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TRANSFORMER COIL WINDING APPARATUS FOR WINDING WIRE 

ON COIL BOBBIN WITH CORRECTLY COUNTING WINDING NUMBER 

AND ENABLING HIGH SPEED WINDING OPERATION 

BACKGROUND OF ·THE INVENTION 

1~ Field of the Invention 

The present invention relates to a transformer 

coil winding apparatus, more particularly, to a 

5 transformer coil winding appar~tus for winding a winding 

wire on a coil bobbin to constitute a transformer. 

10 

2. Description of the Related Art 

In the related art, a transformer, is for 

example, constituted by the way that a cylindrical coil 

bobbin is mounted to a non-cut iron core of essentially 

circular cross section, and the winding wire (coil) is 

wound by rotation of the coil bo~bin. In this type of 

transformer, 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 apparatus 

20 according to the.related art, when the winding wi~e is 

to be shifted laterally (travers~}, the shifting 

mago.~tude 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 trave+se operation cannot be obtained. Further, in the 

transformer_coil winding apparatus of the related art, a 

reversal operat~on of the traverse shift is carried out 

by actuating the limit switch with the traverse unit 

whan 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 
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on the outer periphery of the c~il bobbin, and thus 
production cost.for the coil bobbin becomes higher and 
the production cost of .the transformer increases. 
Further, the rotational drive with meshed gear is not 

5 suitable for high speed rotation of the coil bobbin, 
and thus.the meshed gear is not suitable for mass 
production to again cause a rise in the production cost 
of the transformer. 

Furthermore, when the traverse shifting 
10 magnitude is determined depend~ng upon the diameter of 

the winding wire, the actual winding wire diameter is 
not uniform to cause disturbance of the traverse 
shifting. In addition, when the reversal operation bf 
traverse shift is carried out by actuating the limit 

15 switch with the traverse unit, as described above, even 
when the shifting magnitude of the traverse unit 
(traverse shifting magnitude) is adjusted to a 
predetermined sp~ed, the reversal operation may occur 
before or after reaching the predetermined coil width, 

20 since the coil width is varialile 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 aost 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 
invention 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 f~ne adjustment 
of the shif~~ng speed of the traverse unit associated 
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 
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bobbin by a friction force betw~en the coil bobbin and 

the rotating drive mechanism. 

. The transformer coil winding apparatus may further 

comprise: a detection unit provided on the coil bobbin; 

5 a rotation number counting unit for coun~ing number of 

rotations of the coil bobbin on the basis of the output 

of the detection unit; and a drive unit for rotatably 

dri~ing the rotating drive mechanism in response to the 

number of rotations on the rotation number counting 

10 unit. The transformer coil wi~ding 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 predetermined 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 

rotatioris 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 dh the 

rotation number counting unit and the output of the 

rotary encoder. The transformer coil winding apparatus 

may further comprise: a memory· unit for storing number 

30 of ou~puts per one cycle of the rotary encoder in 

detection period for detecting one cycle of the co~l 

bobbin by th: rotation number counting unit; and 

inhibiting unit for inhibiting incrementing of 

rotations on the r9tation number counting unit when 

35 number of outputs o~ 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 
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number or the output value per ~ne cycle. The 

transformer coil winding apparatu~ may further 

comprise: a memory unit for storing number of outputs 

per one cycle of the rotary encoder in detection period 

5 for detecting one cycle of the coil bobbin by the 

rotation number counting unit; and rotation number 

correction unit for incrementing of rotations on the 

rotation nufuber counting unit by one when numbe~ 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 deteqted winding angle to a 

predetermined value. ~he transformer coil winding 

apparatus may includ~: a winding angle abrupt variation 

judge~ent unit for judgement of abrupt variation of the 

30 detected winding angle; and a reversing unit ~or 

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 

winding wire is wound by using a transformer coil 

winding apparatus with rotatably driving the coil 
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bobbin by a friction force between the coil bobbin and 

a rotating drive mechanism of the transformer coil 

winding apparatus, wherein the coil bobbin comprises: a 

detection unit for counting number of rotations of the 

5 coil bobbin by a rot~tion number counting unit, and the 

coil bobbin being rotatably driven by the rotating drive 

mechanism in response to the number of rotations on the 

rotation number counting unit. 

