Therefore, the production cost for the transformer can

be lowered.
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12 is O\, the process is advanced to the step 803 to 15 shift the traverse
unit 8 to the wi nding start position by neans of the steppi ng notor 9. When
the hone-switch 12 is OFF as checked at the step 802, the process is
directly advanced to the step 804. In should be noted that, at the OFF

posi tion of the home-switch 12, the 20 end of the wi nding Wire (electric
wire) 6 is engaged to the coil bobbin. On the other hand, when the traverse
unit 8 is positioned at an inappropriate gg;(tion, the rightward traverse
swtch (right-switch) 16 or the |leftward frerse switch (left-switch) 17
is turned on 25 to adjust the position of the traverse unit 8 through a
routine (which is not shown). At a step 804, a check is carried out to

det erm ne whether the press-switch 13 is ON or not. Only when the
press-switch 13 is ON, the process is advanced to a 30 step 805 to
determ ne whether the bobbin retainer roller 3 is-depressed onto the coi
bobbin 1 with a predeterm ned pressure. Nanely, the press switch 13 is used
for-urging the bobbin retainer roller 3 onto the coil bobbin 1 (setting)
and for releasing it fromthe 35 coil bobbin 1 (release). Accordingly, in
response to

Fig. 1

206




the first switching of the press switch 13 to.ON, the bobbin retainer _
Yoller 3 is depressed onto the coil 18- bobbin 1, and in response to the
second switching of the press switch 13 to ON, the bobbin retainer roller 3
is released fromthe coil bobbin 1. Therefore, at the step 805, if it is
determ ned that the bobbin retainer 5 roller 3 is not depressed onto the
coil bobbin 1, the process is advanced o step 806 to drive the bobbin
retainer roller 3 onto the coil bobbin‘gygg be depressed thereonto.
Conversely, when it is determ ned that bobbin retainer roller 3 is
depressed onto the coil 10 bobbin 1, the process is advanced to the step
807 to drive the coil retainer roller 3 away fromthe coil bobbin'l to

rel ease. When the press switch 13 is OFF as checked at the step 804, the
process is directly advanced to the step 808. 15 In the step 808, it.
is determ ned whether the start switch 14 is ON or not. Only when the start
switch 14

Fig.2A Fig. 2B
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s ON, the process is advanced to the step 809 to set a main shaft nmotor ON
flag FX which turns the main shaft spindle notor 5 ON (FX = .1). On the
other hand, at a 20 step 810, it is deternubed whether the stop switch 15
is ON or not. Only when the stop switch 15 is ON, the process is advanced
to the step 811 to reset the main shaft tor ON flag FX for turning OFF
the main shaft spindle notor 5 (FX = /ﬁgggubsequently, the process is 25
returned to the step 802. Note, thefhln shaft spindle notor 5 is
controlled corresponding to the flag FX through the routine, which will be
described later. Figures 11 shows the routine for controlling the main
shaft driving spindle notor 5, which is executed at 30 predetermned tine
intervals,. e.g., every four. mlli seconds (4 ns). At a step 901, it is

det erm ned whether the main shaft notor ONflag FX is "1" (main shaft ON
control) or "0" (main shaft OFF control). Wien FX = "1", ON control for the
mai n shaft driving spindle nmotor 35 5 through steps 902 to 906, and when
FX = "0", the main shaft drivin i ndl tor OFF control is carried out

t hrough steps 907 to 909. stg 53 '

6. WINDING WIRE
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regions of the coil bobbin 1, the maxi num speed SPMAX is provided for the
driver circuit 111 via the D/A converter 110 as the speed SP of the main
shaft driving spindle notor 5, at a step 906. Note, in this case, 25
since the maxi num speed SPMAX is defined by the variable resistor 18, the
command which the CPU 103 provides to the DA converter 110, is of
sufficiently greater value than the SPMAX in practice, at a step 906.
Further, in the step 907, it is determ med-whether 30 the nunber of

wi ndi ngs reaches the predeterm ned nunber ‘upon turning of the main shaft
and the turn ONflag FX is reset to "0". Until the nunber of w ndings
reaches the predeterm ned nunber, the speed SP of the main shaft driving
spindle notor 5 is set at the |low speed SP2 at 35 the step 908. Wen the
predet ermi ned nunber of turns is reached, the speed SP of the nmain shaft
driving spindle notor 5is set to O to stop the notor, at a step 909.

