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SUMMARY

I. Title
Development of Technology of Design and Production of Double Winder for Synthetic Yarn
of 6 Yarn Doubling

II. Purpose and Importance of Research and Development
o Technology aspect

- The recently, a double winder is demanded double winder for synthetic yarn
of 6 yarn doubling which has 3kg weight capacity and 600m/min production
speed for deal flexibility with fiber discriminative as weaving wunion cloth,
speed-up twister, large package and composition cloth.

- For deal with its and secured competitiveness, we will develop design and
production technology which can be optimization of security condition for
yarn physical properties character and stability working mechanism. But,
middle or small company cant develop this technology by itseif.

- Especially, for improvement of the structure of the textile machinery industry
and independent of double winder design technology from other nation, we
develop the several technologies which is yarn behavior analysis technology,
design automation technology with high-speed and large capacity of spindle
unit, fraverse system design controlled by servo, precision grinding technology,
system simulation technology and manufacture technology

0 Economy and industry aspect

- The domestic textile industry is not harmony fiber industry growth as the
nation of exporting fiber in spite of on the basis of industries as concentration
low-efficiency textile machine. So, dont grasp not only world market but also
domestic market.

- The world is being more and more local blocking and solidifying international
standard, ISO 9000. Now, our country misses competitive power. Because of
our country competed with other countries. Advanced countries have quality
competitive power but a developing country remains a low price product. So,
double winder for synthetic yarn of 6 yarn doubling realized as soon as
possible for improvement of economic and technically achievement.

- We need to competitive power of the domestic textile machinery from
development of technology of design and production of double winder for



synthetic yarn of 6 yarn doubling for realization high-valued the domestic
textile machinery and preparation of advanced an advantage country at
borderless global competitive of the times.

0 Society and culture aspect

- The textile machinery industry is very important industries and key industries
for taking-off world best one fabric export country.

- Technology of design and production of double winder for synthetic yarn of 6
yarn doubling contribute to complete Milan Project as contraction of fabric
production process, the retrenchment of shipping costs, high class product.

- Can be applied sports leisure(fishing goods, boats), metal and chemical
material(precision casting), electrical-electronics, mechanical energy, fabric
(nano-fabric, soundproofing, protection against heat fabric), package, printing

industries, ...

II. Details and Scope of Research and Development

The recently, fabric trade is required improvement of structure of our company and
construction of manufacturing process of fabric distinction. This is the problem which
confronts us as change extension high-valued technology aspect and structure of
industrial of intensive technology.

This research is proposed scope of research of to analysis performance the advance
model for independent of technology from development technology of design and
production of double winder for synthetic yarn of 6 yarn doubling. Based on this, we
have established localization model of spindle unit with twisting and winding
movement and traverse system with electro-controlled.

The required key technology is analysis of yarn behavior as yarn layer supply and
tension/ballooning of take-up package, structure analysis of shaped conical and bolster
with high-speed and large capacity, design optimization technique, design automation
technology of key parts for exact position control of feeding yarn(traverse cam, spur
gear, tension spring), precision machining technology, evaluation technology and
production technology.

So, this research has done follows for its function efficiency and more high-speed
and more high-capacity of 6 yarn doubling winder.

o Establishment of basic technology of double winding system and model design
- Establishment of a concept of double winding
- Analysis of yarn guide (arrangement, shape, material - )
- Founding of data for making CAD of System design



o Development of high-speed, large-capacity double winder design and production
technology
- Design and production technology of Spindle unit
- Design of doubling system with Twisting and Winding spindle
- Design and arrangement of yarn guide
* Design and dynamic analysis of spindle unit(Bolster/Conical type)
- Development software of traverse control unit
- Design optimization and product technology of Key part
- Design optimization of element parts
(Blade, Spur gear, Traverse cam, Tension spring)
- High precision grinding technology(Blade, Yarn guide)
- Research of yarn feeding
- Analysis of bobbin (Stress, Tension, Hardness)
- Pirn shape, Traverse speed, Spindle speed
o Estimation performance technology
- Making test spec.
- Estimation of yarn and textile character
o Design and production technology of Spindle running tester
0 Design and production technology of Balancing unit

IV. Results of Research and Development

This research have done an assignment during two years the main research result

of as follows.

- Design and production of double winder for synthetic yarn of 6 yarmn doubling
making high-speed and can be an advanced high-value synthetic yarn and
controlled servo as 2-times twisting by twisting spindle 1-rotation and
introduction of creel feeding system with traveler and ring mechanism and
doubling mechanism form winding spindle.

- Development and production of making large package and Ne-D magnetic
stabilization mechanism, Cr plating rotary disk and high-lubrication yarn guide
and Spindle unit Conical and Bolster shaped yarn guide arrangement

- Design of production of spining running tester and balancing unit for yarn
trouble shooting of fuzze ball, broken pick and Making large-capacity
stabilization of high-speed running to tensor influence, settlement of a theory of
yarn character analysis with tension and ballooning analysis

- Introduction traverse system with servo control and cylindrical cross-cam be able

to winding up to 40 to 50-380 m/min stroke



- Development computer program and independent design technology for making
high-speed and large capacity of double mechanism
- Design program of spring for tension control
- Analysis and design program of spur gear
- Analysis and design program of traverse cam
- Patent(practical new device) application
+ Rotor used correction of rotational balance of spindle for textile machinery
(Practical new device, Application number : 20-2002-18696)
+ Belt tension roller for textile machinery
(Practical new device, Application number : 20-2002-18844)
+ Twisting unit for conjugated yarn(Patent, Application number : 10-2002-34506)

V. Application Plan of the Results of Research and Development

As the above research result, we build up development of technology of design and
production of 600rpm double winder for synthetic yarn of 6 yarn doubling satisfy
high-speed and large-capacity of double winder. Especially, performance of production
as prototype at the participation company, Che-Sun Precision Industry and yarn
manufactured condition is at the help of experiments. But It is satisfied research aim.
Especially, developed production is corrected and supplied For more and more
settlement completed production. In the addition, nation support this company for
settlement technology. And, as secure design capacity contribute intelligence total
textile system and high-performance twister, Covering machine, preparation textile

machinery and shuttles loom with cam mechanism system.
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Twisting Twist ring travellar| Twist ring travellar| Twist ring travellar
device 20-600TPM 50-600TPM 30-600TPM
Flange bobbin, Flange bobbin, .
Take-up Flange bobbin
Biconical Biconical
Traverse Servo motorel] 2|38t | Servo motoro 2}3h A
device Ball screw system Ball screw system ”
No .of spindle | Max. 120 Spindle Max. 120 Spindle Max, 120 Spindle
Driving motor | 4P. 5HP 4P, bHP 4P 7.5HP
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49 Lot ZALAL ol FRakdolxt HEAA £ A
% F2] oIk olof o] i FHTIANGL AAAAT B4 Y 7]
ShobE B4, AE IFY 4 At J1& 2Y3 ¥ U IAZAHL AL AE
& BASL A Rl whRel Fub ARYAY L7 chesta o, 2% 4%
AAL A% +UBol AEShL UTHE 2 BF). BT F2o| A4 s 4Ty
& e Eshn odrk wid o] 3 2 W E Telsa] A7 ERolgle
U, 1990 o] Sojsh ATAold: Baet Arloh ARSI Ay BAT T

S, AHAZ U ArPEZE B ANE g4eE TR HRel 509 it
of thulsty] fls) WA 7ot AHAEN 7Y 2HE3, FUASH BAFY FAut
&, CAD, CAM Bl ON-line Aitte] 5ol 714 FYste ey TUAF A&l of
a7t FAH oy, HATAGANNE olo] thgEA] Rl k% Wy
ater-jet 27|} A A Fu|7] 2] Aatent AFE gt J2E AEFZHY 253l
AR At Air-jet F7], AAEY] @ AL AL B} fPAden ¥
H HA3oR g sAE Zoln F I&HATE it 2ste] Wyt o us
o] HA71A SAZEY Bpst A3 AFolr).

Table. 2 ZFe] 7|&4F vl

o AT 22 e | oo

g - 71&H (Allna, 51 U & &A=}
o Doubling system”d 7 100 60 -40
o Spindle unit dA/=}2t 100 60 -40
o ServoA|©] Traverse system’d 7 100 70 -30
O Take-up?| cth-£&&3} 7]<&(3kg) 100 80 -20
O Yarn speed®] T<43} 7]<4(600m/min) 100 60 -40
© Yarn stopping system 100 90 -10

3. Rraw

Double winder THIZM 2] 71534 ®ut ohje}, 23 1oj4e} o] AAEw| U =
434 BAZN BYA2EP} o Fold Ax THE T SUYNFHE A77} A
93 oith TS aRael Fg, 3 15ee A, AEEA Il B
AR El st $RoM EAAA AMBAl tish BYBA} ol FolY 4 Ytk
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AR RIS GOJEIHI0|~
HAILIONR CHOJEIBHO| A

HI2F 32Y 2] WHK]
AL T 2R
JEARAA BAR|

E: 2 TR AKX
A
=T ’-I

MR FZ i
Yarn Prepration

RiX ZZRA TR2|AISE AL
[ 24 z=usnaunss =g |

T M ALY

2ol aAVESE Al2E
[ noim s2n= aeunss Aoy |
SN EEAAT KISH ALY

LBV IVER:

«

Realtime Measuccment & Control '
A=Y SAE 0B19UH ! OfZ24A014 2/EIMI01 OISR [

Fig. 1 A5¥ T8 A2

A 2 A d7F3e] f1H

ZF 2 = ARoAIGA oA ABAstsl @)= Double winder:= Yarn feedingA] Tension
2} Balloning?] &2 42} Spindle unitd] A &423 U Bzl 0 R Double winder?]
Hysts B8 2&5AA otF s} Bt gdrE ARy Esssiddc. a8u
2 AF2] A} Supply?} Take-up package?] Tension/Ballooningz} A} o) wjE
Yarn ASsiH o2 Ao AFPF Az HH A% ¢ Z&5/ol-§%Y Yarn doublingS
FEY = de AAREE Ui, FUstErlEe, Bile 2 AFAVIE § HAFHEE o
Fo] Doubling?] T &L AAIZItl. Double winder?] Ad%x8kalo g Xz Spindle 13]
Aol 2%]2] Twistingo] A E= Twisting spindle?} Traveller$} Ring F%2} Winding
spindled]] 2314y Doubling®:= FR2} Creel feeding system?] 28202 &3} B3
AL F- 3337 JbsstA stelsl, &2l Servo Aol Traverse unit®] 283} 2z} ]2
ElectronicsBZ F@4E 7I3tA =lo o]Zo] A2 En|7|e] 253} 2 xFAFe] FASt
o] A¥EE wol Ao vz Ayt Jhsste] B o323 oA xnAE
Sty 4 o AHAEN 7Y JME/EARAEE L FEY £ S JoF AMRHL
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AN 3 & AL

el
=

=
=)

fui
It
[

A1 F=2 L AS 2

o

1. 7%

27l 2= Double winderollA] Yarnof §elo] Zpsixl= B&HE UERH ZH2E A Creel
oAl SjA x| F Yarn Spring tension AHJZx|e} AR AHX|E T3t Guide roller
F AxA "t} Guide roller& AH Yarng 3t e s E o] Tension Ho] EA e
Devery deviceo] &34l HUtlh 2 ¥ Vinding spindle?] 3}EE E3}3le] Twisting
spindle®] Rotary disk® Feeding® Yarn< Traveller®} Ring?] £%5 02 Flolo] A
o] 2] Packageo] Z17]A =& Zlolth

bELI ERY DEVICE

TWISTING SPINDLE —

TRAVERSE - A

oo WINDING SPINDLE

" ——BELT - \ Balloon limit gquide
g

Top yuide —— — Yarn ballosnning

Traverse bar

‘ i —— Outsi t
YARN BALLOON Traverse guide utside po

Inside pot
Bobbin

TRAVELLAR — Twisted yarn

WINDING PACKAGE
L Eyelet guide

. . e Magnet
Thread d N i mgrts
reading guide - i —~———_ Rotary disc
Blade '