The coil bobbin may comprise two flanges, and the 

10 detection unit 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 marks 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 optical 

sensor may detect the color of the optical marks. 

The coil bobbin ~ay 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 bo.bbin. 

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 

embodiments 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 coil 

bobbin for explaining problems in the related art; 
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Figure 3 is a block. di~gram showing the basic 

construction of a transformer cqil winding apparatus 

according to the present invention; 

Figure 4 is an elevational view showing an 

5 embodiment of a transformer coil winding apparatus 

according to the present invention; 

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 SA and SB are plan views of a coil 

bobbin for explaining operations 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 anq 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 embodimehts, first, the problems of the related art 

will be explained, with reference to Figs. 1 and 2. 

In a transformer coil winding apparatus of the 

related art, a cylindrical coil bobbin is mounted to a 

non-cut iron core of essentially circul~r cross section, 

35 and the.coil (windi~g wire) is wound by rotation of the 

coil bobbin. 

Figure 1 shows an example of a coil bobbin and 
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driving mechanism according to ~he related art, and Figs. 

2A and 2B respectively show a coil bobbin for explaining 

problems in the related art. In Figs. 1, 2A and 2B, 

reference numeral 201 denotes a coil bobbin, 202 denotes 

5 a drive shaft, and 206 denotes a winding wire (coil). 

As shown in Fig. 1, in the transformer coil winding 

apparatus of the related art, gear teeth are formed on 

the outer periphery of the coil bobbiri 201 td mesh with 

a gear of the drive shaft 202, ·and whereby 

10 synchronization of a drive mot~r 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 statt 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 apparatus 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 

fluc17_uation 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 thic~. 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 op~ration for winding the wire 206 onto the portion AA 

cannot be orderly or correctly carried out, so that the 

produc~d.transformer is rendered an inferior 
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transformer. 

On the other hand, as shown in Fig. 2B, when the 

diameter of th~ winding wire 206 is small at an area 

206b, the corresponding portion BB of the winding wire 

5 206 also becomes thin. Namely, when the diameter of the 

winding wire 206 is small, the width of the coil at the 

portion BB bec~mes short~ Therefore, the following 

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 relat~d 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 flange 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 t~e 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 transtorrner. 

Note, as described above with reference to Figs. 2A 

and 2B, when the traverse shifting magnitude is 

determined de~end·ing upon the diameter of the winding' 

30 wire, the actual winding wire diameter is not uniform 

to cause a disturbance of the traverse sh{fting. This 

cannot be c~~pensated by fine adjust~ent during trial 

winding. Further, when the reversal of traverse shift 

is carried out by actuating the limit switch with the 

35 traverse unit; ~s described above, even when the 

shifting magnitude of the traverse unit (traverse 

shifting magnitude) is adjusted to a predetermined speed, 
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it is possible that the reversa~ will occur before or 

after reaching the predetermined coil width since the 

coil width is variable depending upon· the diameter of 

the winding wire. To avoid this, it becomes necessary 

5 to frequently perform a fine adjustment of the position 

of the limit switch or shifting speed of the traverse 

unit. 

Below, the preferred embodiments of a transformer 

coil windin9 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 bobbi~, 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 Sa denotes rotary encoder. 

As shown in Fi9. 3, in the transformer coil winding 

apparatus for winding the ~oil (winding ~ire) 6 on the 

coil bobbin 1, the rotating 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. Not~~ 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. 

3 0 : F-urther, the rotary encoder Sa is, for example, 

provided on the drive shaft of the rotating drive 

mechanism 2Q~ The drive unit 5 drives the rotating 

drive mechanism 20 to rotate according to the number of 

rbtations Cl oN the rotating number counting ~n~t 109 

35 and the output C2 of the rotary encoder Sa. Note, the 

winding traverse unit 8 maintains the winding angle of 

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



..... 10 -

· the winding traverse unit 8 maintains the winding angle 

of the wire 6 at a predetermined value depending upon 

the output of the rotary encoder Sa, or in the 

alternative, the winding angle of the wire 6 is 

5 maintained at a predetermined value depending upon the 

output of a winding angle sensor that detects the 

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 l, 

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 (windirig wire) 

6 can be made by the number of rotations of the coil 

bobbin 1 and the output of the rotary encoder Sa. 