20- Nanely, when the fmain shaft notor ON flag FX is swi tched

Fig.5

2
— 1'2:;5];' 9
I §, g T 5a S
3 2d 83 |
' — _ | 82 11
? ==ille
il

LT
L

ﬁi!!!ggggf;——- :
2a
-



from"1" to "0", stopping of the main shaft driving spindle notor 5 is
carried out for noderately stopping the sane. Then, at the step 910, this
routine is 5 termnated. Figure 9 shows an exanple of an output of a _
bobbi n sensor and the output, of an increnental type rotary encoder applying
to the transforner coil w nding apparatus of the present invention. As
clearly shown 10 in Fig. 9, when the'q$b in sensor 7 and the rotary
encoder 5a are exactly operated, the rg/fg}onship bet ween t he nunber of the
out put pul se of the bobbin sensor 7 an at of the rotary encoder 5a is
mai nt ai ned at a specific constant value. 15 Figure 12 shows an
interrupt routine to be executed at every occurrence of an output of the
bobbi n sensor 7, and nanely every one cycle of rotation of the coil bobbin
1. At steps 1001 and 1002, the n?i?' out number C2MAX of the
increnental type rotary encoder 5a Zgykis 31 Nanely, at the step 1001,

it is determ ned whether the value C2 has al read-y--been set or not.
Only when the value C2MAX is not&§et, & of the counter 109 is

set as the value C2MAX, at a ste b




1002. At a step 1003, it is determ ned whether the 25 value C2 of the
counter 109 is greater than a value C2MAX - a smaller than the
above-nenti oned val ue C2MAX, at a step 1003. When C2 < C2MAX - a it is
Fegarded that chattering is caused in the bobbin sensor 7. Then, the
process junps to a step 1009. It may be 30 ,possible to generate an al arm
at the occurrence of chattering. At a s$tfph/1004, associated with finishing
one cycle of rotation of the coil bobbinA}7the value C2 of the counter 109
is cleared. At a step 1005, the counter G 35 is counted up hy + 1. At a
step 1006, it is determ ned whether the value C reaches a bobbin stopping
turn nunber CLMAX of the coil bobbin 1, at a step 1006. When C > O MAX,
the main shaft notor ON flag FX is reset (FX = 0) at a step 1007, and the
counter O is cleared at a step 1008. It should be noted that when the nain
shaft notor turn ONflag FX is reset, the main 5 shaft driving spindle
notor 5 is noderately stopped :

Fig. 7




t hrough the steps 901, 907, 908 and 909 -of Fig. 11. Then, the routine is-
termnated at a step 1009. Figure 13 shows a routine for processing the

out put of the encoder, nanely the value C2 of the counter 109. 10 The
shown routine is executed at every predetermned timng, e.g., every four
s mlli seconds (4 ns). At a step 1101, the 'value C2 of the counter is read

out. At a step 1102, the shifting of the traverse unit 8 is controlled
dependi ng upon the value C2. Further 15 adiscussion for the step 1102 wi |
be given later. Note, steps 1103 to 110 z;e provi ded for conpensati ng
when the output of the bobbin sensor 7 i's not generated due to failure.
Nanely, at a step 1103, when the value C2 of the counter 109 is greater
than a value C2MAX + [err] 20 which is greater than the set ‘out put nunber
C2MAX of the coil bobbin 1, it is regarded that the failure occurs on the :
out put of the bobbin sensor 7 Then, at a step 1104, the wi ndi ng counter C -

is increnmented by a step 1105, the vaI of counter 109
25 is cleared. ossrble to generate nf%ﬂé?hrs
i nstance. Then, the r trne is term nated-at a step 11
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Figure 14 shows a detailed routine of the traverse shift control step 1102

. of Fig. 13. Nanely, at a step 30 1201, the increnment value C2 of the

out put nunber C2 of the encoder is calculated by: A C2 - C2 - [®rr};<where—
C20 is the imedi ately preceding value of the value C2. At a step 1202, it

¢ 1 s determ ned whether the increnent value [err] C2 is greater than the

pul se nunber n.25 which has been previously calculated in the

initialization routine step 801 of Fig. 10 (Fig. 10-1). Only when C2 >n

one pulse is output fromthe -22- stéﬁ%'ng notor 9 at a step 1203. Then,

at a step 1204, the increnent value A C2 (& cleared for the next execution
cycle. Further, at a step 1205, for preparation of the 5 next executiof,
the value of the counter C2 is set as the preceding cycle value [err].] At a
step 1206, it is determ ned whether the traverse unit 8 is to be reverred,
nanmely whether the driving direction of the
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Accordingly,
are not provi
pravi ded. Al's
fromthe trav
routines

t he m)d!i fied enbodi ments of Figs.1

r- 9is to be reversed, or not, by checking 10 whether the

he wi nding counter O reaches the reversal value or not. Only
enment is made that the traverse unit is to be reversed, the
vanced to a step 1207 to reverse the revolution direction of
notor 5a. Then, 15 the routine is termnated at a step 1208.
to 14 will be explained with
Figs. 15 to 17. Figures 151§ 17 show-the condition in which
fart position and the winding end position on 20 the coi