‘ﬁ- Belt

: / b Spindte rail
\:/ Twisting whuweh%%_g

winoinG R~ Il

WINDING $PINDLE

Fig. 2 Double winder®} Spindle unit(&e|3, AHH)
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2. A

35 The] A}
Application yarn - Polyester, Filament, Industrial yarn
Supply package feeding - 6 Creel/1Spindle system
Yarn stopper - Fiber sensor

Spring tensor, Godet roller(Urethane

Tension device -
roller, ZAZCr 3 Roller)

Godet roller speed m/min | 600
Doubling range ply Max. 6
Yarn speed m/min | Max. 500
Speed rpm Max. 15, 000
Spindle unit Number |spindle | #8]8 24spindle, UX|¥ 24spindle
Gauge mm 225
Driving - Endless tangential belt
Type - Flange, Top taper

Take-up package
PP g Package kg 3

2328 : Spindle unit(1/1)

Twisting Type Q8 : Spindle unit(1/2)
Range TPM | 50~500(2]3 ). 50~2000( LAI%)

Traverse unit Driving - Servo motoro}] 2J3t Ball screw system
Stroke mm 50-380

Ring diameter mm 127

Winding diameter mm 110

Delivery speed m/min | 600

Driving motor - 5HP

A 2 A Supply package 3}

1. Supply package tenson

Supply packaget= B2 Yarng E I 3}3 A Fst= dubAel whdo|u}, Packaged] LfF-
Aol thgt Textile property?] 93 5 A3t AL dAdog FAZH2} AAZTH
oA Supply package?] \}§-¢4¥ &2 H5Holr}.

Package tension® ZA3}7] 9|3l Linear elasticity o] ANL-En Young's
modules(E) 2} Poisson’s ratio( g)ol] 2]30A ZAAE 2T Packages Compact3t Ua8-7]
E 7133t Relative radial tension ¢,(7)/g2} Relative tangential tension

0.(7/g5 o183l 2712 Main valueE AHAtstd

- 19 -



2 2 2

q - 2 A2+ 7’2
o' (n) _ 7' A% A4 4 3.2)
a =1+ 2 7?2 erer r? ©
7| A?= yzﬁ 7, % Package?] Az} 917

Al (3.1)0ll- Packageoll:= 3}A} Pressure forceZ} EA3IBE (—)3S 7HA =,
Tangential force?] 73 $X% Tensile force’} 3}4} Exzj3ic}.

BESE71Y ABZAZ AR olEgtel AolslRE  AnisotropicE UEhfe
Factor(K)& o]-&3}o] A5l on

K=\ E,JE, (3.3)

E, : Tangential 3¥2] Young‘s modulus

E , : Radial ®&¥2] Young’s modulus

A¥ol 2]t Afr] Radial tension?} Pattern?] 7|, Anisotronic packageol] tis}ed
Al (3.3) .25 e AAH Pattern?} W] 28} Package internal tensiong $=A3}gdct.

=~

(3.4)

o,(7») . 72K+A f

dr
q K+1 2K A 2

meby A (3.2)e] o3 APA2} o]EAlE w3t  VWinding package?]
Processibility propertyo]] ¢33F& u]x]= Relative tangentialZ} Level & AAts}7] ¢
gt Anisotronic factor(K)E ZA3}P 21, Relative tangential tension WAL Al

(3.5)2} Zrl.

K
G't(f)z 7’ ‘“AzKJ‘

q 1 K+l 3 dr (3.5)

7’2K+A

1% 32 Cyinderical package &2} Radial 3FofjA Radiad?} Tangential tension
< UEePd Zloltt. Radial tension?] Z7}7} Package 7oA 052 E]Tube ZHollA] Z )
7} |3, ¥IthE Tangential tension2 Tube EH O ZTXRE] AdAZLTZIMNE (—)E HE
A& HofFErt wlebM Caulifower effect@ti ¥-Z = Thread layer?] Bulgingo] Zzjjg}
Tl 2& 4 4+ 93, o]d HAL Package buildo|A &£F:]e] Helo] EHn E7x3!
F2F 712 Package?] Negative 3382 Winding H Yarn] A& Xjo]E slA 2t}



& 90
pr 4 O
0'7, 86 ~— 3
yiui e
L/ 10~
{}! 4
{ 0
50
/7
ey 60
P Ny
30
10 8 6 4 2 o 2 4 6 8 10

o (MPa) % (MPa)

Fig. 3 Cylinderical packageoll*] Radial/Tangential tension

2. Package?] Hardness testing
3% VWeft insertion systemor= A2t ZiE  9]3}o] Packageol thHZt Yarn

winding?] Z7}=2 Package?] tJ3 3= @ 351A =t 232X Bobbinol thdt 487}
ZAE] 31 Package W4-2] Tension ¥13-:= Internal pressure patternz} HSA3lo] )
Package diameterE ZA S22 E Bobbin7-R &} Package?] Hardnesst= Th32] Parameterof]
FFS =t

- Package windingX] Yarn tension

- Yarn count
Yarn®] upEA4
Relaxationol] W& Yarn +=%

Pressure level?} Winding arm®] Braking

Fig. 4 Distribution of the measuring point
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a3 4off EXH ZAH9X|ollA Rotor yarn package?] HardnessZ& ZA3}ge
Packageol] th&} Parameteri= Fiber metale] 100% Cottono]3l Fineo] 29.8texgdti. &A
A2t= 3% 524 Bobbin Fuidko] x]7t2] §4-F Radial pressure?] Patterng L}ERY
2Tl YarnS A A F A& 253do]] FHrf Relaxationo], 1 ¥ 17§ 59t Package UlF-
2] Radial pressure= ¢HA3}x| o}

a: production day ,
b: after two days |

—=—a c:after 15 days |
b d: after one months |
4G e: after two months

—v—d 7

e

T T T v T ¥ ¥ T T T T T

1 2 3 4 ] (] 7

Fig. 5 Radial tension in rotor yarn package

3. Supply package 7|2} Pirn®] Winding tension

WindingX] Supply packageZ7]2} Tension, Double winder?] Tension#x|2] 7|%5S 4
B3l7] fste] AEsi stdem, Agol XF&F Yarnd 76D/36F PolyesterAlS AMg-3}
o 8,500rpne] =24 W2istgrt. oluje] A M3l Digital tension meter(SIMPO,
d2)E AH&ste] 3ol #3319 2 Supply packageZ7le] thgt E2}:= Full, Half,
Finish®] 37}x124 57§2] Pirnol th3}ld Yarn tensionS ZAstict 3t 22 71A0]
Al Spindleof thaliNE ZZ WHoT ZAFslgch. ZHZ2} Pirn winding?] AL
Supply package=Z7] M3} & 2teh= AL ¢lgemn, Supply package?] ol thgt Wiz}
¥ 37} Zo] Full, Half, Finishol mje} BFoja] oF 2.5g8] Zr}ste Aol lair).

Table. 3 Supply Package Effect and Tension of Pirn Winding

Cheese No. T HIx] F7]olAd2] B (gf) _
Full Half Finish

1 33 34 36

2 32 33 34

3 31 33 3

4 33 34 35

5 32 32 3




Pirn windingolA}2] Z} Spindleo] th3} Tensiond] ZFA ZAz:= 13 6o Azstgdrch
Z71o] F-ofH Tension®, 2Fet Zt7te] Spindle Thdgt Tension?] WHWEE UEh]
3 gth o] A Supply package?] 7] W3le] HQECIE Tenson X2 d5 & 714
2] Hl3gof 7]elsle ZoZ AzbHCH

£
6)

o

A
A\ /\

\ _/
v \ /
V

an

N W W B
o D

N
o

Pirn winding tension{g)

- .a
(RN
4

1t 2 3 4 858 6 7 8 9 10
Spindle number

Fig. 6 Spindle tension of pirn winding

w}2}A Pirn winding A& oA Supply package 3712} TensionAtx]|2] o3k E.A5}7]
23t Tension®Fx|of] 30gf2] AL FU3IA MHAS} Full cheese®} Half cheesed]
thste] Z}z} 2 Spindleo] thsie] 5 de] ZA9of izt ZHILS = 60 Fel3tgrt

Table. 6. Supply package 7|2} Tension®tx]2] o3}

Winding tension (gf)
Full Cheese Half Cheese
Spindle No.1 Spindle No. 2 Spindle No.1 Spindle No. 2
29 34 29 34
30 35 30 35
29 34 30 35
27 32 28 33
31 36 31 36




X 62] ZAzlollA Supply package 27]o] BAglo] Spindle No. 1X.r} Spindle No. 27}
oF 5g FHol o WA Uelydch o] Ternsion X7} 713 2 H&¢E F+= FolB
2 Tension FXJof tigt 2 Fwszlrl @ FHc)

4. Yarn® =243} Winding tension

T TS Eol7] Sl &3, Al&EU 5= AF oA Multifilament
polyester& o] ALR-E 3 9l om, Pirn windingA]?®] Spindlecl|A]2] Tension ¥H3}= 7
A Alare] oste] A== AAolch weElA Winding F2) AAAZE W WindingA] &
Yarn HE/4¥ 3= TensionAojo] F o3 AL 332 22On Winding parameters=
Polyester 76D/36FZ A 5,800rpm?] Ttd &= E Tension WHEHE 26gollA] 65g71#] 10g %t
#12] avtAlo] vhsled Winding¥t Yarn 1, 2, 4, 6X]7k8 = A3t Fof Yarno] th3t ¥
%, Crimp rigiolity, Single thread?®] Z}%, Yarn Agr]g] A& 5& ZApslgc}h
zb 2] AR Zbo| tst]-orl Yarn Zo| om?] Al FAZEAM Yarne] WH4E ZAAstgon 13

70 ¥zt H4=(Denior)d] BAE AHeldtadct. AZA o] BAGlol Tensiono] F713}
T Deniere n]"ﬂ?’]’ﬂ] Ha AR o] 44| 7to] AStE 3 o] MA| 72} ClE HEE 3}
= A& 4 4 rh

-8— 1 Hr. Time Lag.

3 K | ]
L‘\\l —a—-2 Hr. Time Lag.
82 i —— 4 Hr. Time Lag.g

" m\ —— B Hr. Time Lag.
78 \\\\s

N
4

25 » 45 55 65
Pim winding tension(a)

Fig. 7 Tension and denier of pirn winding

Crimp rigidity2 +5& A @72 F533tg2om Tension?] F7lo] ulel $58o] 7
&3t glen, Tensiono] 35gollA 55g xlol= FASIA $5&0] Yol Tensiono]
35g ZABIAY M| Zho] 24 7S Z}SHH Tensiond Yarn?] ZEo] @S o38kS n]
Attt 33 82 Crimp rigidity?} Tension?] FAL HojHEr},

_24..



