. 2250033 TENSI ONI NG APPARATUS The present invention relates to a tensioning
apparatus for inparting a constant tensiomn to a wire such as a wire to be
wound on a solenoid coil by a coil w nding nmachi ne. Mre papbsealsarly, the
present invention is concerned wirth 5 a tensioning apparatus which can
vary and set the |level of tension freely by using an electric notor.

Tensi oni ng apparatus of the kind described are used in, for exanple, g coi

wi ndi ng machi ne for the purpose of inparting a constant |evel of tensi to
awre whichis 10 bei ng unwound from a supply bobbin and wound on a coi
bobbi n. An exanpl e of such a known tensioning apparatus is shown in Fig. 8. =

~,

The tensioning apparatus for a coil w nding nachine 15 generally has a =
mai n body 110 whi ch incl udes pepeioniRESAPPARNTUEY (Dbrake pulley) 114 which
produces a braking torque, aSWngapre vensromtar 115 for absorbi ng any ¥
fluctuation of the tension on the wire, and a pulley 117 provi ded on the

free end of the tension bar. 115. In operation, a =~ 2- predeterm ned |evel

of tension is applied to the wire by cooperation between the nain tension
pul l ey 114 and the pulley 117. The main tension pulley 114 has a braking
devi ce which exerts a braking torque on the main tension

The present invention relates to a tensioning apparatus
for imparting a constant tension to a wire such as a wire
to be wound on a solenoid coil by a coil winding machine.
More partlcularly. the present 1nvent10n is concerned with
5 a tensioning apparatus which can vary and set the level of

tension freely by using an electric motor.

Tensioning apparatus of the kind described are used in,
for example, a coil winding méchine for the purpose of
imparting a constant level of tension to a wire which is
10 being unwound from a supply bobbin and wound on a coil
bobbin. |
An example of such a known tensioning apparatus is N
shown in Fig. 8.
The tensioning apparatus for a coil winding machine
15 generally has a main body 110 which includes a main tension
pulley (brake pulley) 114 which produces a braking torque,
a swingable tension bar 115 for absorbing any fluctuation
of the tension on the wire, and a pulley 117 provided on 5

thé free end of the tension bar 115. 1In operation, a



pul l ey 114. The braking device includes a disk'rotatable as a unit with
the main tension pulley 114 and a* band brake which acts on the outer

peri phery of the disk. The braking torqueis adjustable by a mechani cal
control of the contact pressure between the band brake and the disk. 10
It is to be understood, however, that the pressure exerted by the band
brake varies during Iong use of the brake. It is therefore a current
measuré to apply the brakin orque to the main tension pulley in a

non- cont act manrkitedeerming h@%lg's off tgngigneis arpliedagnethe wira bahi ch
oppose each other. Wth this arrangenent, the |level of the braking torque
“can be freely setodperadjiust betmedne txh&mamnetMJmerptﬂﬂeyrr&@Aeandirﬁla he
magneti c disk. This type of tensioning apparatus is shown in, for 20
exanpl e, JapanesguBaiyeil 7RubThe aid i tlaosiéﬁwa’@l]l&B&IM:hpanasbrékidg’ ty Model
Publ i cati on No. 48609/1988, Japanese Patent Publication No. 22194/1989,

Japanese Utilityddvidel wRibBhi 60ér 6 Nbrakifig 9td Qi i thapaaenctéfidion ¥

Model Publlcat|on hb 11420/1990 25 A wire 103 which has passed
the main tensio "R rJa% S dbves ﬂpcn)'de% ROBRER AOFat¥bIEh i S
rotated at a hig spee by a vﬁn rngnﬁgchlne 101, through an idle pulley

Hi8, the pulley dd & QY 998h Ohd il %8n§06n builly 199 LRA B%arld Drake

idle pulley 104 and a nozz

vhich acts on the outer periphery of the disk. The braking
U | torque is adjustable by a mechanical control of the contact
préssure between the band brake and the disk,

10 It is to be understood, however, that the pressure
exerted by the band brake varies during long use of the
brake.

1t is therefore ; current measure to apply the braking
torque to the main tension pulley in a non-contact manner

15 by means of a magnet and a magnetic disk which oppose each

other., With this afrangement, the level of the braking

~ torque can be freely set by adjusting the distance between
the magnet and the magnetic disk.
This type of tensioning apparatus is shown in, for
) 20 example, Japanese Patent Publication No. 11270/1988,

Japanese Utility Model Publication No. 48609/1988, Japanese
Patent Publication No, 22194/1989, Japanese Utility Model

" Publication No. 11418/1980 and Japanese Utility Model
Publication No. 11420/1990.

25 A wire 103 which has passed the main tension pulley



5 During the windi-ng, the nozzle 105 is noved to the |eft
and right as viewed in the draw ng. The'ténsLQn bar 115 is sw ngabl e about
a fulcrumof an axle 111 of the tension bar 115 and is urged in the

cl ockwi se direction by the force -of a back tension spring 10 112
so as to pivot in accordance with the level of the tension thereby -
absorbing variation in the back tension, thus naintaining akconstant level
of tension at the position where the wire is wound. The back tension 7
exerted by the t¥hdisotakgn 4nchy s pobbin 102 whinhdsamosabed sat s thilghe by
replacing the tension spring or by changing the position of the tension
spring after rcanreed byf at mindingimaghdoecl0bs throughhanofidie pullandlidy
oper abl e knob. The above-descri bed tensioni ng device has a drawback 20
that a manual ddjeupnildgywbi® proovialeds oar Yheafied ieml iolfe thpetéedsoat ibars of
the winding is changed, requiring | aborious work for adjusting the |evel of

the braking tordib applidéd pwlldye 104 andeasherzw108), and adj ustment of the
back tension applied to the tension bar. 25 The necessity of

the granual adj usti ngyeRREAERE Windingl theCABRERYISINs 1HPREFSd PEQAYR i on

efficiency of the conventional automatic coil w nding apparatus 1n which a

plural ity of coidey ahg PRRRE & vidveldin Rk "Fadlisgiback of the

conventional apparatus IS

The tension bar 115 is swingable about a fulcrum of an
axle 111 of the tension bar 115 and is urged in the W)
clockvise direction by the force of a back tension spring
10 112 so as to pivot in accordance with the level of the
tension thereby absorbing variation in the back tension,
thus maintaining a constant level of tension at the
position where the wire is wound.
The back tension exerted by the tension bar 115 is
15 . changeable or adjustable by replacing the tension spring or
by changing the position of the tension spring after
removal of the housing cover or by means of an externally e
operable knob.
The above-described tensioning device has a drawback
20 that a manual adjusting work is necessary each time the
specifications of the winding is changed;.requiring
laborious work for adjusting the level of the braking
- torque applied to the main tension pulley and adjustment of
the back tension applied to the tension bar.