di fferent, nanely, a difference is present between the w nding
n and the winding end position. In-this case, the OFF control
haft driving spindle notor 5 is defined by the val ue C1LMAX of
Limber counter C and the 25 value C2s of the counter 109.
n the routine of Fig. 15, -the steps 1006 to 1008 of Fig.
Hed, and instead, the steps 1401 to 1404 of Fig... 16 are
, the traverse shift control step 1102' is differentiated
brse shift 30 control step 1102 of Fig. 13, accordingly, the
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of Figs, 14 and 17 are differentiated fromeach other. At the step 1401, a
theck is carried out to deternine whether the w nding nunber counter
reaches the .predeterm ned value C MAX. At a step 1420, a check 35 is
carried out whether the output nunmber C2 of the encoder reaches the
predeterm ned value C2s. Only when d > CIMAX and C2 > C2s, the main shaft
notor ON flag FX 23- is reset (FX = "{4'yY to performthe OFF control
routine of Fig. 11 for the main shaft dgfﬁyng spindle notor 5. Figure 17
shows the flowchart showing a detailed groCess of the traverse shift
controlling state 1102 of 5 Fig. 16. The traverse shift control is
carried out enploying the routine of Fi 17 instead of t outine of Fig.

14. At a step 1510 of Fig. 17, the win ‘mﬁﬁ Lhg angl e
sensor 83 is read out through the A/D 1 converter. Theh® 4t Ja step 1502, .
the variation magnitude [err] of the wgd\ng angle e is bdlculated by:
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Alerr] < Jerr] - Jerr] 1-1; where, e 1-1 is the imediately preceding
walue of the winding angle e). At a step 1503, it is deternined whether the
15 absolute value e | of the variation magnitude A e of the w nding
angle e is greater than a reversal angle variation magnitude [err]. Nanely,
j udgenent for the abrupt variation of the winding angle e is carried out.

By this, it can be determ ned whet her H winding 20 wire 6 cones into
contact with one of the flanges of theggg% bobbin 1. Only when the abrupt
variation of the winding angle [err] tected, the process is advanced
to a step 1504 to cause a reversal of the revolutlon direction of the
stepping notor 9, and accordingly 25 reverse the traverse unit 8. At steps
1506 and 1507, the steady state op ;|on he stepping notor 9 is
carried out. nanely, at the step 1 zgéeternined whet her the
absolute value | e | of the w nding an S greater than a hol ding 30

winding angle [err]. Only when | FT] O pulse is output to the
stepping notor 9. Therefore, t C$?4 E%k§t ] becones approxi mately
® ~RF

equal to e R At a step 1508, term nat ed.
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The steps 1506 and 1507 can performa reversal- of 35 traverse shift in a
relatively nore stable state than the steps 1206 and 1207 of Fig. 14,
because the reversal of traverse in the steps 1206 and 1207 depend - 24-
apon the dianeter of the winding wire. Note, although the traverse shifting
in the step 1503 of Fig. 17 is in response to abrupt variation of the
winding angle e, it is possible to ad condition to determ ne whether 5

t he wi ndi ng nunber reaches a val ue s{ﬁ%é?ly smal | er than the wi nding
counter value C at the reversal. In above described enbodi nents of the
transfornmer coil w nding apparatus according to the present invention, the
i ncrenment type rotary encoder is 10 enpl oyed, however, it is possible to
enpl oy an absolute type rotary encoder. In this case, the counter 109 of
Fig. 4 becones unnecessary and the output per se of the rotary encoder
represents the value C2 (only for sQecific code) .

Fig.
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15 As descri bed above, according to the present invention, the coi
wbobbi n production cost can be | owered by enpl oynent-of the frictional
rotati on mechanism Also, it nmakes it possible to performa coil wi nding
_operation at high speed to contribute to 20 nass production. Therefore, the
“production cost for the transfornmer can be |lowered. Further, the traverse
shift can be done stably, and it allows figr/the stable reversal of a
traverse shift. Many different enbodi mentgjpf the present 25 invention may
be constructed w thout departing fromthe spirit and scope of the present
invention, and it should be understood that the present invention is not
limted to the specific enmbodi nents described in this specification, except
as defined in the appended cl ai ns; . L. A transfornmer coil w nding
apparatus for winding a wi nding w a tﬂ: bobbi n conprising: a
rotating drive nmechani smfor rotatablyWdriVing said coil bobbin by a

friction force between sai 3 ing drive
E CONTROL ROUTINE ) ‘
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mechani sm a detection neans provided on said-coil bobbin; a rotation
hunber counting neans for counting the nunber of rotations of said coi
bobbi n on the basis -of the output of said detection neans; a w nding
‘traversing neans fer maintaining a winding angle of said winding wire at a
“pr edet erm ned val ué i n.-response to the nunber-of rotations on said rotation
nunber counting neans; and said w nding traversing neans conprising a

wi ndi ng angl e sensor for detecting said'wﬁ%&fng angle of said winding wre,
and a winding traverse shifting neans for i ntaining said detected w ndi ng
angle to a predeterm ned val ue; a wi nding angle abrupt variation judgenent
nmeans for judgenent of abrupt variation of the detected w nding angle; and
a reversing neans for reversing said wi nding angle by said wi nding traverse

shifting means when said detected winding angle is abruptly varied. 2. A
transfornmer coil w nding apparatus for 'nglﬁSMjnding wWire on a coi
bobbi n conprising: a rotating drive neéh m rotatably driving said

coil bobbin by a friction force between said coil bobbin and said rotating
drivée nechanism a detection neans provided on said coil bobbin;
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This is the replacenent shot 26 a rotation number counti ng nmeans for

v counting the nunber of rotations of said coil bobbin on the basis of the

[’