2% 9= Tension?} Single thread®] StrengthE
Tensionol] FAQle] ZEE Holx|3 lom A 45go]A] 55g7}2] =7
3 55g o] dd Afol= AFAzte] thsiA e dic)e] HA3E Roj

Crimp rigidity(percent)

4.8

4.6

4.4

4.2

38

—— 1 Hr. Time Lag.
—a—2 Hr. Time Lag.
—4 Hr, Time Lag.
—— B Hr. Time Lag.

Pirn winding tension(g)

Fig. 8. Tension and crimp rigidity

Liepd A

Tl EZE 6A1 7 o] A Ao A= Tensiono] HESIYeIE FET W&

gto] .

Single thread strength(G)

2 8 88 8 8 & 3

LI

=

A}
o

—=— 1 Hr. Time Lag.
——2 Hr. Time Lag.
—=—4 Hr. Time Lag.
—&— 6 Hr. Time Lag.

N p—
—

P 35 45

Pim winding tension(g)

Fig. 9 Tension and single thread?] Strength
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33 102 Yarn HehRRol|e] A&7} Tension#e] #AE UHehle ZI2E, Tension
of S7ILFFH Algo] Holx|aL 55g& ZIISHH FA3] HolxHA A&A| ko] F2n]
g A& & 4= rl. @l TensionS 35g oV ZE F2|3H= Zlo] £21 Pirn winding
gt Cheese?] AZA|ZH2 4X|7HE dx] ¢33 ulE Weaving processo] A}g3he Zo] &

=

24

22 E\

16 —=— 1 Hr. Time Lag. A
—— 2 Hr, Time Lag.
14 —=—4 Hr. Time Lag.

Elongation at break{precent)
®

—&— B Hr. Time Lag.

]2 L ] 1 1
2% 35 45 13'9) 65

Pim winding tension{(g)

Fig. 10 Tension and elongation

Al 3 A Spindle unite] AA 2L A

1. Yarn guide

7t 8]

ICBT(France)®] Twisting spindle.‘l] A S HAUste] 18 1172} Zo] 24318} A4
o] £& Twisting varng& ZBAHsl7]of APt LEZ Yarn guided] wiXIE AdAstAc
Spindle $3& &3}3l= Yarnol vHe] F&53E YRI5 9] 3377 (410mm) 2T}
AL F3E& 71 Guide(¢8mm)E AUst= FZE Slo] Y O2F Yarno] Spindle ¥
ote] npidel oJa] WA= Fuzz ball, Broken pick 5¢] AR BFx|5L3 Yarn Qhj2]
HdF4E 1Y 5 drh

L. AdA

13 12%& Yarn S0l UutRAgo] 948 Yarn guideE A5 ¢35l AAAE
el ICBT®] Two-for twister*oﬂ AHEE Yarn guideE X-ray I ABAIS A3 B
ZAz} ICBT+ SiCdo] B2 Silicon nitride ceramic(SiNy )2 FAEo] gt} 22 13
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< Yarn guide A5 EHS HF FulZ Ao, Z=E FA T A3} 1000Hy,
FEHAAIIANH A= 0.746pm(Ra)oltt. webr] & 71 Double winder?] Twisting
spindle Silicon nitride ceramic2® 13! 92} 713! 1004 UEl ul2} Zo] Ax=
1700Hv, W A&7 2v)ZtE 0.70m(Ra) o|3lE 3ty AA st

Tensor top guide
Tension weight
Tension weight base
Tensor joint guide
Tensor ball cup guide

Supply package

Pot nozzle guide

Rotary disk

LN T AW

Threading guide
10. Spindle eyelet guide
11. Spindle

Fig. 11 Yarn guide?] Bvjx]

*** RESULTS OF SEARCH MATCH »+»

Sample Name : GREY 1 Fille name : GRY100
J8K

CPS

ABK -

" Lod )

20.00 25.00 30.00 35.00 40.00 45.00 §0.00 55.00 60.00 65.00 70.00 75.00 80.00

L

90259 SI3N4

I Lo !uhl
1 RN Y

341382 SI02

|..|!x. R

Fig. 12 x-4 dEAN A3
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Fig. 13 Yarnz}2] A X SEM AFR( X 500)

1800
1600 ———w— *"’"“\
1400 \
1200
1000 * 3$<——‘ —-—iCBT i

800 - 7S

600

400

200

O ! X 1
Top guide Ball Blade Disk
tensor insert threading
guide guide guide

Fig. 14 The result of micro vickers hardness test(lkg)

BICBT

Top
guide

BEE

"Bal  Blade Disk

tensor insert  threading
guide guide guide

Fig. 15 The result of roughness test
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2. Traverse & Magnet

Double winderojA] CreelolA] 3jA}E]d Rl Feeding yarno] TAXAA S AX|A =HH
23 162 o] 9EF/2 AEPAEL Traverse 5ol ZAF At 2B 453 3%
Al AR £ SHY F 9l Traverse $F5 S HFH O T Ne-D & A|-&3tdrt

12.5

Traverse motion

e

Fig. 16 Traverse 7% Magnet

7. @72
(1) Nd-Fe-BA|

=

F 7R ARSEAL e GFA FolA Aol MR 43 AEE Sw-CoAl
Molgdor}, Sm @ Cof] HxIE JHFo] nf9ea HFo| A3l Hrizom o]
Nd 42} 7tAo] A @3t Fed 7|20 %3t Nd-Fe-BAl o] AH&E3 . o] &
Sm-CoAl 3ol B3} vl A lo|dME 27|18 EAHL Sn-CoAl Hrl $431cl.

s

ot of
d -z <y
flo rt 2L

(2) NdsFesBe] X
Nd-Fe-BH| Q2o M= NdFe BE4:7t 313tEo] 27138 A& uepdcia adeA9l
€tl, ©l NdFei 832l =Mzt AZ 7z} FH3t 3131fEH]= AZol Neutron pover
diffraction analysisoll 2|3 FB=Eojzon, tiZol wdA X-raydFollx HAA
th o] FE5IYEL Erd} Ybo] o2 FH el P45 A7 - e IER 44
Zt= a=0.882nm, c=1.224nm2] AutELRoln Z7HEE P4/2mmolT}. NdoFe, B8]
AR7RE e HUY VAR 687 Wz TSl You], of wARE 474
unit, & 8782} Nd, 567§2] Fe Wl 47]2] BE X33y AAINALZ 6712 tlE Fexlg]
et 2709 B ERF daxtz] @ 1709 BYXE Ztrh 223 RE Nd#t BE Z=02} 2=0.5
Aol 2]X]3l5L Fetdzh= 567] Fol 47frto] opHo Ex5hy, o]& xlo]of T}E Fed=}

¢

N

e 1
=
2=



5ol 7Iol &0l 37438 netE FA451A] Hrth 3G e $3 JEY AA ¥
2 RAL NdoFeBHTl Nd#t B7F 22 ©§ & Hyperstoichiometry® 3lo] HZA4A &
Qte] WbAst= At} PAWEAMFOR RAHIEE nlMRI e Uehts AE2 Fold
2718 54E& vehiis BUAE ] NdFe B2t dAo] Nd-richdo]l FAEEHA A 3
¥l B-richi}t W AtEE3} 22 AxfEo] ExjstA Hcth YA BAEHE Nd-richy
NdFeiB7} S8 F HAEE 402 Nd--FeAlol 4 Nd:Fe=28:72¢1 H|&E 640TollA|
Bukgol dojut=ul, Nd-richgo] of o] J7l9-2E &§Ho] Yo} A4 A4t
A& 7538l ol & W2 99%7ix] 44 A Hrcl

o
T
3
A

(3)NdzFesBS 2713 44

ANt o0 F R-(Co,Fe)AR o]Folz Z1HT} R-Fe-BAZ o|Fold Bj}Eo] 27| ol
3 oUAITL BFs] 2BRE G724 AEE vl {Ege], 2 FollA NdFeuBi= 397
2] Magnetic phase® £2 dAFAIIEZ olWEE EH{FTh Aoy
Magnetocrystalline anisotropy, Shape anisotropy % Strain anisotropy® wREH<=
t],Shape  anisotropyE Zt= A&y xdiEeE= @] Nd-Fe-BIFIES
Magnetocrystalline anisotropyE& UERAT} o] Magnetocrystalline anisotropy= &
o 2% S0z BN AFWLLD Ay} MYz Yojih: RES wahe,

ojuf o] EnergyE Z}7]o|¥’d Energyel 3}o]
E. = Kisin@ + Kesin'@

2 HFAFHILE E.= AEEolFHoTHE gutE A3} VectorS vi-&d] ¥ ey
A} Energy(erg/ai)& 2u|qiTt. NdFeBRgtEe] A9 FAYATRY F5E =2}3hgo]
FO2 3t SagawaZol 23] UEH uvlo] w=m Ao AR outyg Al K
< 4.5MJ/m, K= 0.66MI/m o|T}

. A R

2 = A} oF 5 )
2} A NEOMAX ol 2 Sumitomor} H|E
B4, iHc 11. 1KOe
ZRASAU S, Br 12.5KG

249 ol Y 2] ¥, (BH)max 36MG+0e

=x 719 F2& Mr 1.05
Curie <% 312¢C
Bre e A4 -0.126%/C
A 7.4 g/cf




3. Spindle unit®] FLZ3[M
7}. Twisting spindle unit
(1) 5%t Q2.4 Modelling
Twisting spindle unit2] siAlo] t}
Modellingdl:l, §%tQA

3 oFsto] rhgt AE =&3H7] 9lsld 3xd o=
Mdedof] Qlo] A= ANSYS Solid45 3-D ElementE A}g-3}gict
(28] 17). 849 542 88 Q424 33 F7de] 8709 AAFol shute] a4
g o|&r} EFl o] @4 7} AAAN X, YV, Z & gk HALES 93 3719 =}
|EE 7Ht}

o
>

il

Element Coordinate
System (shown for
KEYOPT(4)=1)

z

X

Fig. 17 ANSYS 3D Structural solid

ANSYS Solid452] @AE A183}ed Modellingdt Az}= 23 187 B3 X% meshol] 2]
3} 783H Node®} Element®] 4= X 7of FEAE o] glch. AR-H 2§--2 27}x] =2 o)
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Fig. 18 Twisting spindle unit®} F.E. Model
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Fig. 38 Stress(16, 000rpm)

_41_



ANSYS 5.6.2
APR 19 2001

123 [#34)
RSTS=11
Powcnoraphica
EFACET=1
AVRES=pat

DPEX =.243Z-0%
SN
anx

W oor0s

«109E-04
+127E-C4
+145E-0%
.163E-0%

ea
=
£
[}
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Fig. 60 Radial direction displacement(10, 000rpm)
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Fig. 61 Longitudinal direction displacement(10, 000rpm)
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Fig. 62 Stress(12,000rpm)
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Fig. 65 Stress(14, 000rpm)
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Fig. 67 Longitudinal direction displacement(14, 000rpm)
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Fig. 68 Stress(16,000rpm)
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Fig. 69 Radial direction displacement(16, 000rpm)
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Fig. 70 Longitudinal direction displacement(16, 000rpm)
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Fig. 71 Stress(18, 000rpm)

i ANSYS 5.6.2
APR 20 2001
13:21:%2
NODAL SOLUTION
STEP=6

3UB =1

ux 1A96)