25 ‘The necessity of the manual adjusting operations



5 It has no nmeans for correcting any variation in the tension, when
necessary, during the w nding operation. According to the present

invention, there is provided a tensioning4apparatus conprising: a rotatable
mai n tension pulley on which a wire pulled 10 out froma source is
wound and which applies a tension to said wire; a magnet brake for applying
a braking torque to said nmain pulley; a rotatable auxiliary tension pulley

di spdbsed so as tQréﬁh“d°“§19eiﬁpga?ft5¥L¢H¥§ﬂ§9t@&f§°5@#§¥‘“¥1€”3n of said

wire between said main tension pulley a e mre pu ng out end which is

on the downstream s of _Sai | ps 1 ension  pul:| ey ' i h

di rection of mv@n@%@ﬁ&%"saai éq\%ﬁ%&% elnlsire’(%lqull"‘i zh? ﬂgé?%%ﬁ%gﬁg"e%&?gt%t ably
carrying said 20 .,auxiliacy tension roller and rotationally urged by a
spring in such aph?¥%§ﬁqx3ﬁfa§°fxst%ﬁ%e?%ﬂﬂ ak; Pe?l?ﬁEreby resiliently
absorbing variation in the tension of said wre; 25 a brake
force adjusting mechdtolherodranback ok the convertional arparatust is that

-5- a back tension adjusting neans for adjusting the forc .exerteg by said
spring scas to ath R3St @’?'T’lg?‘?’(')r‘é%r’c') ctiPY ?%sYBﬁlﬁgf?Ha%r RE force

adj usting mot or fé@né%%#?l&ﬁ ecessary, during the winding operation.

According to the present invention, there is

provided a tensioning apparatus comprising:

N a rotatable main tension pulley on which a wire pulled
10 dut from a source is wound and which applies a tension to
said wvire;
a magnet brake fdr applying a braking torque to said
main pulley;
) a rotatable auxiliary tension pulley disposed so as to
15 be contacted and rotated by a portion of said vire between
said main tension pulley and the wire pulling out end which
is on the downstream side of said main tension pulley as
viewed in the direction of novement-of'said vire;
a tenéion bar having one end rotatabiy carrying said
20 auxiliary tension roller and rotationally urged by a spring
in sucﬁ a direction as to tense said wire, thereby
resiliently absorbing variation in the tension of said:
) vire;
25 a brake force.adjusting mechanism for adjusting the

effect of said magnet brake;



5 adjusting portion of said brake force adjusting nmechani smthereby
enabling adj ustment of the brake force; and control circuit nmeans for
setting the brake force to a desired level and for detecting the | evel of
the brake force, said control circuit neans being capable of controlling 10
said notor so as to actuate said adjusting portion of said brake force.

adj usti ng nechani sm to Qsition_ correspondin o the.set. | eyel af the
fenston. The back thhech taiFieE  af MRS’ Reen? EPr ATaisRine" thrs Fored

adj usting notor for ving.a novabl e 15 agj.ust i menmher for adjusting
the force of tPkeR ,sgﬁa PRELRG T AS &Pr@gpPs%egﬁ% YREANg: £eTSe PRy (o

be capabl e of setting the back tension to a desired | evel and detecting the
| evel of the bseid ttansion hagsal so capabl e of controlling the back tension
adj usting notor 20 to nmove the novabl e adjusting nenber of the back v
tensi on adj usti ng redirakes forceaagiestiren modorefponactupting lam set | evel of
the back tension. 25 The control circuit neans peferably I ncl udes: a
term nalg for eadjhsting gloritignodft seiddoiakice foroe; adjusting sechantahn f or

-6- 56157.576 receiving an output froma back tension sensor for 5

sensi ng t he | ethéreby témmbldalg adjestwentarnd dhei beuké fercezonrindo! |ing the
operation of the brake force adjusting

control circuit means for setting the brake force to a
desired level and for detecting the leQel of the brake force,
said control circuit means being capable of controlling

10 said motor so as to actuate said adjusting portion of said
- brake force adjusting mechanism to a position corresponding

to the set level of the tension.

The back tension adjuSting'means may include a
back tension adjusting motor for moving a movable
15 adjusting member for adjusting the force of the spring,
and the control circuit means may be designed to be
capable of setting the back tension to a desired level &
and detecting the level of the back tension and also
capable of controlling the back tension adjusting motor
20 to move the movable adjusting member of the back
tension adjusting mechanism to a pesition

corresponding to the set level of the back tension.

25 _
Tre cntral cirouit means preferably inchides: & texminal for

enabling setting of the back tension} an input terminal for



notor such that the output fromthe back tension sensor coincides with the
set back tension. The back tension adjusting nmechani smpreferably 10

i ncl udes a notion converting mechani sm capable of converting the rotational
out put of the back tension adjusting notor into a linear notion. The
motion converting mechani sm may include egns for converting rotational
notion about a first rotational axis to 15 rotational notion about a
secona*fotatiogﬁlgvgsydmnpendicular to said first rotational axis. Such
converting nmeans may be a conbination of a worm gear and a worm wheel. A
‘pfeferred enbodi mrent of the present invention 20 w Il now be descri bed
wi'th reference to the acconpanying drawi ngs, in which: Fig. 1 is a front

o euat onal v Sl P el DA% VAP oy °c00rBance
_along the I8 ne sen®igig he keved pf the haak densianyiand @acdF@idhFhe
line B-B of Fi Gontrolling thd ogerdtion GFf tHe \ttdlad Forde Wdustithg
enbodi ment shown in Fllg. Wit E_‘é’??re r lid roem \ixeefj l;[ahc r fernosrgon':is%ns&;oxi' s a
| ongi t udi nal s@GYnAIGH hat e SHRPY HF
' coincides with the set back tension.
.The back tension adjusting mechanism preferably
10 includes a motion converting mechanism capable of
converting the rotational output of the back tension
adjusting motor into a linear motion. The motion
converting mechanism may include means for converting
rotational motion about a first rotational axis to
15 rotational motion about a second rotational axis
perpendicular to said first rotational axis. Such
converting means may be a combination of a worm gear and
a worm wheel.
A preferred embodiment of the present invention
20 will now be described with reference to the accompanying
drawings, in which:

Fig. 1 is a front elevational view of an embodiment
of the tensioning apparatus in accordance with the
present invention; ' '

U 25 Fig. 2 is a sectional view taken along the line A-A
of Fig. 1;
Fig{ 3 is a sectional view taken along the line B-B
of Fig. 1; '



line CGCof Fig. 4, 5 Fig. 6 is an illustration of the

positional re

| ati onship between a nagnet and _a magnetic disk; Fig. 7 is a

bl ock di agram of the circuit of a tensioning’apparatus enmbodying the

present inven

tion; and Fig. 8 is an illustration of the basic arrangenent

of 10 known tensioning apparatus used in an ordinary coil wnding -

machi ne. The
specific refe
shaft 76 are
the tensionin
mai n body 11
specifically,

wall of the nmain bo

bracket 77 fi
the mai n body

outline of the enbodinent will be described first with

rence to Figs, 1 and 2. A pneunmatjc lin er 45 a
15 Figs £t a Fe3k ¢ t%‘eﬁ‘?iac?él ¥ Phethe ﬁ‘“BSQ}“‘E!}tof

HISRL N Broni bomilia deesh; Lhe  Eondyed-Enatergper "0 "¢
f[he dl t'§1gi.s$r?ffox lh?dzp '%g@%ﬂ?f%h 2Qaken %E‘Bnﬁo%gm

T and1s re e|ve ore orne in a

XEethd Tl &€ dig M adi ng ITB.ChI ne. -8- The front surface of
11 1s coveredsﬁy a front cover 12 on which are nounted a wire

ng

presser 55, a mai nm&%we)msn&ﬂ eyl Dist Palkidh a6§ tRespesipibhays 4la, 41b, a

n1crosantch,
tension bar 3

10

15

20

shne guide 66 and a pulley 40 on the 5 end of a
&eIléheuam&iip che deedi® a anaghaet candoa magdebkdcadiske P from

Fig. 7 is a block diagram of the circuit of a
tensidning appafatus embodying the present invention; and

Fig. 8 is an illustration of the basic arrangement of i,/
known tensioning apparatus used in an ordinary coil winding

machine.