Furthermore, with the output of .the rotary encoder Sa 

25 or the output of the winding angle sensor, the winding 

~ngle can be stably maintained. 

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 ~airs of bobbin drive rubber rollers 2a, 2b; 

2c, 2d and 2'a, 2'b; 2'c,. 2'd which are opposed on a 

pair of main shafts 2 and 2' at appropriate interva~s. 

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 
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direction can be carried out by_ a pneumatic cylinder 4. 

Namely, when the bobbin retainer rollers 3 ·are lowered, 

an appropriate friction for~e is generated between the 

coil bobbin 1 and the bobbin drive rubber rollers 2a to 

5 2d and 2'a to 2'd by the pressure of the pneumatic 

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 Sa, and the coil bobbin 

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

Note, a traverse unit 8 including a torque 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 invention. 

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-?a by one cycle of rotation of the coil bobbiri 1. 

In this case, for ~xample, the optical mark 7a ~s 

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 intensity between the optical mark 7a 

(small reflection light intensity) and another area 

35 (large reflection light i~tensity) 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 
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can be formed by a black (or da~k color) coil bobbin. 

Furth~r, the optical mark 7a can be als~ formed by 

a specific color mark, for example, red or blue color 

marks. In this case, another ar~a of the flange where 

5 the optical mark 7a is not provided is formed by 

another color, for example, green or yellow colors. 

Further, the optical sensor 7b can sense the difference 

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). ~herefore, the optical 

sensor 7b can detect the optical mark 7a by one cycle 

of rotation of the coil bobbin 1. 

On th~ 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 fixea 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 metai mark 7'a is formed by a metal film for 

20 adhering on th~ flange of the coil bobhin 1 or a metal 

piece for fitting into the flange of the coil bobbin 1. 

Further, the metal sensor 7'b ~s, 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 detection of the winding 

wire··(metal wire) 6 which is wound on the coil bobbin 1. 

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 ~ark 7a provided on the 

flange (~ith reference to Fig. 6A) is not limited by 

35 one, but a plurality of optica~ mark~ 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 
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bobbin 1. Similarly, the metal. mark 7'a provided on 

the flange (with reference to Fig. 6B) is not limited by 

one, but a plurality of metal marks 7'a can be also 

"provided on the flange. 

As described above, at least one optical marks 7a 

or at least one metal marks 7'a can be provided on the 

the flange of the coil bobbin 1. In 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 rec~angular and circle shapes and can be formed as 

15 various shapes. 

Figure 7 shows a perspective view of an example of 

a winding angle sensor applying to the transformer 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 torque control device, a reference roller 82 and 

a winding angle sensor 83 for detecting the winding 

angle of the winding wire 6. As shown in Fig. 5, the 

25 

30 

35 

reference roller 

driven by a ball 

(stepping motor) 

wind the winding 

As shown in 

the shaft of the 

wire guide chip 

82 and the winding angle sensor 83 are 

screw 11 with a traverse drive motor 

9. Therefore, alignment winding-~o 

wire for each layer, can be carried out. 

Fig. 7, a leaf spring 84 is provided on 

winding angle sensor 83, and a winding 

85 having a v-shaped groove is provided 

The winding wir~ 6 extends through the 

V-shaped gr~gve of the reference roller 82 and further 

through the V-shaped groove of the guide chip 85, and 

at the tip end. 

then the winding wire 6 is supplied to the coil bobbin 1. 