PowerGraphics
EFACET=1
AVRES=Bat
DX =.153E-05
SNX =,122E-05
[+
g -136E-06
.272E-06
.408E-06
544806
. 680E-06
.B16E-06
.952E-06
+109E-05
.122E-05

Fig. 72 Radial direction displacement(18, 000rpm)
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Fig. 73 Longitudinal direction displacement(18, 000rpm)
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Fig. 74 Stress(20,000rpm)
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Fig. 75 Radial direction displacement(20, 000rpm)
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Fig. 76 Longitudinal direction displacement(20, 000rpm)
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Spindle unit(Twisting, Winding)?] 1< 3 AA] AAME 504 A5 EF
ol e M-S Fysldrt. T HAFS 31 Ao dojAE AA &
A7t AT d9u i AstA AFEHE F9E 9 o, #EY
213 Ao AdojM= Hrh 20,000rpeof N E 383 o] WX QdoBT kA

2o mickHct g3z 8,000rpmoll A 20, 000rpn7x] = A2 @A oz 2] 2
dgol HESIEZ 20, 000rpmol doA N E oFo] sHesith. HPFE le-Zmo|EE
Zeg wheiHchH

[w}

A

[+

ks
bt

4. Balancing unit®] A 2 A=t

Spindle unitolA] Supply packageZHE ZIZFH Yarnd Spindlet]E-E %35} Rotary
disk®] Threading guideE® A =52 ox HU2]Hr} Rotary disk:e HFEyoT APzt
d F AU 5‘}‘3& C}E Process workingol] H|3}o] wto]dt ztedulyoln, AFEHE
+ 25%km/he] 1&F|HMolBZ TwistingA] Ballooning®] EH#3 3 Yarn cutting 52
Twistingd 3 & %E’_}i} 71 2de2 =z AZAF Dynamic balance?] §X|7 H4Rojr} E
w0l FAA A U= AL A2 JA Fx B g2 FEY uFxlo] o3|
wAggct. ole A2 ""7*"“'01 7174]—4 252 o] Eil BearingS Z7] nf2e} T2
2] fdelo] Hm A JF4L£SE UAAZTL Rotoro]l Az|E Unbalance?] ¥l A7}
FA&To) vl sl ZUlHE 4& B & ZAlo A 25mmo]l 12g2] Unbalancel: 3]d4
7t 100rpm2] 7% ¢} 4.2go] AUz] koLt 5000rpme] 7ZA-$-= °F 20kg(5, 000uh)olch. w
aw Unbalance?] RAWHols 24 AL A7l BP0 B3 F3h
71 ¥43 2] UnbalanceS 93 3] 2| A3}o]o} i}



Table. 15 Balancing unit®] Specification.

¥ = ksl A% H] 5L
Rotor weight g 50 ~ 5,000
Max. swing diameter mm $250
Journal diameter mm #5 ~ ¢20
Distance between support| mm Max. 395
Balancing speed rpm | 1,000 ~3, 000
Driving motor kw 0. 2kw Servo motor
Max. sensitivity [m 0.5

Rotor driving device

Belt drive system

Suspension

Hard bearing

Signal processing unit

Computerized measuring

Unbalance transducer - Sensor

Display - VGA monitore]] 2]3} Digital display

Control Panel - Computer system

Calibration Position - 2point(LH, RH F-X]|ZZ&u9lal)
 A%AY | A&7 ]

( Main powerZg
4
System Power2-+ Set up screen
1 4
m H
Computer U Monitor Part 1DA] 7
AU gF
$ y
AC Servo motor ¥] X]¥E A 2 Unbalance
A933 %o WL Data U
4 4
Set up Screen Calibration 43 Alx]
] §
% Part ID 914 41 ! Data save
X J
Run i Run é

(Balancing unit®] Flow-chart)
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Fig., 77 Balancing unit

A 42 JHFF LA

1. Tension spring

Yarn speed?] Z7}X] Accelerationo]] 2}3] Yarn tension forceZt Z7}517] uljo
Retardation?} ##H HANS 213} Tensioner?] setting’do] 33l of gt} o|AL
Yarn straing F7FXZ12E Yarn®] Frictional propertydl] QoA HAOT o3t
H3lo e ALY 4 o= 9 Tension2 A&EsiA 71535HA 3= Zx]el Tensionerd&
HASHA 2¥3te] A1g3hA sjAY 4 QUrh

Tensioner?] FH|ZRAL v}z gom, 1l 788 2 714 Double winderoflA] A}&-5}
= Spring tensionero|t},

- Setting®] zjg/do] JIstoio} il

- Twist impact &-2 Filament breakageSol] 2|3} Yarnol] £A+S Fx|¢tolo} 3irl,

- Dynamic loading& E¥3t om3t ZAXNE A Z3}A FEE oo} il

@2 Fuo M= Yarn tensiondojoll Al HEFQl Spring2 FHA Aol BYA
Ato]] 2]&3}al 9lo], Yarn 771 Aol 8} TensionAoj2] 31 AW 3}e] Tension spring

T
Y o] AEsta gk AAoltt,



Fig. 78 Tension spring

7}. Spring?] AAolE
(1) Spring?] zj&

RE JIALAEZ npIIAE A f4% A o3 EEA G U2 IFE U
rh ol F AHeld AAYE A 1 ;J 4 o] Wire?] 2 7o 23 A= ¥
FaFS wA Hch o3 Wired] AAFS AA3E= o] HlZ o] Hcrh e 2
3] Ah8 7Hegt Wire] 7] M7t A=, & 160] HAF SAEFH o 7 ¢t
ol Wire AES 78 4 UA "l 2HEZ SpringS AASt=H 7MY F4¢ FE&
HIZ o] jA-& ARt th SAEojA &= xfAo] wE E4AE AFslL gley, 3
=3t Wired] x| gol A" ARl 3tsiA Programe] A-&3tct AHSH A2E Tl
=3 Zrch

(D Hard drawn carbon steel spring wire CL1
@ Hard drawn carbon steel spring wire CL2
@ Hard drawn carbon steel valve spring wire
@ Special quality hard drawn steel wire

® Music wire

® 0il tempered carbon steel spring wire CL1
@ 0il tempered carbon steel spring wire CL2
0i]l tempered steel valve spring wire

@ Chromium vanadium valve spring wire

@9 Chromium silicon steel spring wire

@ Hard drawn stainless steel wire (18-8)

@2 Hard drawn stainless steel wire (17-7PH)
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(2) Spring Zl&o] oigt 71&

Springo] 31F-& ol WYL Y2IA HiE ZFfole tiE 7iALALe} npEIRZ U
Aot Sol sl 3kE9] JIE S ZIXA Hrh AstFol &3t qEvEDL 2 lFo
3t MEIESE & ¢ vk WA, FHukEe gt JELE FEREE & F I

dl, olZ2 25} &xof whel detich ¢&3 AF A=of vi IFFH L HlE
ol o Axtgo] th3t Folm2 ARESH( S, )E AHE3HA =HH 4 (4.1)2
Compression?} Tension springofl A! (4.2): F3¥ 288 W= Torson springol AREH

t}.
a) Ssy = 0.45 Sut ]
S

b) = 0.50 S, i (4.1)

c) Sy = 0.35 S,.
a S, = 0.78 S,
S

2

b) , = 0.87 S, } (4.2)

o S, = 0.61 S,

I:I-:L;tal

e

gha7t3)

s
l‘lI‘

A (4.2)8 A (4.3)0l4 @) FAY EkaT, HE A3 = U©F
A HFZ, ot suset ulEY Il skl A7l ABAMAE ol O, @, 0O,
@ bl ® 6 @ ® @ O 2L )= @ @7 Z2 Lt

T2t tisi e HA] B3t dx] fate ‘1’17‘]7} AR5 oo} gt Fgh4grge]
Broles WPRE( S, )7 #&gdol Hiu, ozl fEo| wlel Compressionz}
Tension spring®] Z-% 2} (4.4)°] X3 Torson spring®] 2% Al (4.5)7} Hr},

a) S = ko ky k.- S, = 45.0kpsi (310MPa)

(4.4)
b) S, = k, ky k.- S, = 67.5kpsi (465MPa) }
a) Sse = ka M kb * kc * Se’ = 78.01?1732 (573MPa)

(4.5)

b) S. = k, ky- k.- S, = 117.0kpsi (806 MPa)

Al (4.4)2} A (4.5)0M @)= FEWHo) PeeningS 312 UYL AS$ol, b= Peening

< StAE F-foll Pt RIEPe] F 2227 dots $H(N)2 dPo] &7
Hrh o] #3o &) sigeme R gY( Sy)o] AxFHLn 4] (4.6)7 rh.
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Sf = aNb (46)

0.9S, .95,
A71H, a = *fg:% b = ““%log(l;§:l)

(3) Compression spring A o]&
33 792 Compression spring?] dwtdel FefE veplin, dAAL 23 802 Zol
Spring& HlEH & U= BarE JHE3t fEHTL

Free length (FL) i

Coil radius (R)

—| | Wire diometer (d)

Fig. 79 Typical type of compression spring

L
..,11;’////"////,,,‘
T ("’ —

7

Fig. 80 Axially loaded helical spring and free - body diagram

subjected to a direct and a torsional shear

Torque( T)% 3H&( P )¢} Coil?] WA ( R)2 &3 Zrl



Peoj o) st AxtgHe

Tol 23] AyAoz WPst= Ay AtgHY}
Z A (4.8)0l 42} Zo] Wireoll A W3t Hof Mch3Fo] Hrh

T—

_ Ic P
Tmax = i + A (4.8)
oJ714, J : Second polar moment of area (= zd?/32)
A : Area of wire section (= xd?/4)
c Distance of neutral axis (= d/2)
d : Diameter of wire
o] Htl A A (4.8)2 Felshd 4] (4.9)3 Zrl
_ _16PR 4 4P (4.9)

zd?® xd?®

tmax

Lehfis A2 A Spring index( C)E A (4.10)04] A3
Fel& AQst, dALFA e Felo vfg 2T o

# Ao) Coild) FEE
Th o] A& Coil?] 7Isl3tal
g ek

C = 2R/d

Al (4.10)0A] A2JH Axrel Spring indexE v
21k Coil Wige] ) A= & zashd A (4.9) A (4.11)E FJHch

_ 16PR 0.615
T max ﬂ'd3 X (1 + C ) (4.11)
A (4.11)0] 5 9a] 8ol 4] (4.10)2] Spring indexS o] 8317 FEe| 3ere 13
SHES T A (411)8] 3 ) P Y ATDLAS 4 (4.12)3F del Aegck
o = 2R dCo a1

A (£12)F A (4110 thYsk Coil Uhold WAsHs Aol ABgYe] A

(4.13)3F o] F2Hr}.