- out put of said detection neans; a rotary encoder provided on a drive shaft

- of said rotating drive mschanlsm and a drive nmeans for rotably driving
“said rotating drive mechanismin response to the nunber of rotations on
said rotation nunber counting neans and{@hie out put of said rotary encoder.
3. A transforner coil w nding apparaty$ias clainmed in claim2, wherein
said transfornmer coil w nding apparatus further conprises: - a nenory neans
for storing a nunmber of outputs per one cycle of said rotary encoder in a
detection period for detecting one cycle of said coil bobbin by said
rotation nunber ¢ ..and inhi b|t or inhibiting

i ncrenenting ENC@DER@OWPWF rotation %E ting means when the
nunber of out utpgqcesgqg val ue) of said rotaM encoder upon reception of
t he out put si etectifon neans is a value smaller than the

out put nunber o e 18 one cycl e.
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4. A transforner coil w nding apparatus as clainmed in claim?2, wherein
~«said transfornmer coil w nding apparatus further conprises: a nmenory neans
<#for storing a nunber of outputs per one cycle of said rotary encoder in a
,detectlon period for detecting one cycle of the coil bobbin by said
“rotation number counting neans; and rotation nunber correction neans for

i ncrenenting of rotations on sald rotati ¢gpnNunber counting neans by one
when the nunber of outputs or output val y&f7f said rotary encoder upon
reception of the output signal of said detection neans is a value greater
than the output number or the output value per one cycle. 5. A
transforner coil w nding apparat f:ﬁ mgf g a-wnding wwre on a coi
bobbi'n conpri si ng: 27 a rotatlngl chanismfor rotatably driving
said coil bobbin by a friction force between said coil bobbin and said
rotating drive nmechanism a detection means. provi ded on said coil bobbin;

a

rotati on nunber counting nea nunper of rotations of said
coil bobbin on the basis of {th Sg% N etedti on neans;
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a rotary encoder provided on a drive shaft of said rotRP ﬂ
mechani sm and a w ndi ng traversing neans for maintainr éﬁik}ﬂ!

of said winding wire at a predeternm ned val ue in respgns
rotations on said rotation nunber countigg-nmeans and tlhg
rotary encoder. 6. A transfornmer coil w nding apparatt
claim5, wherein said w nding traversing neans conpri

sensor forhdste0tnngssaRdEw1ndmmgwam®hﬁsomsﬁﬂnkﬂMdﬂﬁd : ' '
traverse shiftin arnrn Sdlu uelrec W g angtre-to a
pr edet er ni ned vaﬁﬂggggi BORay a&éE&LEQ LY GRHNT NG AINRING NUMBER ned
in claim®6, wheraNn sunﬁn&nenaﬁcﬂnsmnumIwnunnNGupRanxrﬂuuw includes: a
wi ndi ng angl e ahrupt variation judgemeni means for judgenment of abrupt
variation of the detected wi nding angle; and a reverse neans for reversing
said w nding angle by said wi nding traverse shifting neans when said
detected wi nding angle is abruptly varied. 8. a transformer coil w nding
apparatus for winding a winding wire on a coil bobbin conprising: a
detecti on neans provided on said coil bobbin; a rotation nunber counting
means for counting the nunbenp8TRACTAOFOASIE DISCLOSURE

A transformer coil winding apparatus for winding

a winding wire (6) on a coil bobbin (1) comprises a
rotating drive mechanism (2a to 2d, 2'a to 2'd, 3) for
rotatably driving the coil bobbin (1) by a friction

5 force between the coil bobbin (1) and the rotating drive
mechanism (2c, 2'c; 24, 2'd). Further, the transformer
coil winding apparatus comprises a detection unit (7)"
provided on said coil bobbin (1), a rotation number
counting unit (109) for counting number of rotations

100 (€1) of the coil bobbin (1) on the basis of the output
of the detection unit (7), and a drive unit (5) for
rotatably dr1v1ng the rotatlng drlve mechanism (2a to
2d, 2'a to 2'd) 1n fesponsef

“to the number of rotations
(C1) on the rotatlon number countlng unit (109).
15 Therefore, the prbductlon cost for ‘the transformer can

}

~— be . lowered.