Figures 8A and 8B shqw plan views of a coil bobbin 

for explaining operations of the traverse unit applying 

to ~he transformer coil winding apparatus of the present 
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invention. Note, when the feed_ speed of the traverse 

unit s and the winding speed of the winding "wire 6 onto 

the coil bobbin 1 become inconsistent with each other, 

the winding wire 6 becomes, as shown in Figs. SA and SB, 

5 oriented with respect to the line L defined by the 

center of the reference roller S2 and the axial center 

of the winding angle sensor S3, in angle + 9 (Fig. SA) 

or - 9 (Fig. SB). At this time, the winding angle 

sensor 83 desirably has small frictional resistance 

10 against rotation and ·a large o~tput. 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 (CPO) 103, a ROM 104, a RAM 105, a back­

up RAM Cb-RAM) 106, an output port 107, and a clock 

20. generator lOS. 

The A/D converter 101 receives the output of the 

winding angle sensor S3. 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 Sa and is cleared by the output o~ the 

bobbin sensor 7, nam~ly every one cycle of rotation of 

the coil bobbin 1. Further, the counter 109 is also 

cl~~red by the CPO 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 like. 

35 The ROM 104 previously stores the latter described 

programs, constants and the like, and the RAM 105 also 

temporarily stores data. Further, in th~ back-up ~AM 
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106, which is directly connecte~ to a battery (not 

shown), re-writable data is stored in a non-volatile 

fashion. For example, in the back-up RAM 106, data of 

the code numbers of respective used bobbins, number of 

5 coils, number of turns to wind for each coil, winding 

wjre 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 ce min) at 

both ends Of the bobbin, the holding Winding angle (9 R}, 

degre~ of slowing down at stopping, commend and so forth, 

are stored. Namely, upon the windin~ 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 output of the D/A converter 110 is smaller than th~ 

25 maximum speed value, the main shaft spindle motor 5 is 

driven at a steep corresponding to the output of t~e 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 spe~d -0f the maximum speed value. 

Further, the outpu~ port 107 is also connected to a 

rate generatqr 112 which generates one pulse per given 

number of pulses of the incremental type rotary encoder 

Sa, an~ 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 
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direction depending upon the nu~ber of pulses from the 

rate generator 112 in response to the rotating direction 

command signal from the output port 107~ The operation 

of the rate generator 112 can he done by software. 

5 Note, interruption of the CPO 103 ~s taken place at 

a timing after A/D conversion of the A/D converter 101, 

upon reception 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 l. 

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 winding wire, setting of the 

torque of the torque control ~evice, setting of variable 

resistor for the maximum speed of the main shaft 2, 2'. 

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

25 routine, which is initiated in response to turnin9 ON a 

power switch (not shown). The main routine is an idle 

loop including an initialization routine step 801, and 

steps 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 

keyboar~ (not shown). Based on the ent~red 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, winding wire diameter (in this case, 

nominal wire diameter, winding start portion, winding 

end position, slow start winding number for winding 
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over which winding is to be carried out at a low speed, 

ratio relative to the maximum speed for.winding at a 

low speed at both ends of the coil bobbin (%), the 

reversal angular variation ce mla) at both ends of 

5 the bobbin, the holding Winding angle (9 a), degree Of 

slowing down at stopping, and so forth, are transferred 

to the RAM 105. Also, initializati~n {clear) of the 

counter Cl of the RAM and so forth. Furtherroore, 

number n of pulses of the incremental type rotary 

10 encoder Sa per pulse of the st~pping motor 9 is 

previously calculated. 

At the step 802, judgement is made whether the 

home-switch 12 is ON or not. Only 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 thrci~gh a 

routine (which is not shown). 

~~t a step 804, a check is carried out to determine 

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 determine whether the bobbin retainer 

roller 3 is-depressed onto the coil bobbin l 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 
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bobbin 1, and in response to th~ second switching of 

the press switch 13 to ON, the bobbin retainer roller 3 

is released from ·the coil,. bobbin 1. Therefore, at the 

step 805 1 if it is dete~mined that the bobbin retainer 

5 roller 3 is not depressed onto the coil bobbin 1, the 

process is advanced to a step 806 to drive the bobbin 

retainer roller 3 onto the coil bobbin 1 to be depressed 

thereonto. Conversely, when it is determined that the 

bobbin retainer roller 3 is depressed onto the coil 

10 bobbin 1, the process is advan~ed 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. Only when ·the start switch 14 