_ _16PR AC—1 0.615
e = ope % (GEf e

2 (4.13)8] 5 ) ¥} Wahl FFAF( K, )2t A=, o] Aes AZPA &£

gt ofUgl Coil?] 2Eo] 23t d3x=E EFste g o k. A (41)E
Wahl +=BAFE o|-&3to] cir] Fejsid A (4.14)2F Zrth
16 PRK
= ——= 4.14
Tmax 7fd3 ( )

A (4.14)0] thsiA 7ol tiRt §¥ & A EHLE Fost HHE( FS)E st
H A (4.15)2} o] F2yHr]

r 16PRK,,

D (4.15)

A (4.15)0] A (4.10)F cidshd 3 sy AAYFAA 4] (4.16)°] f=HT}

tad® = 8PCK,FS (4.16)
Th2l 32822 Spring Aol UZt AR Torqued] 23 HIER ZH 6)2 4
(4.17)3F go] FolHrt
- TIL
6 = 7 (4.17)
o7lA L : Length of the wire (= 2zRN,)
G Torsional modulus of elasticity (EEMIAIF)
J ¢ Second polar moment of area
N, : Number of active coils (F-EZ7ZI4)
A (4.17)& TiA] Foshd A (4.18)3 Zrh
64 PR’N,
= —_ '1
] L (4.18)
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2] (4.18)0f 23 FolH viEH 2 Coild] WAL siFol AT MY (9ol HI, =
olei3t slFof 23t WH-2Z Spring rate( K)ol 2J3f 2] (4.19)2} o] F2lHT]

§ = PIK | (4.19)

>
ot
o~
yb
oo

8)oll Coile] ¥HAE J3lxr A (4.19)%} A#3IA =H Spring rated A4t

T M% A (4.2008 /=¥ + 9rh
K = Gd'/64N,R* (4.20)
A (4.20)0] A (4.10)F cigshd 2Hx) AR ARl A (4.21)& ¥ + sk
Gd = 8N,C’K (4.21)

I AW Spring®] YHW Aol CL)E RAojsteuld 2 4 9, 2 B
Ae 4 (4.22)7} "k

CL = d(N, + N) (4.22)

o714 N; : Number of inactive coils

ol 83 o] 3712 AArYE Al By FoFgdct ThA HH AR A (4.16), 2
(4.21), A(4.22)7} "Ach o] AES& viA] FesiRd 2zt 4] (4.23)el4 A (4.25)7
"rh

rrd® — 8PCK,FS = ( (4.23)
Gd — 8KN,C?® = 0 (4.24)
(N,+N)d — CL = 0 (4.25)

9 A& Bl 3l o3 HANS4E Ags] 2d o3 Ut
® P (Load)
® K (Spring rate)
® FS(Safety factor)
@ d (Wire diameter)
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® N, (Number of active coils)

® C (Spring index)
@ CL (Compressed length)

R AAEAS AvEd 2@ Jlx] H4E o 29 st ook e BE
=3 Zrl.

r (Shear stress)

@ N, (Number of inactive coils)
@ G (Shear modulus)

@ K, (Wahl correction factor)

S 9ol 771X WS Foll A A gt AL W= @ Wired] FH2 SAETA]
A ARG dol ALk S3stA Hrh r (ATE3)E= Wired] HF 2 =]
3 T FHE FIWARE(S,,)e med Fejol o5 AAFHE @ N, (FEZ
714=)¥& Compression spring®] Z-¢- Zwte] FHefo] utebd A==, 2 7HA] dibd
22 AAHE Exe] JelE 23 800 LIepflch.

(c) (d)
Fig. 81 Type of ends for compression springs
(a) Plain end, (b) Squared (closed) end
(c) Squared and ground end, (d) Plain and ground end

aunta o2 xl2E|:= Compression springd] Z%te] el 23 3z Zeon, Do u}
4= F 170 Vepj gt
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Table. 17 Number of inactive coils

Types of ends Number of inactive coils

a) plain end
b) squared (closed) end

¢) squared and ground end

DS N = O

d) plain and ground end

ol Ft2 Program ol HAHSE 3F3HA Ui, HAHL] dFoldo] AHF
o2 AREES stgrt. @ G(BEEAS)E Ao g3 ARs= E¥Aolth. @
K, (Wahl $3A5)= 4 (4.3)2F 4] (4.4)0l4 & 4 9l%o] Spring indexol 2%t 3
SolmE WALl AAUST} ol olo] AAZT AHeR AAHSE thed Boh

® P (Load)

@ K (Spring rate)
EFS (Safety factor)
N, (Number of active coils)
C (Spring index)
CL (Compressed length)
A2 67K HEER Al (4.13)014 A (4.15)8 243 s§A4F Foll Compression
spring2 R 7HA] aLeshopdd grEel ok 4] (4.19)o14 FeH H¥ 3} Springd] 713}
AL 2AF vl FLY AFLNFL)E & 4+ Uth. AFZol& Compression
spring?] (o] Aol Aozt L FE= 2do|BE nj Fasith o] L o9
B Ees ANG 4 geu, Zeaw A dAxel gede] e7Hch WA
ZHAAE A RE A (4.26)37t}

&)
@
®
®

Buck — 812K FL x(1—\/ (1—6.87(%)2)) (4.26)

27121 A (4.26)00 4 AN Az} o] 10]3tY Aol Zo] Wit & 4 ¢
th. FL9 UFHU= Computer?] Axto] dddte] aE 7] 9Isir] AFZ ¢te] o]
0" Hrh= FAolgith= 7o) AT olo =p-g-Zol ddMel Al (4.27)3} Hr}.

FL > 5.2421R (4.27)

ZEZol( WL )oll 2]3t Compression spring?] W& a2 Al (4.28)0llA AArc)



WL = CL + 3(=§) (4.28)

L}, Case~Building 7]
(1) o]l &3 1%

A8 BRE 7Y JIAIQ Lo tidt AARMEE =23 ol HAANESsY (V)
t Y AANEAY £( W)k Ayt oz gt weta chE] dAXMEE T2
A2 AARZE stodF L V- WY ARG tidt 3] 3hE 4Y¥3les: a7
th. olof wel U] x| HARSLE T2 oA FE3H= Zlo] a7HT]

A= AAANE 3t Program Yol 3HEH 48] 7He3t Design case && ule] 33
3 AAR] o3 dEH V- WY AAMSES XU F, I F AYPS dAY
BEE AYESE festa A"HE Ao sidsEE s FUE IE3te] Unz]| 0z
2 AAMSE AMSIES sttt vt ot Y2 AANSet AAYFA Y o
g3 A B 7t FF3] FI5HA =, oo ulegl 2 o] FA3F| FU}
3ted &AL CAD Z2030e] Jitg oA shch

Input of design variable =I( PLANNING ]

| Designer | _sowng |

Acceptance/Rejection

A

[ REDESIGN ]

Fig. 82 Basic construction of design automation program
using of case-building system

o3t EAAL s A3t7] 9l8h o] € Case-buildingZ]'{-& 2 810 LUehd ZAA &
thEY dAREE Z20e vies 1208 ARgrt ™ shite] MAMSEr A
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AGEA 2 Mol nAlE VS EAste] AALF Al BYstA fME wiztA] A
=12 4HE 273 olof WE MANEAE AL HAXI nEY W AAE

A& w7ix] dF2 sy, 2ela A3 238 7 wEsHA Hr

olEFor AWEA VY MdAESs W AANEAeR EHHE JAF
HANLZ dARl s V—-W7el A d=berl Foixw ol AANSe AR
AAGZA L AFAA] s vhx] WY uA] dAMSFE FE0] Jhesitie @
o] ol =73l Case-building 7I*d-2 AZHr}.

ol2i3t o] 22 AAY J|AR FF UIHEF A YA 5L v 2ol FHA A
HE ol§sle] Hrt =el3os EHHACL

o

{X} : Set of design variables = {x;, x3, xg, - , Xy}
{F} : Set of design equations = {f}, f3, fs5, == , fw})
{C} : Set of design limitation condition

{I} : Set of input design variables

{O} : Set of output design variables

{D} : Set of variables given by designer

{U} : Set of unknown variables

912} ol ARGt dAYAN Aol BN olehsh ol TAY 4 k.
{1} U {0} < {x)
{D} <~ {I}
{U} < {0}
E uREeE 1o RS AX FESH: §4 S, & ol Lol EHHCH
Si ¢ AD;} < {U;}
{D;} = {D}
{U;} < {U}
T+ S0l sl U7} 2B ofeleh 2ol Uehatt.
{D} < {D} U {U} ., {U} <~ {U} — (D))

{D}&= 25 AR A (Ul ZoEA Hrh o3t P kg '6‘} = R
{Ule ¢=2 Hol F8o] ZuA "rl Fold #otzA {C} & {F}E B3 A
{I}Z 76 {0} & 3830 7= 499 73S 2% 829] Planning F¥lo| g} }tﬂ. o}
F'lo] 3= F¢t Case-building 71'Hol] oJs] AAMSe] RE Zto] ARHA It}
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(2) Case-Building 7]®H2] Spring A Ao AL

Spring AAZHE3E 915 Case-building 71'H& HL3st] AAYFAE sst= =
A& Ao Ert. WA, ZelH Compression spring®] AAMAAE AFHEA A (4.29)0]
A Al (4.31)2 7t}

rtd® — 8PCK,FS = (4.29)
Gd — 8KN,C® = | (4.30)
(N, +N)d — CL = 0 (4.31)

Al (4.29)o1 A (4.31)71x] 8] AAAAS AANSZE FASPE 2] (4.32)2} Zol
FHHATE
AL(P, C, FS) = 0 }
(K, N,, C) = 0 ’ (4.32)

(N, CL) = 0
A (4.32) 7 AAREA U] AAES EAR-E FASKE 03 1Y BitE F
A¥ 27 832] Bit-map (1)T EHY 4 r}.

P K FS N C CL | Sun
fill 0 1 0 1 0 3

Ll 0o 1 0 1 1 0 | 3

f3000101
Sum | 1 1T 1 2 2 1

Fig. 83 Bit-map (1)
"=, Po tizt e «3 vy JHESIE P Bit-mapold XA 2BEL
Bit-mape] 23 840¢f Lbelytc}.