Figure 4 °



of sald coil bobbin on the basis of the out put of said detection neans;
* C L M S * 28 a wnding traverse neans for nmaintaining a
wi ndi ng angle of said winding wire at a predet peticpeduioiation—Aurber

counting neans;: ' traversing nmepns oLy

angl e sensor fomnmmmmmgﬂ"ﬂw ndi ng angl e pfH Deseriptiondipageduir.é0 paged 5.
wi ndi ng traverse*shfftf nd' mdang for maintaini n B&leinde: eciregedh @ pgahef B
to a predeterm ned val ue; a windi ng angl gsabr uptd\Reawing()n pageth amemtpapebs
for judgement of abrupt variation of the detec} dd Abstraétng :gragid:-.ampaged .....
reversi ng s for reversing said winding ang{ e by said wi nding traverse
shi fting neans’ when sai d detected wi nding angl e paTRbORPREYERSF | BE (9. A
transforner coil w nding apparatus for w nding m -t ot
bobbi n cqonpri si ng: det ect | on, neans provided on said coi| bhobbip; a .
rot at i on Inunbéy UERMETHET feHRINERE ARPATALYS doe WinAHE AoVINURg VEROBA Soil d
coi | bobbin O%omﬁnt&ﬁhﬁrigfné:he out put of said detection neans;

a rotating drive mechanism for rotatably driving said coil bobbin by a
friction forcé between said coil bobbin and said rotating drive
mechanism;
a deteption means provided on said coil bobbin;
a rotation number counting means for counting the number of rotations
of said coil bobbin on the basis of the output of said detection means;
a winding traversing means for maintaining a winding angle of said
winding wire at a predetermined value in response to the number of
rotations on said rotation number counting means; and said winding
traversing means comprising a winding angle sensor for detecting said
winding angle of said winding wire, and a winding traverse shifting
means for maintaining said detected winding angle to a predetermined
value;
a winding angle abrupt variation judgement means fbr judgement of
abrupt variation of the detected winding angle; and
a reversing means for reversing said winding angle by said winding
traverse shifting means when said detected winding angle is abruptly
varied.

2. A transformer coil winding apparatus for winding a winding wire on a coil
bobbin comprising:
a rotating drive mechanism for rotatably driving said coil bobbin by a
friction force between said coil bobbin and said rotating drive
mechanism; '

a detection means provided on said coil bobbin;
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a rotary encoder provided on a drive shaft of said rotating drive
mechani sm and a drive neans for rotatably driving said rotating drive
mechani'smin response to the nunber of rotations on said rotation nunber
counting neans and the output of said rotary enco or mer
coil w nding apparatus as clainmed in cI a| m 9 V\,hecm]tllﬁmulm I'l'gml mer COI I
wi ndi ng apparatus further conprises: nmeanst f ¢r stoei ng a nunber of
out puts per one cycle of said rotary encp@ler in a detection period for

det ect'ing one cycle of said coil bobbin inhibiting means for inhibiting

| nerementing gfrdigtidtl Al Eahfluha! Mhfs AEERInEALTHeGuRISoASLIHS

nunber of outputs or output value of said rotary encoder upon reception of
t he out put si gfiahicbtoddiabbin thldetbasis oﬁthﬂaau!sputsoﬁsand detestinin meart&an t he

out put nunber or he out$ val ue one c At sfor r
wi ndi ng appar &t & %@’ 135 FH"OE{} L bven %]‘EIB P} oSRIA TRk E‘gl Arive
wi ndi ng appar ﬁiéﬁaa{rki%hf‘ein&orm” ses: a rrem)ry means for storing a nunber of

outputs per one cycle of said rotary encoder in a det ection period for
det ecti ng oneacylrive aheahs fori Irotably driving said rotating drive mechanism in

response to the number of rotations on said rotation number counting
means and the output of said rotary encoder.

3. A transformer coil winding apparatus as claimed in claim 2, wherein said
transformer coil winding apparatus further comprises: -
a memory means for storing a number of outputs per one cycle of said
rotary encoder in a detection period for detecting one cycle of said coil
bobbin by said rotation number counting means; and
inhibiting means for inhibiting incrementing of rotations on said rotation
number counting means when the number of outputs or output value of
said rotary encoder upon reception of the output signal of said detection
means is a value smaller than the output number or the output value per
one cycle.

4, A transformer coil winding apparatus as claimed in claim 2, wherein said
transformer coil winding apparatus further comprises:
a memory means for storing a number of outputs per one cyclé of said
rotary encoder in a detection period for detecting one cycle of the coil
bobbin by said rotation number counting means; and
rotation number correction means for incrementing of rotations on said
rotation number counting means by one when the number of outputs or
output value of said rotary encoder upon reception of the output signal of
said detection means is a value greater than the output number or the
output value per one cycle.