The outline of the embodiment will be described first
with specific reference to Figs. 1 and 2.

A pneumatic cylinder 45 and a mounting shaft 76 are
attached to the lower surface of the main body 11 of the
tensioning apparatus.
| The mounting shaft 76 is used for mounting the main
body 11 on a coil winding machine which is not shown. Mox &’
specifically, the mounting shaft 76 is partly embedded in
the bottom.wall of the main body 11 and is received in a
bore formed in a mounting bracket 77 fixed to the coil

winding machine.

(S8



a supply bobbin (not shown) to the tensioning apparatus. The wire P
supplied fromthe supply bobbin is guided hy gt he snell guide 66 and is led
to the main tension pulley 22 10 through the wire.presser 55 so as to be
wound around the main tension pulley 22. A braking torque is applled to the
mai n tension pulley 22 by an el ectromagnetic brake. The wire Pis then |ed
throqu auxiliary tension pulleys 41b, 4l1a and, after making a turn around
t he pu ey 15 40 on the tension bar 36, taken up by and wound on a coi
bobbi n which is driven by the coil w nding nmachine (not shown). The tension
bar 36 is adapt elibeofrahtosbrfigcenpfyviheamadn ibodyhdlt dssicoveastd gy @n t he
wre P, while the 20 auxiliary tension pulleys 4la, 41b are adapted for
changi ng t hEX8PEEPVBR &2 ﬁﬂvEHéﬁi‘ éFet Reupted R ¥4 rgs presisesr &dee & he
I*engt hs of the pprtions of ynd around the main tension pulley

22 and the BatPeyeRg§ioR ppl Bﬁiyn l’er"U?‘ Gériyn('f&t“}?dr%‘t aplilevshdlam A iody 11

f mh h h
Consi on_pul fe 9508 ERR' 20 RO pRRAT,BRAPSEE PRECA BRI A0 AN ENeG (he

rotatiopal whdi 8§ LOk& ﬁs?éﬂrbsg gg the tension Iever 36. The tension acting
on the running wre IS sense a pressure sensor 220. More

Eﬁﬂ:le ; I Zfilbl Y, thfhersﬁémegﬁfa@as?ig 289peeadrbr s EERg & wWite POE LI’ Y
a supply bobbin (not shown) to the tensioning apparatus.
o The wirg P supplied from_the supply bobbin is guided by
~ the snell guide 66 and is ied to the main tension pulley 22
10. through the wire presser 55 so as to be wound around the
main tension pulley 22. A btaking torque is applied to the
main tension pulley 22 by an électromagnetic brake.
The wire P is then led through auxiliary tension
pulleys 41b, 4la and, after making a turn around the pulley
15 40 on the tension bar 36, taken up by and wound on a coil
bobbin which is driven by the coil winding machine (not
shown).
o The tension bar 36 is adapted for absorbing any
variation in the tension acting on the wire P, while the
20 auxiliary tension pulleys 4la, 41b are adapted for changing
the direction of movement of the wire P so as to increase .
* | the lengths of the portions of the wire P wound around the
main tension pulley 22 and Ehe pulley- 40.
A stepping motor 200 incofporated in the main body 11

25 ig adapted for adjusting the braking force which acts on



fromthe neutral position so as to neasure the pressure which acts on this
pul l ey 41b and which indicates the tensi%n-acting in the wire P. 10 A

description will now be given of the detail of the mgjor parts of the
apparatus, as well as operations.of such major parts. The wire presser 55
clanps the wire P between pads so 15 as to lead the wire P guided by the

snell guide 66 towards the main tension pulley 22 thereby preventing the;
wire P fromcomng off the nain tension pulley 22 and any sl ack of the*fire
P. The force withe whinhténxion palpeps22; bl ecstepphng oo 210bds
adjusted freely by rotating an 20 adj usting nut- which is not shown. The

braking force iagagesgdrférechdus@igR €hé OPPRdHildnd]l hegiRgNferieeRwIeRed magnet
48 and a magnetic di sk 49 which opposes the magnet 48. 25 - As shown

in Fig. 2, the ket £85d AgviegyY382 is fixed to a disk base plate 21 by
means of a basgﬁgla?e |£?ﬁb SgFEMI51 and a nut 85. The above-nentioned

magnet i ¢ - 10 - g?ktélgsiio% fa'c*.?ﬂ&} ?ﬁt{'}ﬁe qilﬁhnil?%sgiphaﬁei%ﬂsee?/l%f%lh%#héhe

magnetic disk 49 ro es das a uni e mal n tensi on pu

?g:jina} GBZ%?Pngg !gggs%lirgnger}sr})er %grolet Mgrgl ssgl(ecx iac%(ilgr(,)t @ﬁgbélyesssmor ted by

sensor 220 senses any movement of the auxiliary pulley 41b
from the neutral position so as to measure the pressure
which acts on this pulley 41b and which indicates_the g_)
tension acting in the wire P.
lQ A description will-now be given of the detail of the
major parts of the apparatus, as well as operations of such
major parts,
The wire presser 55 clamps the wire P between pads so
15 as to lead the wire P guided by the snell guide 66 towards
the main tension pulley 22 thereby preventing the wire P
from coming off the main tension pulley 22 and any slack of

the wire P, The force with which the wire presser 55

presses the wire can be adjusted freely by rotating an

20 .
adjusting nut which is not shown.
) The braking force is generated through a cooperation
between a permanent magnet 48 and a magnetic disk 48 which
opposes the magnet 48.
25 .