K FS N C CL Sum
f 0 1 0 1 0 2
fo 1 0 1 1 0 3
f3 0 0 1 0 1
Sum 1 1 2 2 1

Fig. 84 Bit-map (2)
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%9 Bit-map (2)F ©l-&3l FEo| 7y AARFES AASHA Hedl, o2l
_CrL o

AEE BE3ME HALEL £80] FHolArh
© HA Ao n|xHeTt Shtel F-
@ 2719 22 nzpASE7 270 WA Al S5t 35
@ 3789 Z2 ujAPHE7E 374 WA EAfstes BT
Bit-map (2)olld& ¢18] ZAE TE3IE= AAMMSet AAA o] gol FEo 37}—56}
2 ool AR CLE&

th. wmebd AARelA THE AARSE dHsA SEwrh
ste] olelg AT sbgeichd 1 859 A Bit-map (3)o] YAHHCL

K FS N C Sum
f 0 1 0 1 2
fo 1 0 1 1 3
/3 0 90
Sum 1 1 2 2 6

Fig. 85 Bit-map (3)

73 85¢] Bit-map (3)o1M WA fo uAESe] Pol ol HE A A& 4
odrt. ol2A £,5 PAsHE RE AANSLE Aol AHssiact om AAzte] Ul
glol mAMA( N)E AT 4 A Frh ol A AMAEY uHHST} ThE
AAMAA ] e FE AS FE3 Rolop yrh 13 869 Bit-map (4)& 2 A
£ Uehdir},

K FS C Sum
fi 0 1 1 2
£ 1 0 1 2
Sum 1 1 2 4

Fig. 86 Bit-map (4)
2% 86elM s AAWRA ] 2700l AARMST} IAZ o} sl EIXI SEIRE R

o] dFo] 2FHrt olo] dAAs FSE d¥rhd M2 Bit-map (5)7F 28 87
2ol Uepdrt.
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K C Sum
f 0 1 1
% 1 1 2
Sum 1 2 3

Fig. 87 Bit-map (b)

23l g7elA UFERd whel ol fiolH C7h Adtol FhsstA El3 okgdl £9] KE
Axts] FRsiThs A o & itk oAbz o] o MARIe] ol s 37
o AAMRA o] haA ANHE o 4 YT

t}. A A x=3} Program(CSPRING Program)

(1) Program® 348 File

‘CSPRING’ Programe 57§ H-Eo0g FEEA glrh F& 74 of chaliA
E 18] Yehjgon, sigiio: sdsiadg zta odrh AT siuHd=E
e7idog Agste] A TzayPo] Ak 2 882 P4 Manu®] FRE UERAAL
on], 22pPolM Compression springTto] Bhel Fade] chdt s & ¥ AA
&7 AA 282 2E A2 Aefol] th¥t Manu Compression, Tension,

Torsion spring 2% T3t}

1=

i
b

2

Lo

<

1

¥

Table. 18 The main parts of ‘CSPRING’ program

Z Q)& &) 3}l (. CPP)

e

H
-

Main Ax T2 Y, 7]t 2ef® A2l | CSPRING, GRAPHI

Aol gt BRE ARt AL

Material selecting
5, TEIEER

MATSEL, FAILUR

Desi AARS APzt dge o FF 4 | DESIGC, DESIGE,
eS1£8n
& 3 1 7l 24 47 DESIGO, ENDTYP
SOLVE1, SOLVE2
Solvin azz 22 AR T p|AHSEE 7| A4 ’ ,
g Nz S F o RALE I SOLVE3

N i N POSTP1, POSTP2,

Postprocess Azt ez HFAY =9

POSTP3, INPPRC
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CSPRING

PREPROCESS SOLVING POSTPROCESS
ettt ettt ebeieletninlelutalaitetsbaietelet il
t | COMPRESSION END’S TYPE 3
5 ] :
| | L
E TENSION MATERTAL FAILURE DESIGN E
E TORSION || PROCESS §

Fig. 88 Diagram for "CSPRING’ program’s menu

(2) CSPRING Program & -8

7it “CSPRING” Programe ©]-£3}o Auto tension control creel®] Compression
spring A7 P& 2y FASIL gt WA, 28! 89 Compression spring A7
HFPoz o] 23 E = AANHSE Uepiz drt I 902 1271/ QA E A=
= i]-mlogk] A 38l 9lofA= HEigt zjAe BEAEXE FHAF F glolA, A
AR R1E AR 4 gJrl. 2 92 M) JES AYsts Fdoln], ¥ 932 ¢
= "33’01]“} A T2 Tute F44g AR Heu B gAes Fay
Z7t d8¥ch 2% 94 AAFEY A Hx FHos xJol i FRE YT
th 3% 95 AANSE st dANELRA A, 35S dYsta, 17 962
+E J—Pg:—% AH F Y AANS7] 3“’“0] HEHA U3 IS A F °”:} ofo]l
% 2748 QA HD 29 Po| F2o] FEHW AARYA 4 247 2
335“3]' 28 97 dAR] d=E Azt iy FEE vehde #de] Hrth Id 982
AZH S0l 23] AFH AAHse AAE vehdd, I 9958 2% 110= HF
AAAZE vehfz gl
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IHPUT URRTABLES @  SIRING BATE OO
SHFETY FHOTOR (FY)
RETIVE COILE ¢
SPRING [HOER <€)
COPAELISD LENGTH oL

Fig. 89 Initial screen of compression coil spring design

Fig. 91 Screen of material properties
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O GAL
FRTEARE

Fig. 94 Screen of wire diameter mode input
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Fig. 97 Screen of input process
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Free length:37mm)

Fig. 100 Screen of final output(Wire diameter:0.2mm, Free length:90mm)
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length: 40mm)

Fig. 102 Screen of final output(Wire diameter:0.3mm, Free length:40mm)

Fig. 103 Screen of final output{Wire diameter:0.3mm, Free length: 32mm)



Free length:32mm)

Fig. 106 Screen of final output(Wire diameter:0.3mm, Free length:38mm)



Fig. 109 Screen of final output(Wire diameter:0.25mm, Free length:38mm)
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Fig. 110 Screen of final output(Wire diameter:0.25mm, Free length:43mm)

2.Spur gear

Gear= 8 & AWstal AR 7= 7AIMNLRL] i FTHR4LZAH £F9 AAEL
ZHE 53 ulde 53 AdstE tid A&l o|2U7kA 2 A7} FF{It th
Ad3lct. Gear= T Fof Auidlx], 27l & X¥F JiFyyd Tol s 7=, Spur
gear, Helical gear, Bevel gear W Worm gear S-o] vtz o2 uwlo] ALR-HC} 2 A3
off Al ZtEl MA ProgramE Double winder?] Spur gearZ tiAto g 3lddct. AdAIxte]
87 2o HYSHA Prograns FEH = AEF 3t AMATZE S ulEA Y BE ©
A2 T o AA WEAS FEstyrt.

= Program AGMAoIA HAIZE o} npRe] thste] Spur geatE A St A}
¢l3l 7iE Computer programe]Tlh. Gearo th3t zfz} dlolglE UL 3tA A
Gear tootho]] Zh8-3l= Zt= o} EWo] 2&3h= ZE 121 I ETI o]EL 383l
ol thyt 38 &¥& A4tslo Toothol] FHE3h= 7=l o] &3t Z=et v
A3te] ¥R A4 A4tgith Prograne QUL HlolElE 7|RE 1o AGMASTA A|A]
T A ® 223 D=2 RE Gear AAlo] L3 o 71X ASLE St e
| 23jMo] HoT AFE A FRich o] LRI A 7R dolHE HFTHL
2 Gearof cth3 3iM& %‘3&“‘8‘3}. FRANZT ol F S FAH FHE AASHY
3-8-3 7 naste GAALE AR I T whE ARERE St F U
d 4 AA stedFoh

7t 49 elolH

2% 1112 3% Spur gearZA, 47} 22 Zo|Pinniono]i, A7l & Fol
GearolT}l. Gear o] thsl A& 3l7] 93t 2pAMIt P2 F 1904 vi2} Qlch
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€03

P.L.D.150

20.160

. -
Ta iy
;/Z//{//_}’/ wyddg l
wrE—]|
’ Fig. 111 Pinion and Gear E&

Table. 19 Gear and pinion detail

3 5 Gear Pinion
A 50 20
2E 3 3
ot= 2z} 20° 20°
Addeddum constant 1 1
Dedendum constant 1.4 1.4
Hob tip radious constant 0.35 0.35
Teeth width [mm] 5 -
Face width [mm] - -
Material Steel Steel
Hardness [BHN] 180 180
Life cycle leb leb
Reliability High High
Transmitted power [kW] - 25
Pinion speed [RPM] - 1200
AGMA Quality number 8 8
Load type Uniform Uni form
Tempratures [C] 120 120




Welcome to Spur Gear Design Lab.

This program is determine the strength and wear

capabilities for spur gears using AGMA standards.

Number of Teeth on Pinion 1 20

Number of Teeth on Gear : 50

Normal Pressure Angle : 20.00000
Normal Module : 3.00000
Addendum Constant : 1.00000
Dedendum Constant : 1.40000

Hob Tip Radious Constant : 0.35000

Teeth Width : 5.00000

Face Width : 25.00000
Type of Gear Material : Steel

Type of Pinion Material : Steel
Material Property of Hardness : 180.00000
Life Cycle 1 1000000. 00000
Type Reliability : High Reliability
Transmitted Power : 25.00000
Pinion Speed : 1200, 00000

The AGMA Quality number for the Gears : 8
Type of Load on Driver : Uniform Shock
Type of Load on Driven : Uniform Shock
Approx. Peak Operating 0il Temperature : 120.00000
Condition of support :
Accurate Mounting, Low Bearing Clearances,

Minimum Elastic Deflection, Precision Gears.

.
fxkeesks  Analysis Result sxkddsdiksisssis

Transmitted Tangential Load [N] : 397. 88736
Pitch Line Velocity [m/s] : 62.83185
Overload Factor for Bending Strength : 1. 00000
Dynamic Factor for Bending Strength : 0. 30845



Size Factor for Bending Strength : 1.00000
Load Distribution Factor for Bending Strength : 1.30000

Geometry Factor for Bending Strength : 0.26420
Elastic Coefficient : 191. 00000
Overload Factor for Wear : 1. 00000
Size Factor for Wear : 1. 00000
Load Distribution Factor Wear : 1. 30000
Geometry Factor for Wear : 0.26783
Life Factor for Bending Strength

Temperature Factor for Bending Strength : 1.14194
Reliability Factor for Bending Strength : 1. 50000
Life Factor for Wear : 1.14545
Hardness Ratio Factor : 1. 00007
Temperature Factor for Wear : 1.14194
Reliability Factor for Wear : 1. 25000
Teeth Bending Stress[MPa] : 84.62917
Teeth Allowable Bending Stress[MPa] 122. 86027
Surface Wear Stress[MPa] : 390. 22728
Surface Allowable Wear Stress[MPa] : 486. 25326
Safety Factor of Teeth Bending : 1.45175
Safety Factor of Surface Wear : 1. 24608

3. Traverse cam

7}. System?] X

28 112% Traverse cam A|2®le] FRE =3 o2 TAIE Zlojt}t. Systemo] U4Y
5= &2 Differential shafto]m, o] o] 27§2] Pinion gear”7} ZA¥E o] arc}. ztz
2] Pinionoli= Spur gear?} AZAF| o] Zdo] WA= A&H[7E MR ThEA UAAHE
5 AAEe] Urh Systemol= 2709] Cylinder camo] vl ZchH2]71 170mmed FH ¢
Camz} 5mme] WS UAAAFl= BEHS] Capo] F4Ho] gt FHY] CamZ  Gear A]
28102 AAE0] 25/832.% Z<&EH, HRWY| Cand TIE Gear A|AHICE AZAEW
A 28/802.% Z&4EHCTE 2702] Cam?] 3 Ad|= B2 Can?] 13 Ao cfs] 8¢ Cam
< 0.8606 & Ho] WASI=F HAx]o] g}, E3 HRWHS| Canof 20T WIHE FHY
Cam?] I E FFHAIIESE A5 0] o], FHSY Camoll 2T AA] A2LEQ] Traverse
Hel7t Ao wel 22 ¢X|oll F¥EA] 3 RandomdtA UAFFch o] Double
winderofl Al Yarno] Z2 f]XJofA] ¥IEEx] oim 77 eyt 448 ES EAESF 43
ol &= Holrl.
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4 X P
TORIVING GEAR B TRAVERSE TRANSFER SHAFT E ALY 3
2.CAMCASE 9,CAMGEAR AL
I.CHANGE GEAR 10.GUDE BAR
4.CAMDRIVING TLDLE GEAR Jt‘l—i
5.CaM 12.0BMNG GEAR

ETRIPPING PLATE 12.DRVEN GEAR
T.DRUMDRIVIRG SHAFT 14, 3PRNG

Fig. 112 Structure of traverse cam unit

L Hed= dA

Traverse came M2 58 U% CanlE 0° ~180° =¢F I A5 %58, 180° ~
360° Fot A 17 5L vl WM AdAo A Holge= £ 20, BYH H
AAE Jg== T 1132} Al

Table. 20 Traverse cam?] 7|& HAE A dolg

77t | A A 24 F5 -5 5| 43 H] 3L
1 0° ~ 180° M (12} c}alats=) Rise 130mm
2 180° ~ 360° M (12} cpsisls) Return -130mm

1300p o
1.000 F /\

0.500 ¢ / \
] . bt ;

90 130 270 360
Angle

-0.500

-1.000

-l.300 &

Y-axis scale —— Dis :* 100
—— Vel :*06
—— Acc ™}

fleady’ .