5. A trarisformer coil winding apparatus for winding a winding wire on a coil

bobbin comprising:
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bobbi n by said rotation nunber counting neans; and rotation nunber
correction means for incrementing of rotations on said rotation nunber
counting neans by one when the number of outputs or output valrue—ef—sai-d

rotary encoder upon reception of the output signal of | Lon _means
Is a value greater than the output nunber or the out p”ﬂﬂwl i@ij ﬂm
cycle. 12. A transformer coil w nding apparatus for wndin Mg wire
on a coil bobbin conprising: A det ectionQ?’Eans provi ded on said coil

o]

bobbi n; A rotation nunber counting neans r counting the nunber of

tati f said, goil bobbi h i ' . .|
reans: A T ot ay IO AoV e TaT R tay ra i et < BobBiby
nmechani sm  angriftighn digige t st Riethn OsdlBanSoil Obobint aind N@atd Wirotatiggandtiee

of said winding wire at a predeterm ned value in response to the nunmber of
rotations on gaechawsismi on nunber counting neans and the output of said

rotary enCOder'g%f%ggiio’gi bée%&%@q%&ég@?)i?:s WdiPBoRBRAr atus as claimed in

claim 12, whefe _ \ Ny Nng neans conprises: a w nding angl e
sensor for deteebiziibrs ahfinbendotatinhtesis fii dountiigntherhumbendf aotatioisg

traverse shifting neans for maintaining said detected W nding,

of said coil bobbin on the basis of the output of said detecguon means;
a rotary encoder provided on a drive shaft of said rotating drive
mechanism; and
a winding traversing means for maintaining a winding angle of said
winding wire at a predetermined value in response to the number of
rotations on said rotation number counting means and the output of said
rotary encoder. |

6. A transformer coil winding apparatus as claimed in claim 5, wherein said
winding traversing means comprises:
a winding angle sensor for detecting said winding angle of said winding
wire; and
a winding traverse shifting means for maintaining said detected winding
angle to a predetermined value.

7. A transformer coil winding apparatus as claimed in claim 6, wherein said
transformer coil winding apparatus includes:
a winding angle abrupt variation judgement means for judgement of
abrupt variation of the detected winding angle; and
a reverse means for reversing said winding angle by said winding traverse
shifting means when said detected winding angle is abruptly varied.

8. a transformer coil winding apparatus for winding a winding wire on a coil
bobbin comprising:
a detection means provided on said coil bobbin;
a rotation number cdunting means for counting the number of rotations

of said coil bobbin on the basis of the output of said detection means;
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angl e to 'a predetermnm ned val ue. * C L M S * 30 14. A
transforner coil wi nding apparatus as claimed in claim13, wherein said
transfornmer coil w nding apparatus includes: a w nding angl e abrupt

vari ation judgenent neans for judgenent of abrupt vEERiELI etected
wi ndi ng angl e; and a reversing neans for revers!o'ng E“lﬂ““ﬂlnﬂﬂ”uﬂmmfe by
said winding traverse shifting neans when sai d detected withdMngsangle is
abruptly varied. 15. An apparatus havimgga coil bobbin for a transfornmer
w_hteLe a w n]gi ng wire is wound by using a transfornmer coil w nding apparatus
W means for, r vV, | ' i heid ;
bet ween said @OWFA%%’%%%V%%S ljzlillérg(rjlt§ eaﬁtolgj rgggfélrtfi{\%ggge%ﬁgﬁflg}é %?Eiséa?gs%%ns c(i).1rn r
coi | w nding aHpara laS,CFﬂdﬂet@'mirﬁaai drotaiien ahusnban@olseng tineans; | ahdbbaid

having two flanges; and a detection neans inc¢luding a rot atiori nunber of
rotati ons of ¥dNAiR®i fraysEsing BkARScFIMBHSHIS Beiq’l‘l‘&c{‘ﬁgataé’rﬂ S GFPSeR 9T

sai d rotating (el ue REHAKIRG anRPBPSGid Rihimg WIRE ar of Ridind EratBrse

said rotation
shifting means for maintaining said detected winding angle to a

predetermined value;
a winding angle abrupt variation judgement means for judgement of
abrupt variation of the detected winding angle; and
a reversing means for reversing said winding angle by said winding
traverse shifting means when said detected winding angle is abruptly
varied.

0. A transformer coil winding apparatus for winding a winding wire on a coil
bobbin comprising:
a detection means provided on said coil bobbin;
a rotation number counting means for counting the number of rotations
of said coil bobbin on the basis of the output of said detection means; |
a rotary encoder provided on a drive shaft of said rotating drive
mechanism; and
a drive means for rotatably driving said rotating drive mechanism in
response to the number of rotations on said rotaiti‘o.n number counting
means and the output of said rotary encoder.