is ON, the process is advanced to th~ 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 ?dvanced 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 predetermined time intervals, e.g., every four milli 

seconds (4 ms). At a step 901, it is determined whether 

the main shaft mot~r ON flag FX is "l" (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 = "O", the main 

shaft driving spindle motor OFF control is carried out 

through steps 907 to 909. 
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Note, at the step 902, it is determined whether the 

winding start position is within a slow start range (Cl 

< C (slow start winding number) for the initial stage 

of winding or not based on the winding number counter 

5 Cl of· the coil bobbin cal~ulated through the routine 

which will be discussed later. At the step ~03, it is 

determined whe~her the value of the winding number 

counter Cl represents both end regions of the coil 

bobbin 1. When Cl < C (slow start winding), a slow 

10 start speed SPl 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 SP.2, whl-ch 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 

than the SPMAX in practice, at a step 906 • ..• ·• 

Further~ in the step.907, it is determined wheth~r 

30 the number of windings reaches the predetermined number 

upon turning of the main shaft and the turn ON flag FX 

is ieset t~_"O". Until the number of windings reaches 

the predetermined number, the speed· SP of the main shaft 

dri~ing 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. 
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Namely, when the main shaft mot~r ON flag FX is switched 

from "l" to "O", stopping of the main shaft.driving 

.spindle motor S is carried out for moderately stopping 

the same. Then, at the step 910, this routine is 

5 terminated. 

Figure 9 shows an example 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 invent~on •. As clearly shown 

10 in Fig. 9, when the bobbin sen~or 7 and the rotary 

encoder Sa.are exactly operated, the relationship 

between the number of the output pulse of the bobbin 

sensor 7 and that of the rotary encoder Sa 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 of the coil 

bobbin l. At steps 1001 and 1002, the maximum output 

number C2MAX of the incremental type ro~ary encoder Sa 
I 

20 is set. Namely, at the step 1001, it :j/s determined 
/ 

whether the value C2MAX has already--lfeen set or not. 

Only when the value C2MAX is not set, the value 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 value C2 of the counter 109 is greater than a value 

C~MAX - a smaller than the above-mentioned value 

C2MAX, at a step 1003 .. When C2 < C2MAX - a it is 

rega;~ed that chattering is caused in the bobbin sensor 

7. Then, the process jumps to a step 1009. It may be 

30 possible to generate an .alarm at the occurrence of 

chattering. 

At a step 1004, associated with finishing one cycle 

of rotat·ion of the coil bobbin 1, the value C2 of the 

count~r 109 is cleared. At a step 1005, the counter Cl 

35 is counted up by + l. At a step 1006, it is determined 

whether the value Cl reaches a bobbin stopping turn 

number ClMAX of the coil bobbin 1, at a step 1006. 
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When Cl > ClMAX, the main shaft motor ON flag FX is . . . 

reset (FX = 0) at a step 1007, and the counter Cl is 

cleared at a step 1008. It should be noted that when 

the main shaft motor turn ON flag FX is reset, the main 

5 shaft driving spindle motor 5 is moderately stopped 

through the steps 901, 907, 908 and 909 of Fig~ 11. 

Then, the routine is terminated at a step 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 execute~ at every predetermined 

timing, e.g., every four milliseconds (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 provided 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 + e 
20 which is greater than the set output number C2MAX of 

the coil bobbin 1, it is regarded that the failur~ 

occurs on the output of the bobbin sensor 7. Then, at 

a step 1104, the winding counter Cl is incremented by + 

1, and at a step 1105, the value C2 of the counter 109 

25 is cleare~. Note, it is possible to generate an alarm 

at this instance. Then, the routine is -terminate~ at a 

step 1106. 

Figure 14 shows a detailed routine of the traverse 

~hif~'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: tJ. C2 +- C2 - C2o ; 

where, C2 0 is the immediately preceding value of the 

value C2. At a ~tep 1202, it is determined whether the 

increment value 6. C2 is greater than the pulse number n 
'),.... 
";) which has been previously calculated in the 

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

Only when C2 > n.' one pulse is output ~rom the 
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stepping motor 9 at a step 1203: Then, at a step 1204, 
the increment value A C2 is cleared for the.next 
execution cycle. 