As shown in Fig. 2, the main tension pulley 22 is
fixed to a disk base plate 21 by means of a base plate

fixing screw 51 and a nut 85. The above-mentioned magnetic



provided on the front cover 12, so that theygnitary structure including the
mai n tension pulley 22 and the magnetic disk 49 snoothly rotates with
respect to the front cover 12. 10 On the other hand, the permanent
magnet 48 opposing the magnetic disk 49 is fixed by bonding to a magnet
pol e base plate 17 which in turn is fixed to a nagnetic pole shaft 16 by

~ nmeans, of a magnet pol e base plate fixing screw 47. 15 Fig. 6 shows the

rel at Pohshi p bet wee e. net, and,t he etic disk r generating the
br aki ng-f or ce. Tﬁﬁsgaéﬂe%gfgifqghg°nﬁbﬁe?{%§] ase 5ﬂ€%§hg£nsgn S oded

vi ew expl oded around the Is of rotation. 20 ... As w]l be seen from
"Fig. 6, the pernﬂﬁ?éﬂ?t%g‘ﬂ‘iﬂk 4@ gatates| 3§ A junitomith, khe paimdansion,) e
pieces of Nand S polarjities arranged alternatingly in the circunferenti al
di rection. Al ter®alilayl 2. a Thehgainapensien rrind@yetdilc and nph cragnetic
magneti zed to provide the nmagnetic poles shown in 25 Fig. 6. In operation,
eddy current is dgdisérafecare ratadabdgnsupportek by radinbebesrimgs 63Ji 68 49
under the i nfl uence of the magnetic poles of N and S poles of the
per manent nagnet pfovidbérabythe Hraktngover 12, isv ghaer ghedubitayen the

per mmnent magnet 48 and the magnetic di sk 49.
structure including the main tension pulley 22 and the
magnetic disk 49 smoothly rotates wifh respect to the front
cover 12,
10 On the other hand, the permanent magnet 48 opposing
the magnetic disk 49 is fixed by bonding to a magnet pole
base plate 17 which in turn is fixed to a magnetic péle

shaft 16 by means of a magnet pole base plate fixing screw

47,
15
Fig. 6 shows the relationship between the magnet and
the magnetic disk for generating the braking force. The
magnet and the magnetic disk are shown in an exploded view
exploded around the axis of rotation.

20 As will be seen from Fig. 6, the permanent magnet 48
has a plurality of permanent magnet pole pieces of N and §
pelarities arranged alternatingly in the circumferential
direction. Alternatingly, a ring-shaped ferromagnetic

. member is magnetized to provide the magnetic poles shown in
- Fig. 6,
In operation, eddy current is generated in the

magnetic disk 49 as the magnetic disk 49 under the



The | evel of the braking torque is. determned by the 5 size of the
gap between the pernmanent nmagnet 48 and the nmagnetic disk 49 . The setting
of the torque, therefore, is conducted by ldi splacing the pernmanent magnet
48 towards and away fromthe magnetic disk 49. A gear 203 is fixed to the
magnet pol e shaft 16by 10 means of a gear nmounting screw 206. The
gear 203 is driven by a gear 201 fixed to the shaft of the stepping notoy
200 through an idle gear 202. On the other hand, a torque adjusting rin@f
204 is rot at ablipfiuenee tafd thier saghetic walesngfeNgagdn® rpoles »flEhe

torque adjusting ring support frame 205 which is fixed to the main body 11.
This torque adpeaphament imugn2®4 48|, sehésely xebrakihBetorpetis geherhtdd. By
rotating the torque adjusting ring 204 through the operation of the

st eppi ng not or beébheer helieefp@irmaneht | RaPnstsi48 @ndOtRE magnetiy YisRe49er manent
magnet 48 towards and away fromthe magnetic disk 49, thereby adjusting the

size of the gap DEtTREMdvA B4 KRG HEaNE Yordliedld AbErERA by thak 49

The control of the stepping notor 200 is conducte rough a contro

sectiong230 (sggzEi @ t%ﬁem%%egewgﬁgo@!ﬁ% < manent! ﬁ?éﬁéﬂﬁﬁ %[B’d ttng st eppi ng

nDtpr_ZOO is revere per manen 0 an-ordinary
posit 1 on and | kRERLORFHE, 08, OTiF (LR ORI 1FRRST RrBeBR, 8"
 conducted by displacing the permanent magnet 48 towards and
away from the magnetic disk 49. Q_)
A gear 203 is fixed to the magnet pole shaft 16 by
10 means of a gear mounting screw 206, The gear 203 is driven
by a gear 201 fixed to the shaft of the stepping motor 200
through an idle gear 202.
On the other hand, a torque adjusting riné 204 is-
rotatably supported through a screwing engagement by a
15 torque adjusting ring support frame 205 which is fixed to
the main body 11. This torque adjusting ring 204 also is
fixed to the magnetic shaft 16,
By rotating the torque adjusting ring 204 through the
operation of the stepping motor 200, therefore, it is possible to
20 move the permanent magnet 48 towards and away from the magnetic
disk 49, thereby adjusting the size of the gap between the
permanent magnet 48 and the magnetic disk 49,
The control of the stepping motor 200 is conducted

through a control section 230 (see Fig. 7). When the power

25 is turned on, the stepping motor 200 is revered to move



The detection of the above-nentioned ordiRary position 5 is conducted by
sensing a change in the sensor output which detects the size of the gap
bet ween t he pernmanent nmagnet- 48 and the magnetic di sk 49 or by
de-synchroni zati on of the stepping:-notor 200. A description will now be
given on the arrangenent for 10 inparting back tension to the wire P which
is being pulled out fromthe supply bobbin. As shown in Fig. 1, the pulley
40 fo}“ﬂnparting or adjusting the back tension is secured to the end of the
tensi on bar 36 by neans of a pulley nmounting piece and a 15 radi al bearing
whi ch are néhespsrmangante paigae ts kgf @3 pridinge Pesi ke ARdnipkhenng 37
which in turn is fixed to the other end of the tension bay 36. The tension
shaft 31 i sOPSEatell $os§8folhed PeFmanentsimagnek 1o 2 ROXEEIPR i ded on the
front cover 12 20.through radi al hearings 65, as sh in,Fig. 3. A
tension | evgte%ff"'i"é'ef]i d the istp§°d%3° Suloy t%f?‘i‘h%e@m"b‘fdf'h‘g- t ensi on
shaft 31 through,a tension.l ever. ni Tt Fo) t ' :

t he tension shaf tr?'gl%ae?f G lé)%t g’ﬁsitgrr%qlag%evre 3‘?? 0 (21' eéd aés]le%iﬁgnﬁ Oé:?%ﬁheg@h

Cons!onBoud” TGRSO sl Shaiys 54 s i hpepue Gt 1
Fig. 4, thegetelcda! thel ls9ze34f Tl \(RitP between the permanent magnet 48
and the magnetic disk 49 or by de-synchronization of the
stepping motor 200.
A description will now be given on the arrangement for
10 imparting back'ténsion to the wire P Which is being pulled out
'frﬂntﬁe supply bobbin. |
As shown in Fig. 1, the pulley 40 for imparting or
adjusting the back tension is secured to the end of the
tension bar 36 by means of a pulley mounting piece and a
15 radial bearing which are not shown. A tension shaft 31 is
fixed to a tension bar ring 37 which in turn is fixed to
the other end of the tension bar 36.
W | The tension shaft 31 is rotatably supported on a
tension shaft seat 35 provided on the front cover 12
20 through radial bearings 65, 65 as shown in Fig. 3. A
tension lever 32 is fixed at its one end to the inner end
# | of the tension shaft 31 through a tension lever ring 33.
Therefore, the tension bar 36, the tension shaft 31 and the
_tension lever 32 rotate as a unit with each other.