10. A transformer coil winding apparatus as claimed in claim 9, wherein said
transformer coil winding apparatus further comprises:
a memory means for storing a number of outputs per one cycle of said
rotary encoder in a detection period for detecting one cycle of said coil
bobbin inhibiting means for inhibiting incrementing of rotations on séid
rotation number counting means when the number of outputs or output

value of said rotary encoder upon reception of the output signal of said
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nunber counting nmeans, and said detection means conprising at | ease one
optical mark provided on one of said flanges of sald Coi

optical sensor for detecting said optical mark by atlon of
said coil bobbin. 16. An apparatus as cl ai ned in ﬂ mm' myﬂy un said at
| east one optical mark has a different light refleetion m anot her
area of said flange where said optical mark is not provided, and said -
optical sensor detects the light intensidy reflected fromsaid optical

mark. 17. An apparatus as clainmed in claim 15, wherel n said at | east one
optical mark ecific.color diff area of

FPange whor e Satectih Ficantis B vufreldl e e AERE mbiRERs fr & gtut
detects the cehfiie ?Er%@ied: v cal mark. 31 18. An apparatus having a

coil bobbin for a transforner where a w ndi ng wire is wound by using a
transfor ddr cdi tramsfermer gp}:laﬁmdlng\ﬂnpaméua asf dalmcdanadlaymugi whegeunsdid

co!l bobbi n béﬁa %‘ﬁ)l ction. forc bet ween salfd ﬁhe od bobhi n and a roftatl ng
drive mechani STRISHOERE L RHANSFPRAFATUR; THE J- EPPRPSFEs, wherein said
appar at us CON@r hfegfiory Meedid Ifop%b@hﬁgf@\ﬁmﬁbtemﬁéaﬂﬁﬁ% ﬁ@id%rféf cpiclel 8Ckhid

material; and
rotary encoder in a detection period for detecting one cycle of the coil

bobbin by said rotation number counting means; and
rotation number correction means for incrementing of rotations on said
rotation number counting means by one when the number of outputs or
output value of said rotary encoder upon reception of the output signal of
said detection means is a value greater than the output number or the
output value per one cycle.

12. A transformer coil winding apparatus for winding a winding wire on a coil
bobbin comprising:
A detection means provided on said coil bobbin;
A rotation number counting means for counting the number of rotations
of said coil bobbin on the basis of the output of said detection means;
A rotary encoder provided on a drive shaft of said rotating drive
mechanism; and |
A winding traversing means for maintaining a winding angle of said
winding wire at a predetermined value in respcnse to the number of
rotations on said rotation number counting means and the output of said
rotary encoder.

13. A transformer coil winding apparatus as claimed in claim 12, wherein
said winding traversing means comprises:
a winding angle sensor for detecting said winding angle of said winding
wire; and '
a winding traverse shifting means for maintaining said detected winding

angle to a predetermined value.
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a detection nmeans for including a rotation nunber counting nmeans counting

the nunber of rotations of sai.d coil bobbin, said coll bobbin being

rotatably driven by said rotating drive nechanismin response to the nunber
of rotations on said rotation nunber counting neans, mnmﬂﬂmlnmlmlmn
means conprises at | ease one netal mark provided on o s of
said coil bobbin and a metal sensor for detecting said*mefal*ndtk Sby *one

cycle of rotation of said coil bobbin. 18 An apparatus as claimed in
claim 18, wherein said netal sensor conprises a nmagnet sensor. 20. A

- transfor CQi Weoall 4 Wole Falal | | e
bobbi n_carr| o SASTOLR AR SAng Mppinatita JARMA B LS Siicrein
. coi |l bobbi n bgaid transformef epilewvhatingeappaatius dncluatesbi n and said rotating

drive nechani sm .wherein said, rotating drive pechani smconprises . .two pair
of bobbi n dri e BRI Angle,3PTUBE HUMGR  MAEGRRFIT JFPERS on,JRdETReRtne

rol |l er noving ' ' i 36 i . lers in up and down
di rections. Z?E?agg?’r&g%J or&r)rgfhfzgib%é\)%\neﬁc?%’%gﬁgépa%at’uésﬂ%s claimed in claim

20, wherein sai deversing emeanis| for meversingeaaisl ovimdingeanglepiyursid cwinding
cylinder. 22. A transf.arner _coil w.nding.apparatus as clainmed in claim?21,
Wher ot said FAVSEPEPHIOHE medgs, Bk UL SaERtals nding Tous b Akt Bt
bobbin drive ggliegrs by the pressure eof said pneumatic cylinder, when said
bobbin retainer rollers are | owered.

15. An apparatus having a coil bobbin for a transformer where a winding wire

is wound by using a transformer coil winding apparatus with means for
rotatably driving said coil bobbin by a friction force between said coil
bobbin and a rotating drive mechanism of said transformer coil winding
apparatus, wherein said apparatus comprises:

the coil bobbin having two flanges; and

a detection means including a rotation number of rotations of said coil
bobbin, said coil bobbin being rotatably driven by said rotating drive
mechanism in response to the number of rotations on said rotation
number counting means, and said detection means comprising at lease
one optical mark provided on one of said flanges of said coil bobbin and
an optical sensor for detecting said optical mark by one cycle of rotation
of said coil bobbin.

16. An apparatus as claimed in claim 13, wherein said at least one optical
mark has a different light reflection factor from another area of said
flange where said optical mark is not provided, and said optical sensor
detects the light intensity reflected from said optical mark.