Fig. 113 Traverse cam®] 7]& HAE
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e E Uehi=g 0° 2 180° oA Fx|Ho] U
AIRZ, HAHAEY 13 E3FA AT ga] 0° 21180° oA FASA H3sE=
& & 4 otk o9} T2 HAHRE AME-3}o] Traverse camd AASHA HA 0° &}
180° off A #g]e] ST WHEHE Q3}oqTraverse can?] FFHo| 4% &5 Ee 3%
5< sttt HE 4 e AU AR Qlol FAA gL E 55 HE
2, Traverse cam EE Can?] FFFAE v|Rsle] AAHQ A2Ho] dFE v
"l whebd 0° 9} 180° oA o] HAXMEE 0° of 180° F-2of 1x} tiga] f4E AHE
Sh= Zlo] ohlgl, System®] Fol #4ATEe] ARE u|X= HedA 23} vyt
S AH8ste] AZASHA =Y HAFA L 27704 5719 PR AEEE] ol
th. & 212 Traverse cam?] +3H HHA R A dvloldl, 123 114 +3H HAA
Zof o3 dA"E HYMAE TgP=E vehdcl

Table. 21 43H Traverse cam WM 2] A do]g

-3t | Cam?] FAZIE F4 57 +5 7 =
1 0° ~ 180° I (2x} tistdt4:) Rise 5. 9mm
2 15° ~ 165° M (1x} cpsghg) Rise 118. 2mm

3 165° ~ 195° 24 (2x} tistdl4:) | Rise-Return | 5.9mm, -5.9mm

4 195° ~ 345° RAM (12} c}3igts:) Return -118. 2nm

5 345° ~ 360° Z4(2x} clslsts) Return -5. 9mm

1.300 -

1000 f
0.500 |
: i + ‘! + ¥
93 140 70 0

An

” -0.500F : ,

-1Lo00 |
-1.300 -

Y-axis scale —— Dis :* 100
— Ve :*07
— Acc :*1

Fig. 114 Traverse can?] $3H #HgHE
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14= 23 1132} vlas) & of W9 A= Z=rt 0° 9f 180° F-EollA FE=d
Aoz Ad=e] 931, oo wiel {5 =yt d4FA =2 HE A
ol 28 1148 HAE = 37 1130 vlE 5 =7t $£3HL
1 FA3HA Wdte FEo] g5 2= Systemo] QHF3ICE

(4
i

3o I
2 e

D o

U

Ll A& &9 F5dE 71 Cylindrical can?] A4 AA

TZ3E HAAEE A3t HALEHE E° F5EEL 71F Cylindrical caml
Traverse cam?] P& AT FHEAA PP HriEEgPo = Can?] HALEE
FT5AY HFAEEE AL AuEEE At Auszel FEHEte] BAS EY
Sithe 270 23t e g, o Yy nls] FHsia £ A7 Beisicis
Hol girh Can?] &£=ot F5H £58 42 J|EHA Aashy] 93] Canzt F54
2] Systemo] ® 7He F4& HAFAE o833, AL F£ AEAE ol&35lo 2FH
A FEHAE sfiM3tA "ol

(1) BRLSE E¢ $53dL 714 Cylindrical cam

I3 1152 BALEE ¢ T5HL 713 9% Cano] tidt EAEolrl Cand ¢F
BgE st gdon HALFE 3l F5EL Cand FAXE ulel HALES 3l
Cylindrical cam?] @Ho| F5He RollerE i3Iyl €3] AR &L Tl
st F2] gAZ Ribalal ¥l Cylindrical camd 2EH] £Zof 23] 2
= AFoAEs FE5Eol FE 258 ozl Cand] FAzto] 360° o] F7
Cam?] A= QA| 7Hssict.

t
BL
L
X
I

Foilower axis

Cam axis

Follower
]

Roller

Rib |

Fig. 115 Common feature of cylindrical cam and translating follower



(2) B

O>

} 47

Fig. 116 Coordinate systems and velocities of cylindrical cam

with translating follower ]

2% 1162 Can?] HAFAL 0., F532 °]5FHL Op, Roller?] A Q°,
Cam | AFHM F5E o]FFA7X] A& dx, dy, dz Roller Zo] r, Cam®] Z}
E% @, , Can?] FAZIE 4. Aosiadrt. 28 11604 =AH HALEEE Roller $5F

& 71 ZEA SystemZ 5719 EAZ P45t 0-2EAE= AY HAA=ES
6. it AY A¥EF X, Y, 7, I-FAFA = Cand] AFH 2AES X, Y, Z,1-2XE
Ae -2AFAE dx , dy , dz TF o]FE FFHY olF T4 HAEF X, 1,2, 2-3
FEAE 1-3FA X&FS 90° 3 A8 2EXX,,Y,, 2, 3-FAFAE 2-2AFAS EY r
T o] FAREF X, Y, Z2E FYstdrt. FH ARAE HA U o] HIAYH
2 3 Yoz Fosl v gl Mis Z;F2 FHLE - 4, HANHY

& Uehin, MIiE -2AZAA 1-HEAZA dx, dy, dz TF olFHBPY,

MiEs X &S 402 90° 3angsid, Mit 2-zEAA 3-FEAZA r T
F ol FHIANAH S Yelditl zZtz}e] ol HE qPFL2 4] (4.33)FE 2] (4.36)0] LEL
L} Qich
cosf, sinf. 0 0
0o_| —sinf. cosf, 0 0
Mo ; 010 (4.33)
0 0 01
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(1 0 0 dx

(=010 & st
(0 00 1
[10 0 0

M= 8(1)“01 8| (4.35)
100 0 1
1 000

Mi= 8(1)(1)3 (4.36)
0001

2] (4.33)%E A (4.36)2 o] &3l £EAe Roller AZFE Q° & 0-xAFAZ W
#ato] Uehi®E Al (4.37)3 22 AEA ' A" 4 Yrt

C'=M{Q*=MIM{MiMiQ? (4.37)

2% 116914 Cam ¥AFHolA F5F Roller FA47IX2] $1X] ¥ R, Can®] Z&
T @, S olgslo f-ZXAIN Cand] Aol 2J3iA U= £ VIE Fsiw
thest Zrh VR iHEANN jEELE %g SJulnt)

R.=dxi+(dy—») 7+ dzk (4.38)

w=—w.k (4.39)
i j k

Vi=Rw=|0 0 —ol|l=(d—»Po.i—dw.] (4.40)
dx dy—r dz

3-ZEANN FFH 5ol AN WSt &8 Vi 27 1149 Zo| 3-2}EA
o Y& JAEW EAsng, HIHER YHY A&E g S99 Zolr, Candl AEE
o0& Bsto] Uehid thE3t 2 Aoz e

o
)

c}

V§=7’a)|a)c| (4.41)



Al (4.40)& A (4.41)9) 3-2TA Z3} SL3A BAS] S5 FEHBES o] V2
< Bt AviEs AL Yoyt AJEEZ T3 116014 F 7t HAEAE BE
2 m¥shE o3t gt

A¥e X; % FHOE -90° A WYY ojth

1 0 00
s_ {0 0 10 4.42
A7=10 100 4.42)
0 0 01
Vi=AiV] (4,43)

Al (4.42), A (4.43)22 FE 34 ztZA L K= V

N o
e
o
lo
&)
in}

Vi=vi-y? (4.44)

Al (4. 4)E FE AXE AUEEE o] 43l £5A Rollero 2] A&ztS Aatst
71 #13te] £%5 A2 RollerE =AIESIA 2 1173 Zrh

Fig. 117 Relative velocities on roller of cylindrical cam

with translating follower

2% 170H g2 g AEHEE olFE AFZAL Urhdrh oA 13 1170149
o]

A=
HE 23 ol 3-zt&EAlelA Fog 7

3
6,= tan ! %] (4.44)
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3
Vy} (4.45)

¢z=tan—i[ VB
Can?} F5H2] Roller7t F&F AelE F-2517] flside 3-zEA L LA YuigG=
VAN AUSEs ol BHold Atidwel AEFoIM BuE Fsjop T,
IHEE FEPE 3-HEA YN ArisEol 47U Aol Rollers] ERF LA
He 7 ol sigyich. mrebd, o] WA rolet Fst, 3-ZEA A Roller J

A Q% Ashd et gt

Q 2=7,cos(¢,+90) (4.46)
Q 5= r,sin(¢,£90) (4.47)
Q %= r,cos($,=90)tan(4,) (4.48)

A (4.46), A (4.47), A (4.48)o] 33 A&
A (4.37)0] tidste] FHHE Potd Can A 3

44
nf.’i
> 4
32
Au)

th 71 HAM T} +=AH HMEof 23} Traverse cam A} H] I

(1) 71& Hid =0 &3] AAH Cylindrical cam

71& HelHdxo 2] Cylindrical camd $]%t dojel:= ¥ 229} Zt}. ela 7|29
Heldel= Tz o 1173 ol 282 23 1182 E 222 AdA ulolE
Programo]l st Adelth. 23 119%E 17 121& 7|E HANES AHE3te] 47
gt Cam®] A} AA A28 RoF3 Qlr)

Table. 22 Traverse cam®] A7 do]g]

35 A dlo]e} H] 5L
Cylinderical cam radius 109
Cylindrical cam height 180
Cylindrical cam base height 10
Distance between cam axis and follower axis 119
Follower roller radius 15
Follower roller height 27
Cam rotational direction : CCW
Reciprocation motion Reciprocation
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Edit

_thxigi” ﬂi V:Bki B r’é],\ 2115 éfinig/ : _sjg_lgt

1300 ¢
1.000 F

0.500 ¢

90

-0.500 |

-1.000 |
-1.300 &

Y-axis scale ~—— Dis :* 100
~— Vd :*06
—— Acc :*1

Fig. 117 Traverse cam® 7|&

Cam Displacement Fiie
[D'WKimmW TraverseCambesign21 _Search |

Cylindrical Cam Radius ] 108
) : ) . Design !
Cylindrical Cam Height } 180 { ‘

Open

Cylindrical Cam Base Height | 0.
“Distance Betwaen Cam Axis r“'—“‘"‘——ﬁ'

and Follower Axis

Follower Reller Radius ! 15

Follower Roller Height - | 77

CamRotational Direction -~ [CCW v

Reciprocation Motion lRecipmcaﬁon 'i
Fig. 118 A7 dolgl 4=

B2

Save

et N T s i B 5 p e
File . Deslan; View Ct\few ' Selip  Help

DS &#F a8 i
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Fig. 125 $3H He| M xo] 213t 34 HdA A

28 12358 23 126 =3 HAASEE AMESte] AAE Cand] JEA AAE
HoyF3 ort. 23 1232 %53 Rollerd} Cand] FZHE AR AZste] AAMIIA
HolFa glom, 13 124+ 3xde $dYy RGoR Esh gt 2¥ 125+
Simulation AL HojF Qv 28 1207} v]Zste] B Cylindrical cam?] ¢hJj
= B3 BP0l HEge ZHoR Jd4" AL o & k. 27 1208 V&
=] vzl FFHol A3 A L5 4 J2BT Systeno] A 3}E AT

Al 5 8 Pirn WP Aol Algorithm

23 1260 X.Q1 Alternate pirn®] HAFAFES A7 913t 713734 Ao &S
A A et WA Yarn F5F, Yarn speed, Yarn W<, Yarn WX, HF P 7[s13H3 ¥
A}x|4=2} Yarn layer?] Z}%, Bobbin 27, Traverse?] R7|%|x]2} At-3}3H4, Traverse
pitchZk 52 ¥ Datav} F-o{=EH, 233l= Pirn AL AMshe o Bag F 3
Al 742} 2} 28] Traverseoll 2] Traverse?] stroke, Traverse €%, Bobbin FALKEE %
o] Aol HEZE AlAgitt. 23 #F HFAbel ghAA] BobbinZ] BT A AHgiT).