25 ”



held in contact with the |ower surface of a swing |ever 25. 5 Fig. 4
shows a state in which no tension is appllided-at all to the wire P. The
swing lever 25 is swingably supported by a | ever shaft 24 provided on the

i nner surface of the front cover -12, through radial bearings 64, 64, so as
to swi ng about a 10 fulcrumconstituted by the | ever shaft 24. A
movabl e spring retainer 29 is screwed to an adjusting screw 27 which is |,
supported by the frame of the swing | ever 25. The spring retainer nut 99’ i s
urged downwardly asAvicenkact mailer 84bjsasecutedtiongdhepother 3nd xxf ttheat t he
swing lever 25 is 15 al ways urged counter-cloekw se as viewed in Fig.
4. Counter - cl odlensienshever N3 dfy meanswofiga | soreew 33, ahdvweveut 86, | iAs t ed
because the counter-clockw se rotation of the tension |lever 32 also is
limted by a ruwiidr bet 8gesi figowd ¥ifg.t Ugdihe éshtdvicirollereddi P dlayw ovi ded <
on the 20 I nner surface of the front cover 12. The other end of the
adj usting spri m@)A0inScoRtAEOOMH Y the' EbdePi itk fi¥eC 0428 ¥PikE Ieved' Qg?.ded
in a V-shaped |l ever 42. The V-shaped lever 42 is swi ngably supported by a

I
shaft pbn 61 prggy dad he dONR& iU Fro : n 12 so
as to freely svl\?l\#gj gr gﬁﬂggtﬁiés pI nlgl.m‘il?ﬁ 3 E&%Zfolh g%d%ﬁ%%?%o‘ﬁﬁﬁi%n of
operation, the.,gn kG . cylinder 45 operates to extend a pneunmatic
cylinder rod 4§§’§§g§h%gﬁ ?h Fig. 4 so as to push a contact roller 43 on

the V-shaped The swing lever 25 is swingably supported by a lever

shaft 24 provided on the inmer surface.of the front cover 12, g')
through radial bearings 64, 64, so as to swiﬁg about a
10 fulcrum constituted by the lever shaft 24. A movable
spring retainer 289 is screwed to an adjusfing screw 27
which is supported by the frame of the swing lever 25. The
spring retainer nut 29 is urged downwardly as viewed in Fig.
4 by an adjusting spring 30, so that the swing lever 25 is
15 alﬁays ﬁrged cbuntér-clockwise as viewed in Fig. 4.
Counter-clockwise swinging of the.sving lever 25,
however, is limited because the c;unter-cloékwise rotation
of the tension lever 32 also is limitéd by a rubber stop
ring 67 fitted on an inner projection 12a provided on the
) 20 inner surface of the front cover 12.
The other end of the adjusting spring 30 is retained
by a retaining hole 42a which is‘pro;ided in a V-shaped
- lever 42, The V-shaped lever 42 is swingably supported by

a shaft pin 61 provided on the inner surface of the front

25 cover 12 so as to freely swing around this pin 61. 1In



| ever 42, whereby the V-shaped lever 42 is held at a fixed 5

position. As a consequence, the position of the retainer hole 42a forned
in the V-shaped lever 42, i.e., the |lower jg@nd of the adjusting screw, is
fixed. The detail of the mechani sm-enpl oying the V-shaped | ever is
described in detail in Japanese Utility Mdel 10 Publ i cati on No.
48609/ 1989. In this invention, however, the structure of and around the

V- shap | ever 42 does not cqmstitute any featurg of the present,ipventi on.
Thus. the mechani SHRUMIT GoBALEHR Ak GREFALIENy the ipnengadifortiieden 48 ng
the | ower end of the adjusting 15 spring, . Consequently, the force

whi ch acts to cau%%e‘f‘ﬁgsc&l?nf’g’;@%" Gt IRedmathe ngY hipdar red gbngm@mn am s

determ ned solely by the position of the novable spring retainer nut 29
whi ch retains thefigpd sen@sototpruslp@ contact wellen iddgospthagVsshare’l nce
the lower end of the swing |l ever 25 constantly presses the contact roller
34 on the tensionléwarrd232 wheheby cited Vofshaped bheker adsiienhedpaat cal fixedne
pulley 40 is determined by the position of the novable spring retainer nut
29. 25 g posiitiompr dsgar eéwseyrencel, tRe hpes it fomnelfe ther petd inerad

- 15 - to which the adjusting screw 27 is screwed. Therefore, the spring

\rAﬁte ﬁi ner Plrjnt V\ﬁgelnng% t{cziaxtef?e?gagﬁgtﬂm Wishagkd DévdhalBdiilal |, "phé CTWér27
end of the adjusting screw, is fixed.
The detail of the mechanism employing the V-shaped
lever is described in detail in Japanese Utility Model
10 Publication .No. 48609/1989. In this invention, however,
the structure of and around the V-shaped lever 42 does
not constitute any feature of the present invention.
- Thus, the mechanism should be understood merely as
being a form for fixing the lower end of the adjusting
15 spring.
Consequently, the force which acts to cause the
N counter-clockwise swinging of the swing lever 25 is
determined solely by the position of the movable spring
retainer nut 29 which retains the upper end of the
. 20 adjusting spring 30f' Since the lower end of the swing
lever 25 constantly presses the contact roller 34 on the
tension 1¢ver 32, the level of the b;ck tension imparted to
- the pulley 40 is determined by the position of the movable
spring retainer nut 29.

25 The spring retainer nut 29 has a female screw thread



end of the adjusting screw 27 is rotated. 5 The | evel of the back
tension is adjusted as the distance betwekh the spring retainer nut 29 and
the |l ever shaft 24 serving as the fulcrumis changed. In order to indicate
the | evel of the back tension thus adjusted, nmarks 70 are painted in red
color on a portion of the novable 10 spring retainer nut 29. These marks
are observable fromthe exterior of a back lid 13. As will be seen from
Figs. 4 and 5, the worm wheél 215 is rotated by a gear 211 fixed to tHht

shaft of a steppivigichiothe a8dfustingpupireyedisi2lcrdial .anTherefore 2lthe 15
In the illustrated enbodi ment, the axis of rotation is turned by the use of -

the worm 214 aggkr inpe redainshenit 226 mobleiss iar theodimsutionovEvakisief only
illustrative and the plane of rotation may be changed by using nmeshing

spiral gears. {ye st iR@SEerde2TaNeh FBNobR FhésN G Fixedotdhowonal |y >
of the dianeters of both spiral gears are equal. Referring to Fig. 4, the

adj usting screy,d o ﬁ:hreo'éﬁéiﬁgrgf’r)/g te et Qgpgﬁgr{;p ©£4.210 and causes the
nu ele