17. An apparatus as claimed in claim 15, wherein said at least one optical
mark has a specific color different from another area of said flange where
said optiéal mark is not provided, and said optical sensor detects the

color of said optical mark.
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Dat e: 32 23. Atransfornmer coil w nding apparatus as clainmed in claim
20, wherein said friction force is generated between said coil bobbin and
said bobbin drive rollers by the pressure of said retainer roller noving
means, when said bobbin retainer rollers are | ower In "lﬂm[ or mer
coil w nding apparatus for winding a wnding wre ‘mlwwn t“ [
conprising a rotating drive nmechani smfor rotatably* drti vicng"sat d bobbi n by
a friction force between said coil bobBiin and said rotating drive

mechani sm wherein said rotating drive nmechani smconprises two pairs of
bobbi n (8 vearh @lgiratud hl&%iﬂ%ﬁfcoqp?gbﬂir{ £droA @Fe[ngtefﬂrﬁﬁmhérao&'vﬁnafingwé ng
rollers for decréasing the shake of said coil bobbin in the shaft drrection
t her eof and isoveuad by hididgra teansformier desbbiindirgdpparatus mdth moeans for

novi ng neans_fo ving. sai d. bobhi tainer roller sin u nd down .

di recti ons. r%a:a{ab%? t‘?{aﬁ’sff%rs C@gﬂ I%Okl i Y aaﬁﬁﬁbﬁf‘pzorgg BFEV‘F@H ﬁaﬁdcf:%’ilm
24, wherei N BgHBin' £h81 49btdtdhg UrivEO M thaHRSAS of YBRY tPAIsPBrA#USBI Minding
cylinder. 26. A transforner coil w nding apparatus as clainmed in claim?25,

wher ei n sai apparatiienwherein saidgapparatus desnprisassai d coil bobbin and said
bobbi n

the coil bobbin having two flanges made of dielectric material; and

a detection means for including a rotation number counting means
counting the number of rotations of said coil bobbin, said coil bobbin
being rotatably driven by said rotating drive mechanism in response to
the number of rotations on said rotation number counting means, and
said detection means comprises at lease one metal mark provided on one
of said flanges of said coil bobbin and a metal sensor for detecting said
metal mark by one cycle of rotation of said coil bobbin.

19. An apparatus as claimed in claim 18, wherein said metal sensor
comprises a magnet sensor.

20. A transformer coil winding apparatus for winding a winding wire on a coil
bobbin comprising a rotating drive mechanism for rotatably driving said
coil bobbin by a friction force between said coil bobbin and said rotating
drive mechanism, wherein said rotating drive mechanism comprises two
pairs of bobbin drive rollers, a pair of bobbin retainer rollers, and a
retainer roller moving means for moving said bobbin retainer rollers in up
and down directions.

21. A transformer coil winding apparatus as claimed in claim 20, wherein
said retainer roller moving means comprises a pneumatic cylinder.

22. A transformer coil winding apparatus as claimed in claim 21, wherein
said friction force is generated between said coil bobbin and said bobbin
drive rollers by the pressure eof said pneumatic cylinder, when said

bobbin retainer rollers are lowered.
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drive rollers by the pressure of said pneumatic cylinder, when said bobbin
retainer rollers are lowered.. 27. A transforner coi I-ndi us as
claimed in claim24, wherein said friction force is Eenerated bet ween sai d

coil bobbin and said bobbin drive rollers by the pre mm ai.ner
Ll

roll er noving nmeans, when said bobbin retainer rolle

32

23." A transformer coil winding apparatus as claimed in claim 20, wherein
said friction force is generated between said coil bobbin and said bobbin
drive rollers by the pressure of said retainer roller moving means, when
said bobbin retainer rollers are lowered.

24. A transformer coil winding apparatus for winding a winding wire on a coil
bobbin comprising a rotating drive mechanism for rotatably driving said
bobbin by a friction force between said coil bobbin and said rotating drive
mechanism, wherein said rotating drive mechanism comprises two pairs
of bobbin drive rollers, a pair of bobbin retainer roller’s, a pair of holding
rollers for decreasing the shake of said coil bobbin in the shaft direction
thereof and rotatably holding said coil bobbin, and a retainer roller
moving means for moving said bobbin retainer roller sin up and down
directions.

25. A transformer coil winding apparatus as claimed in claim 24, wherein
said retainer roller moving means comprises a pneumatic cylinder.

26. A transformer coil winding apparatus as claimed in claim 25, wherein
said friction force is generated between said coil bobbin and said bobbin
drive rollers by the pressure of said pneumatic cylinder, when said
bobbin retainer rollers are lowered.

27. A transformer coil winding apparatus as claimed in claim 24, wherein
said friction force is generated between said coil bobbin and said bobbin
drive rollers by the pressure of said retainer roller moving means, when

said bobbin retainer rollers are lowered.
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