Further, at a step 1205, for preparation of the 
5 next execution, the value of the counter C2 is set as 

the preceding cycle value C2a. At a step 1206, it is 
determined whether the traverse unit 8 is to be 
reversed, namely whether the driving ~irection of the 
stepping motor 9 ~s to be reversed, or not, by checking 

10 whether the .value Cl of the wi~ding 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 lf 07 to reverse the 
revolution direction of the stepping motor Sa. 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 bobb~n 1 are different, namely, a difference 
is present between the winding start position and the 
winding end position. In this case, the OFF control of 
the main shaft driving spindle motor 5 is defined by 
the value ClMAX 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 ClMAX. 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 
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is reset (FX = "O") to perform the OFF control routine 

of Fig. 11 for the main shaft driving spindle motor 5 . . 
Figure 17 shows the flowchart showing a detailed 

process of the traverse shift controlling state 1102 1 of 

5 Fig. 16. The traverse shift control is carried out 

employing the routine of Fig. 17 instead of the routine 

of Fig. 14. 

At a step 1510 of Fig. 17, the.winding angle 9 of 

the winding angle sensor 83 is read out through the A/D 

10 converter. Then, at a step 1592, the variation 

magnitude ~ e of the winding angle e is calculated by: 

~ 9 - e - 9 I -1 i Where, e 1-1 is the immediately 

preceding value of the winding angle e . 
At a step 1503, it is determined whether the 

15 absolute value I e I of the variation magnitude ~ e of 

the winding angle 9 is greater tha·n a reversal angle 

variation magnitude e GI I 11 • Namely I judgem·ent for the 

abrupt variation of the winding angle e is carried 

out. By this, it can be determined whether the winding 

20 wire 6 comes into contact with one ~f the flanges of the 

coil bobbin l. Only when the abrupt variation of the 

winding angle e is detected, the process is advanced 

to a step 1504 to cause a reversal of the revolution 

direction ·of the stepping motor 9, and accordingly 

reverse the traverse unit 8. 

At steps 1506 and 1507, the steady st~te oper~tion 

of the stepping motor 9 is carried out. namely, at the 

step.~506, it is determined whether the absolute value 

I e I of the winding angle e is greater than a holding 

3 0 winding angle e R • Only when I e I > e R I one pulse 

is .output to the stepping motor 9. Therefore, t·he 

Winding angl.~ 9 becomes approximately equal tO 9 R • 

At a step 1508, the shown routine is terminated. 

The steps 1506 and 1507 cari 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 
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upon the diameter of the windin9 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 add a condition to determine whether 

5 the winding number reaches a value slightly smaller than 

the winding counter value Cl at the reversal. 

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 possi~le 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 production cost can be 

lowered by employment ·of the frictional rotation 

mechanism. Also, it makes ~t 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 t.he 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; 
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CLAIMS 

1. A transformer coil winding apparatus for 

winding a winding wire (6) on a coil bobbin (1), 

characterized in that said transformer coil winding 

apparatus comprises: 

a rotating drive m~chanism (2a to 2d, 

2'a to 2'd, 3) for rotatably driving said coii bobbin 

(1) by a friction force between said coil bobbin (1) and 

said rotating drive mechanism ~2c, 2'c; 2d, 2'd). 

2. A transformer coil winding apparatus as 

10 claimed in claim 1, wherein said transformer coil 

winding apparatus further comprises: 

a detection means (7) provided on 

said coil bobbin (1); 

a rotation number 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 t~e number of rotations {Cl) on said 

rotation number counting means ·(109). 