novabl e spring retainer to nove to t t as 25 viewed in this
0000, TETEDY TS b e Mol Sensidf e ARET ST 201,
right. The steﬁggég%éga %&w%&g {ﬁb‘éﬁFfHE %% a&ﬁé?“ﬁwktibaand the lever
shaft 24 serving as the fulcrum is changed. In order to
indicate the level of the back tension thus adjusted, marks g_)
70 are painted in red color on a portion of the movable
10 spring retainer nut 29. These marks are observable from
the exterior of a back lid 13.
As will be ;een from Figs. 4 and 5, the worm wheel 215
is rotated by a gear 211 fixed to the shaft of a stepping
motor 210, through gears 212, 213 and a worm 214.
15 In the illustrated embodiment, the axis of rotation
is turned by the use of the worm 214 and the worm wheel 215,
This arrangement, however, is only illustrative and the -
plane of rotation may be changed by using meshing spiral
gears. In such a case, the gears may be arranged
) 20 orthogonally of the diameters of both spiral gears are
equal.
Referring to Fig. 4, the adjusting screw 27 is
rotated by the stepping motor 210 and causes the

movable spring retainer nut 29 to move to the left as

25 viewed in this figure, thereby raising the level of the



controller (control circuit) 230. Wen the power is turned 5 on, the
control circuit operates to reverse the stepw ng notor 210 so as to reset

t he nmovabl e spring retainer nut 29 to an ordinary. position and then sets
the sane to a position determ ned by the wi nding specifications in
accordance with nunerical data which have been input 10 beforehand. The
detection of the above-nentioned ordinary position is detected by measuring
a chaﬁd% in the output froma sensor (not shown) such as a photoelectric
sensor for detecting the position of the novable spring retainer nut 15 29
of by a cir baick afemariale- SyrQonverse g, titee Bagpi tensindwriL 1Dowéred
description will now be given of the nethod for adjusting the tension of
the wire duwhes wihedispr ingharetdines matP 2% iniineed nte hehev ntging.
direction, the 20 wire P receives a tension of a level of a predeterm ned
range which is d&he AtepPing metan Adthds et rokledthgouge ¥R8 n tensi on
pul l ey 22 and the back tension applied by the tension bar 36. A smal

change in t ROMFRLIGF | (CAYTRh et Letithl 230 - ¢ dihen nthe Patetel s chvengd

Swing so as to gttain bal ance .. - 17 - between the tension of the wire P
on the Bull @P N FRThATh FARPULS SPTRANTEAT oI 1L T FERPHS The
pressure Seﬂa%%rorzzﬁos'la.%‘“ké r\:ézitge'sét st?lpesql?o%.yle spring retainer nut 29
to an ordinary position and then. sets the same to a -
position determined by the winding specifications in
accordance with numerical data which hawe. been input
10 beforehand.
The deiection of the abové-mentioned ordinary position
is detecfed by heasuring a change in the output from a
sensor (not shown) such as a photoelectric sensor for
detecting the position of the movable spring retainer nut
15 29 or by a circuit after de-synchronizing the stepping
motor 210.
A description will now be given of the method for
— adjusting the tension of the wire during winding.
When the wire P is pulled in the winding direction} the
20 .wire P receives a tension of a level of a predetermined
range which is determined by the braking force exerted by
the main tension pulley 22 and the back tension applied by
the tension bar 36. |

A small change in the tension is absorbed as the

a

25 tension bar 36 delicately swing so as to attain a balance



| arge tension which cannot be absorbed by the swinging of 5 t he
tensi on bar 36. The pressure sensor 22Q iiy housed in an auxiliary pulley
hol der guide 53 which is fixed to the front cover 12. The auxiliary pulley
41b is fixed to an auxiliary puliey holder 52 which is novable along the

I nner surface 10 of the auxiliary pulley holder guide 53 towards and
away fromthe portion where the auxiliary pulley 41b contacts the mﬁr%by.

During ordinary wi ndingq operation, the ayxil jar ul l ey, 41b i ghtl -
contacts the p%é%%ﬁ"& ﬂ%gﬁpsiﬂﬁ.°ﬁ§me Virgo 9ér,€h?\kié‘¥;l]t¥e4toe%§f’oﬁh%n t he
wre Pis increased, the pressure sensor 220 deljverg, an out put
correspondi ng bseime kanies grelied nko ddve tensdent ban , SO0 that the
control section 230 operates to control the stepping notor 200 in the
direction for reducthe ritesspreksensdnrdil) zbown inckig: el samnseseanti n
tension pulley 220. As a result, the pressure sensor 220 delivers to the
control sectiodagé tensienpwhioh eanmoiclbecabsespeddbygtlieo swimgiaguofd
tension on the wire P, so that the control section 230 operates the

st eppi not or tR0téwsidie bdirr 86{1 on i ncreasing the 25 braki ng force
exerted on the main tension pulley 22. - 18 - In the described

embodi ment, the tenphOpUsshb® ¥bhsor 22 GRhbakk&din NafGhfiddRey W th the
output fromthe pressure sensor 220. This, however, is only i1llustrative
pulley holder guide 53 which is fixed to the front cover
12. The:auxiliary pulley 41b is fixed to an auxiliary
pulley holder 52 which .is movable along the inner surface
10 . of the auxiliary pulley holder guide 53 towards and away
from the portion where the auxiliary pﬁlley 41b contacts
the wire P. |
During ordinary winding operation, the auxiliary
pulley 41b lightly contacts the pressure sensor 220.
15 However, when the tension on the wire P is increased,
the pressure sensor 220 delivers an output corresponding
to the tension to the control section 230, so that the
control section 230 operates to control the stepping
motor 200 in the direction for reducing the braking force
. 20 exerted on the main tension pulley 220. As a result, the
pressure éensor 220 delivers to the control section 230
an output of a level corresponding to the reduced tension
-  on the wire P, so that the control section 230 operates
the stepping motor 200 in the direction increasing the

25 braking force exerted on the main tension pulley 22.

o



and the control of the tension may be conducted in 5 accordance
with an output froma photoelectric sensofSwhi ch detects the posi tion of
the tension bar 36 which indicates the | evel of the back tension. In order
to indicate the instant |evel of the braking force exerted on the main
tension pulley 22, scales are 10 provided in the front surface of
a dial 15 fixed to the rotary shaft of the stepping notor 200 so as to be
visibé fromthe exterior of the rear lid 13. Fig. 7 is,a block diagram of
an electric circuit tfhcohdlescedbed ?*RPQkﬂﬁﬂtanﬁgg hepsien an dhe mdrg, Bsent
15 I nvention. The operator can input necessary data concerning

t he back tensi odst conbeoklnd rinl accordance3nith thei putpet ckromddet hat wires
of greater dianeters generally require greater |evels of back tension and
wires of snal | epreasanee esensorq2i2fe | Thiss, |lowelveref ishenbyckl kumtyiadivbecause
20 the wire may be cut during the wi nding by too strong back

tension. The conrindokhéi ¢entro123® thentemidmayt be sbr@wetwd rini or 200 in
accordance with the input data so as to set the brake torque to a suitable

level; and al so GRRbrRhRcE NALtH %apbasfﬁr@tf)ﬁqxelao photae1LotSEE ddikdraehich

tension spring to a position where it provides a suitable --19 - level

o  Dack 151 on 4R8O PHA B bESHTS LA ofcAb Ak c6h rhdiinsnt o
the level of the back tension.
&~; In order to indicate the instant level of the braking
force exerted on the main tension pulley 22, scales are
10 ‘provided in the front surface of a dial 15 fixed to the
rotary shaft of the stepping motor 200 so as to be visible
from the exterior of the rear lid 13.
Fig. 7 is a block diagram of an electric circuit
incorporated in the tensioning apparatus of the present
15 invention. The operator can input necessary data
concerning the back tension to the control circuit 230. It
will be obvious that wires of greater diameters generally
require greater levels of back tension and wires of smaller
diameters require lower levels of the back tension because
20 the wire may be cut during the winding by too strong back
. tension, The control éircuit 230 then controls the
stepping motor 200 in accordance with the input data so as
to set the brake torque to a suitable level and also

controls the stepping motor 210 so as to set the back

25 tension spring to a position where it provides a suitable



The state of the brake torque setting nmeans 201-206 5 are
confirmed through indicating portions_7Q9g _The position of the back tension
spring also is known fromthe position o? t he spring retainer nut 29

i ndi cated on the indicating portion 70 for observation fromthe exterior of
t he apparatus. 10 The operation or nethod of use of the
apparatus of the present embodinment is as follows: The main body of thp

t ensi oni ng apparatus is nounted on and fixed to a coil w nding machi ne¥not
shown) throughlenel nefitidoly teinsfion76.- Then, a wire P led froma supply 15
bobbin is threaded through the snell guide 66. Then, the wire Pis partly

clanped by the |ineDtesampuis gron thé ensvfisngrabaslivdred ¥oathen around
the main tension pulley 22, led through the auxiliary tension pulleys 41a,

41b and then weyp€rsl Oé‘ilqzdﬂl:e 213'0' ’tﬁb’oﬁ‘ﬂn d%ﬁ%:' Whakst g3pf 28zes P, 20
corresponding to the nunber of coils to be forned S|nuTtaneoust are

supplied in the abo q?§ﬁ{ d¢fBn SHHQ&

concerning the brak?ﬁg orceQ?o gﬁ% T to t%gkh%?ﬁqﬁgﬁ%%on pupﬁey and
t he back tenS|on to b nsi on b L_are,inp

- cbntrol sect PBf ??\?&fgﬂ?‘gﬁﬁﬁpﬁ ‘?Hbaetp'd\‘[ 985 Ilﬂnﬁc?: Td;[ﬁ'ceep\ﬂfllﬁl?%e
coil winding specificatio Then, the coj |l w chine is started so
that the steppPﬁ Jl:{'r?)ﬂb‘?"sk s“?EOSBY“E%é’ sé“ns¥1so "aﬂj‘gg'c’?%dﬂ??e@ﬁ&ﬁ%%

operate 10 of the spring retainer nut 29 indicated on the indicating
portion 70 for observation from the exterior of the -
apparatus,
10 The operation or method of use of the apparatus of the
present embodiment is as follows:

The main body of the tensioning apparatus is mounted
on and fixed to a coil winding machine (not shown) through
the mounting shaft 76. Then, a wire P led from a supply.

15 bobbin is threaded through the snell guide 66, Then, the
wire P is partly clamped by the line presser 55 and, after
making about 3/4 rotation around the main tension pulley 22,
led through the auxiliary tension pulleys 4la, 41b and then
wound around the pulley 40. A plurality of wires P,
.20 ' corresponding to the number of coils to be formed
simultaneously are supplied in the above-described manner.
Subsequently, numerical data concerning the braking
force to be applied to the main tension pulley and the back

tension to be produced by the tension bar are input to the



5 automatically set the braking force and the back tension to
predeterm ned | evels. Any change in the tensi @g applied to the wire P
during winding is sensed by the pressure sensor 220 and the control section
operates in accordance with the output fromthe pressure sensor 220 so as
to control the 10 stepping notor 200 thereby conpensating for such a
change iin the tension. As has been described, there is provided a
tensibﬂing apparatus having a main tensioning pulley which applies a
braking force to a noving wire and an auxiliary 15 tension pulley which
inparts a ba@&ntEQEi%ﬁctboﬂhbhmpvghtﬂeﬂéb??@éﬂ%ibglPﬁgtﬂﬁ@ iiénsi on on the
W re, wherein the_braking torque apglied to the main tension pulley and the

back tensi or2gFpraancewikh Fhgerodippipding eRecifirptirPsyendhgiptheey

t ot det Lpned | ls by 20 ti | ys | l.ed st
Tt or s, t hUSCRFEriHEREAG PROOBNESbReoEAREFHo0P: b8 trkREar LS RRICE: RSB
whi ch her et ohgge EfﬁeoPeﬁﬁﬁ”@88§§8£ya8589t§ﬂ§hmggﬁgﬂ§sﬂL B?%f@t@ﬂ%%g
condition, e.g., Size of e Wre, presence or absence of the sheath on the

wire, size OéutaﬂaggEEIQQEEEE €Re brARihg' Fbebel BRaCehe BARR tension b -

Thus, 5there can | qu and easy adj ustment of the tension when the
wi ndi ng specpiib@atepngndaciebanged. anli enhfgelin iktheddenartiageapplied to

particularly in the cases where coil W nding has to be conducted on a
the wire P during winding is sensed by the pressure sensor
220 and the control section operates in accordance with the
— output from the pressiure sensor 220 so as to control the
10 stepping motor 200 thereby compensating for such a change
in the tension.

As has been described, there is provided a
tensioning apparatus having a main tensioning pulley which
applies a braking force to a moving wire and an auxiliary

15 tension pulley which imparts a back tension to the wire
thereby controlling the tension on the wire, wherein the
braking torque applied to the main tension pulley and the

U back tension applied to the lever supporting the auxiliary
tension pulley are set to predetermined levels by

20 automatically-controlled stepping motors, thus eliminating
troublesome and laborious manual adjusting works which

# | heretofore have been necessary upon. each change of the
winding condition, e.g., size of the wire, presence or

absence of the sheath on the wire, size of the coil bobbin

25 and form of the coil bobbin.



5 plurality of coil bobbins sinmultaneously. Thus, the tensioning

appar at us makes it possible to inproverejability of the products and
ef ficiency of the winding operation , particularly when conbined with an
automatic coil w nding machine. 10 Furt hernore, any change in the

tension incurred during wi nding can be corrected for, by the control of the
braki ng torque on the main tension pulley which is conducted in accoraﬁgfe
with the output froma sensor which senses the tension on the noving wer'e
This contributes to 15 an inprovenent in products quality which are to be

finished with dpes.ficahkyehcah seadgu9bxduaki bysyAt |east in its preferred .
forms, the present invention provides: a tensioniing apparatus in which the

br aki ng t @djustaent af tthe Hensiaon twhen drhewirdingdspeeibicationsi on 20
are automatically adjusted and set to desired |evels in accordance with ?
wi ndi ng sPe@ Ghagsshs Hhis Lagture g mAwntageeus npapbieulaslyuined on

or when t tensi on lL.evel is, to be changed during the winding, and a

t ensi oni ng?'a?p&i'rsméﬂlﬁrﬁecﬁq’sl dnding g?a%o\"? &?iﬁﬁngﬁ?tﬁgr?ﬁt?on in the

AT enst onPae TR Lo b MR TR s SR Feh SR T e cmine pufhey Ton whi oh
awre pu@éﬂgfyﬂidawypﬁ%gggugxaismgﬁggdiand whi ch applies a tension to

possible to improve reliability of the products and
efficiency of the winding operation; particularly when
combined with an automatic coil winding machine.