25 

30 

3. A transformer coil winding apparatus as 

claimed in claim 1, wherein said transformer coil 

winding apparatus further comprises: 

a detection means (7) provided on 

sai~ coil bobbin (1); 

a rotation number counting m~ans 

(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 winding trav·ersing means ( 8 , 9 t 

11) for maint_aining a winding angle of said ·winding wire 

(6) at a predetermined value in response to the number 

of rotations (Cl) on said rotation number counting means 

3 5 ( 10 9 )•. 
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4. A transformer coil winding apparatus as 

claimed in claim 1, wherein said transformer· coil 

winding apparatus further comprises: 

a detection means (7) provided on 

5 said coil bobbin ( 1); 

a rotation number counting means 

(109) for coun~ing number of rQtations (Cl) of said 

coil bobbin (1) on the basis of the output of said 

detection means (7); 

10 a rotary e~coder (Sa) provided on a 

drive shaft of said rotating drive mechanism; and 

a drive means (5) for rotatably 

driving said rotating drive mechanism (2a to 2d, 2'a to 

2'd) in response to the number of rotations (Cl) on said 

15 rotation number counting means (109) and the output 

(C2) of said rotary encoder (Sa). 

5. A transformer coil winding apparatus as 

claimed in claim 4, wherein said transformer coil 

winding apparatus further comprises: 

20 a memory means ~105, 106) for 

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

rotary encoder (Sa) in detection period for detecti?g 

one cycle of said coil bobbin (1) by said rotation 

number c9unting means (109); and 

25 inhibiting means (103) for 

30 

35 

inhibiting incrementing of the rotation of said 

rotation number counting means (109) when number of 

outputs (C2) or output value of said rotary encoder 

(Sa) upon reception of the output signal of" said 

detection means ( 7 ) is smaller than a value (C2MAX -

a ) smaller than the output number (C2MAX~ or the output 
. ,. 

value per one cycle. 

6. A transformer coil winding apparatus as 

ciaimed 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 
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rotary encoder (Sa) in detectio? period for detecting 

one cycle of the coil bobbin (1)' by said rotation number 

counting means (109); and 

rotation number correction means 

5 (103) for incrementing of the rotation of said rotation 

number counting means (109) by one when number of 

outputs (C2) or output value of said rotary encoder 

(5a) upon reception of the output signal of said 

detection means is greater than a value (C2MAX + ~ ) 

10 greater than the output number (C2MAX) or the output 

value per one cyc1e. 

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 countin9 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 (Sa) 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 

25 (6) at a predetermined value in response t~ the number 

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

(109) and the ?Utput (C2) of said rotary encoder (Sa). 

8. A transformer coil.winding apparatus as 

clai~ed in claims 3 or 7, wherejn said winding 

10 traversing means (8, 9, 11) comprises: 

l5 

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 
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claimed in any one of claims 3,,7 or~, wherein said 

transformer coil winding apparatus (8, 9, ll) includes: 

a winding angle abrupt variation 

judgement means for judgement of abrupt variation of 

5 the detected·winding angle; and 

10 

a reversing means for reversing said 

winding angle by said winding traverse shifting means 

(9, 11) when said detected winding angle is abruptly 

varied. 

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 (2c, 2'c; 2d, 2'd) of said 

15 transformer coil winding apparatus, characterized in 

that said coil bobbin comprises: 

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 bobbin being rotatably driven by said rotating drive 

mechanism (2a to 2d, 2'a to 2'd) in response to the 

number of rqtations (Cl) on said rotation number 

counting means (109). 

11. A coil bobbin as claimed in claim 10, 

25 wherein said coil bobbin comprises two flanges, and said 

detection means (7) comprises at least one optical 

1 mar~~ (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 

10 coi 1 bobbin. 

12. A coil bobbin as claimed in claim 11, 

wherein each of said optical marks {7a) h~s a different 

light reflection factor from another area of said flange 

where said optical marks {7a) are not provided, and 

6 said optical sensor (7b) detects the light intensity 

reflected from said optical marks {7a). 

13. A coil bobbin as claimed in claim 11, 

iif flU!i1ijHlf 
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wherein each of said optical maFks (7a) has a specific 

color different from another area of said f iange where 

said optical marks (7a) are not provided, and said 

optical sensor (7b) detects the color of said optical 

5 marks (7a). 

14. A coil bobbin as claimed in claim 10, 

wherein said coil bobbin comprises two flanges made of 

dielectric material, and said detection mean~ (7) 

comprises at least one metal marks (7'a) provided on 

10 one of said flanges of said co~l 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 clai~ed in claim 14, 

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

15 sensor. 