10 | Furthermore, any change in the tension incurred during
winding can be corrected for, by the control of the
braking torque on the main tension pulley which is
conducted in accordance with the output from a sensor which
senses the tension on the moving wire. This contributes to

15 an improvement in products gquality which are to be finished
with specifiéally'high grade of quality.

At least in its preferred forms, the present invention

provides: a tensioning apparatus in which the braking o/
torque applied to the main tension pulley and the back tension

20 Aare automatically adjusted and set to desired levels in
accordance with winding specifications by an adjusting motor,

* when the power is turned on or when the tension level is

to be changed during the winding; and a tensioning apparatus
which is capable of correcting any variation in the tension

25 of the wire, when necessary, during winding.



said wire; 5 a magnet brake for applying a braking torque to said
main pulley;, a rotatable auxiliary tension pUI? y

contacted and rotated by a portion of said wire b;?:/v:gﬁﬁmmmn“ﬂummm

pulley and the wire pulling out end which 10 is on the*ddwndtré&antsite of
said main tension pulley as viewed in the direction of novenent of said

Wi re; a tension bar having one end rotatably carrying said auxiliary
tensivwh roller apfafpLationally urged by a spring in such a direction as to
tense said mﬁre,—T$mweby 15 resiliently absorbing wvariation in the

tension of said pre; rake.for | St ismfor adjusting the
effect of said rrglltgnetA %Fg' g?ﬁéﬁgacﬁi’?‘éynés{fsoﬁgg'gﬁg Ing means for adjusting
the force 20 exerted b aid spring so.as to,adjust the urging for n
sai d tension bar; a @réWéaiBng ?I'}'bg'[‘?'}‘?gwﬁol"&}ilf%rméc‘lw ﬁg"éﬁeaﬁ?gﬁ?‘fng
portion of said brake force adjusting necgggisgxtﬂereb ,enabLing,adjgstnent
of the brake foredt Hyam a soupge ig eyl and, ¥hie n%%RTéQ%P LenEiol t9e

brake force to a desired level and for detecting the |evel of the 5 brake
force, said cont®did ®¥n@dit means bei ng capabl e of controlling said notor
SO0 as to actuate said adjusting .

5 a magnet brake for applying a braking torque to said

main pulley;

a rotatable auxiliary tension pulley disposed so as to
be contacted and rotated by a portion of said wire betveen
said main tenéion pulley and the wire pulling out end which

10 is on the downstream side of said main tension pulley as
viewved in the direction of movement of said wire;

a tension bar having one end rotatably carrying said
auxiliary tension roller and rotationally urged by a spring
in such a direction as to tense said wire, thereby

15 resiliently absorbing vériation in the tension of said
N\ vire;
| a brake force adjustiné mechanism for adjusting the
effect of said magnet brake;
a back tension adjusfing means for adjusting the force
. 20 exerted by said spring so as to adjust the urging force on
said tension bar;
. a brake force adjusting motor for actuating an
adjusting portion of said brake force adjusting mechanism

thereby enabling adjustment of the brake force; and



portion of said brake force adjusting nmechanismto a position corresponding
to the set |evel of the tension. 10 2. A tensionlng apparatus according
to daim1, wherein said back tension adjusting I Hﬁﬂumi ck

tensi on adjusting notor for noving a novabl e adj m‘mﬂm dj usting
the force exerted fromsaid spring, andpsherein sait cont'ro cfrclit mean

I s capabl e of 15 setting the back tension to a desired | evel and

detecting the level of the back tension and al so capabl e of controlliﬁ&z
sai d back tension adjusting notor to nove said novabl e adj usting menber of

sai d back tension adjusting neans to a position corresponding to the set 20 ¢

kﬁvellof thg baCrchﬁﬁbmnciﬁduﬂttnaghsrfbg spptinguthecbrakengorceC ai m 2,
erein said, control .cirC : ' '
ther i Sai Oy gop! Ak 1GLacielelo A EBE! HUESCHRnbCEALBbvky 88l 10

_ termn I recelving an out put
from a back brakeofioxeesosaidr copkrphgcincuit apaps bringacrrabde @f and a

circuit for cgpbEathing sAgacRBraki 8 gk 8l dcbuate banacaaguutingg Mot or

puch Lhat 1S S BUC e a0 Back Loty splser nedhug des L Che oct
wher ei n sai dpbagkibancopreapondinggtoethe set! ldvelaofothen temsient.i ng
mechani sm capabl e of converting -the
10 2. A tensioning apparatus according to Claim 1, wherein
said back tension adjusting means includes a back
tension adjusting motor for moving a movable adjusting J
member for adjusting the force exerted from said spring,
and wherein said control circuit means is capable of
15 setting the back tension to a desired level and
detecting the level of the back tension and also capable
of controlling said back tension adjusting motor to move
said movable adjusting member of said back tension
adjusting means to a position corresponding to the set
20 level of the back tension.

3. A tensioning apparatus according to Claim 2, wherein
said control circuit means includes: a terminal for
enabling setting of the back tension; an input terminal

25 for receiving an output from a back tension sensor for W/

sensing the level of the back tension; and a circuit for
controlling the operation of said brake force adjusting
motor such that the output from said back tension sensor
coincides with the set back tension.

© 30



rotational output of said back tension adjusting notor 5 . inear
nmotion. 5. A tensioning apparatus according to Caim 4, \Mj eIw“ MHP
converting mechani smincludes neans for converting rotati c [ R

a first rotational 10 axis to rotational notion about a second rotational
axi s perpendicular to said first rotatiangy axis. 6. A tensioning apparatus
according to Claim5, wherein said notion converting neans includes a worm

gear and a 15 4worglwbasﬁo#1ngfaﬁp&&h@?&ngpabﬁaﬁﬁ?UQSSg!ggﬁ?ﬁhag?%géign -
gfgﬁ;zggfogg dggiﬁ'gggkwkgns&%neg gﬁgti%g h gggsinc udes a motion panyt ng
converting mechanism capable of converting the
rotational output of said back tension adjusting motor

s into linear motion.

5. A tensioning apparatus according to Claim 4, wherein
said motion converting mechanism includes means for
converting rotational motion about a first rotational

10 axis to rotational motion about a second rotational axis
perpendicular to said first rotational axis.

6. A tensioning apparatus according to Claim 5, wherein
said motion converting means includes a worm gear and a
15 - worm vwheel.

7. Tensioning apparatus substantially as hereinbefore
described with reference to Figures 1 to 7 of the
accompanying drawings.

20