1. ¥ A 4AI2t2} Winding yarn®] % Zo} 23

42 doleloll Al Yarn speed v ,2t FF% W & Yarn®] Denier D7} Foixd, % %
AAZ T2t 77 Yarn®] & Zo], L thg3}t Zo] #3ich WA U Yarn speed
2 Bobbine] A& = 79, FAGAL ol 7 Ao FZo] L i3 Pol &
Likal=

L=vy,- T, « (5.1)

qA71M, T, =% QA



#, Denier?] A2](1 Denier = 9000 m Zo}2] Yarn FA 7} 1g)E5-E] Zo] LQl Yarn
o] ¥ FH the ol AXHLL

ki

. L D,
= 500 < 1000 (5.2)

oA71A4, D, = Yarn®] Denier

o
ne
fr
i)

A (5.1)& A (5.2)0l chdsid thiel BA A

Uy Tw Dn
9000 < 1000 ‘e’ (5.3)

W:

J2Z A (5.3)e1A4 AR’ Yarn speed v, B FFH T Yarnd W3 3te=d £0F
t F AGAT T2 okt gol At

T, = 9x10° (sec) (5.4)

__w
D,v,

olF A (5.4)F A (5.1)0l vidstd H3H Yarnd] FZo] L2 thgz} o] Aatgict,

T, = 9% 10°—} ) (5.5)
e
TV AT
IEITAVAVITAV
"’ i_;ﬁ-ﬂ? :. L;t.« P L\l T

Fig. 126. Alternate pirn and its traverse changes in winding
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2. WEAe] Pirn HA 43

Yarn % W2} Yarn layer®] Z}= ¢, Bobbin 7 DS 4 Traverse?] Z|th Stroke CT
2} Traverse?] PitchZl p 2 Yarn®] W% o7l g8zt n Fojzx|H, wt ] Bobbin 3
73 DF2} RtH 2] Traverse Zo] CFE 7% 4 qir}t. DFE AA317] $isisdE= WA Yarn
o] ©hH 2 RE Alstsiop gich

7}, Yarn®] ©whE A AlAL
327 127614 Yarn?] ©EA L] dolx, Zolzt L, WEI pl A FA, W& thE
A3t gt

xd?
4

W= p X X L(kg) (5.6)

A (5.5)2F 4 (5.6)22 7Y L& £A3HH Yarn®] @ AZ d= thizt Zeo] AE
cl.

. 4Dn N 1 Dn
é= \/ 9000X10000% 07— 1500V oz ™ (5.7)

| |

Fig. 127. Geometric parameters of a fiber
v}, gHHA] Bobbin®] )7 (DF)
7 12804 mEHA] Bobbin®] ¥ E A28t Winding yarnqte] ¥ £3], V& o33
Zict
V=2V, + V, -V, (5.8)

7|4, V= Bobbing] ¥3o|r},

oA (5.8)eld Vy, V% Vi 7z theat gel Ak WA Vi o3



vV, = fo 7 ridz (5.9)

CT| GF

NN
! <§Z§{
Y%/

DF
Z ks }
|
r
P(r,z) |cT-cr
8 7
DS r
c

Fig. 130. Definition of cone Angle

28 v} 2E 37 130004 B F2EE UshiRE thE e #AE JHTh
_ DS

™o
-z—— = tan¢ (5.10)



A (5.100& zo] Beod Felska che k.

4 DS

z = tand  Jtand (5.11)

A (5.11)8 UL AR=H+E F51E theat Pl

_ 1
dz = tangbdr

(5.12)

JEE A (5.9)2 dzi= 4] (5.12)& o]&3lo dr2 XY
o ThE3 ol A4tdrh z > 04 ©f » - DS/2 °l3,
r > DF/201B2 4 (5.9)9] &2 chdzt Zo] AArHTh

olch. A (5.9)2] F
— CT—CF/g uj,

A
T
<

- 2 2_ 1 _ 1 2
Vi = fo T r dz= %ﬁr tan¢vdr— tangbf%”?'dr
_DF
_ 1 MB] ‘. [ (DF)3 B gpsf]
tan;b 3 DS 3tan¢ 8
2
Vi = Sitmgl (PP’ — (DS)°] (5.13)

EZ, Ve 3" 13104 thg3t go] F3jAct,

v, = o(-BF)ixcr

o714, CFE 3% 1308 71515ty BAREE theat gol FolAr).
tang = -DE=DS

(5.14)

CT—CF
CT—CF = Dfanfs
.. CF = CT — %éﬁ (5.15)
= 5 er-BES ]
(oY cr+ DS¢ - —% (5.16)
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Fig. 131. Final traverse section of the fully packaged alternate pirn
225 Bobbin®] 3 V,= 23 131004 §¥ tidz go] 3ot
V, = I”(DS)ZCT (5.17)

A (5.13), A} (5.16) & 4] (5.17)& 4] (5.8)of chystd Al Bobbing] F F3],
Ve th&3t Zol Alxtsch

V=2V + V, - V5 gas (DD — (09)Y]

DS } _ z(DF)®
tan¢ Atan¢

+ [—ff(DF) 2{CT+ [—f(DS) 2CT] (5.18)

St Ol 1320 A9} o] ©HARI A del Yarno| Traverse coil pitch p2 H2|E o] 7t
FAl F-¥ 7t vACTHd, V= T3t Zo] AatHct

V = gxpxdxL (5.19)
o7]A], g Volume compensation factoro|T}. 2] (5.19)0]lA4 L2 & APA} T, F

Qt Bobbinofl 771 Yarn?] & Zoj2A] A (5.5)0]4 & Flojt}, 2R=E A (5.19)F
Al (5.18)0) tiysleo VE AASHE th3} Zro] DFojl Ag 321 WA Ao] Hcl

Biamg  (DFY) = (DSHM (DR cT+)

3
- —§~Lff4£f¢ ~ X (DS)*CT — grdL = 0 (5.20)
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Fig. 132. Traverse pitch in pirn winding

22 2} (5.19)% 2 (5.18)0] st VE £ASHH 3t 2ol DFell 33t 3%}

gl ( DFY) — (DS} + (0P

3
- ZDO- — E(D9)*CT — apdL = 0 (5.20)

Al (5.20)S E9 DFE ¥ 4 2t I3y duiz oz 3z UAFAlL2 A3 gl
22 o714 = Newton-RapshondhHE xp&3t] ZA}sE 317]2 3icl. Newton-Rapshon

YHE AHES] f18ted, WA A (5.20) PetA} ke nA$ DFE alal F3, the
2] A (5421)3} o] A4 27|12 Frh

Bimg( ¥ — DS+ 4(CT+ tam[,) x’
— ﬁ-‘;‘—ﬁ} — I DS*CT — gpdL = 0
—Izzt—:—fsbi + 4t:n¢(tan¢ CT+ DS) x*
_ gfaﬁ; _ ﬂDi‘Q’CT — gpdL=0 (5.21)
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Al (5.21)8] ¥¥E ( —x/12tang® W3 AEishd thet gol "ok

2x% — 3(CT- tan¢+DS) x> + DS?

+ 3CT- D S’tang + —2804L (o0 =

T

A7l A (5.22)& th&d ¥4 Ax) = @E UehiZ|E gk

Ax) = 2% + ax® + B=wth xpp < 2 X max

Al (5.22)0l A

a = —%(CTmm/J—FDS)
g = —%—DSZ n %CT—DSztangb n -ﬁg%altangb

olth. ] (5.23)& FojH xS

=
# 133004 x9] st ohe} Zel 73 Y 4 gith

Xmn = (DF) g = DS

(5.22)

(5.23)

317] lsidE xol A - shEgke] A Eojo} ATt 1

(5.24)

R E xo] A2 thE ol ¥ 4tk A, Yarn layerd] ZAEE T

stetd] P2 RE thE dAMNE 78 4 o

(DF) max DS
tang = 2 CT 2
2

Al (5.25)001l x9] AZF2 th3t ol Fsf3ich.
Xmax = (DF) pux = CTtan¢ + DS

9] 2ANE o3l 4 (5.23)8 Ax) — @& BolA 1%
47 DFE 7t
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}

(5.25)

(5.26)

ZA]2] Bobbin



__l . l DS=CDF drin-

CcT

]

/L

{BF Ymax

Fig. 133. Minimum and maximum bobbin diameters in pirn winding

t}. gtHE2] Traverse Zo](CF)

M= Yarn layer?] Zt% ¢ 23 128 E: 23 129004 WAL J|stetE BA
EFH v Zo| EEY + gt

DFE — DS

tand = “~F T CF

(5.27)
222 grAd 9] Traverse Zo] CF= ¢ 2] (5.27)2 F-¥ th&3t 2ol At

- _ DF - DS
CF = CT tang (5.28)

o] 7] DF¥= Rt3A] Bobbin & Zo|tT}.

3 Traverse X%

Traverse Xt HAZAY F9 AAFL St AT Yarnd] A Gl & 4%
S HAE 840128 O £E31E AF3] AP Folok gt} Traverse S 23
o wA felsolg A thet gk

- Traverse &5+ 73 3t 8l £2310%F ZAAs|of gitl. 2 o] f+= Traverse
&=t WER Yarnd] SAMHS QTSAL N ANFY Fol AAFA A7
Zs7] whRolch. ), Traverse W] warol Wakk shgate] B2l A
Apo] LpwhAc},

- Traverse &Xx= 7153¥t 3t Traverse &%7} X|Ux|A] w2, Traverse F%

motore] iyt §-3}7p A o] UL = Qlrh
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pick & Zjof xpdo] whAid 4= ot}
olg]gt o] ufEo] Traverse HEX= UubF el ZAo] H2|ZH2] Traverse coil
pitch®} Yarn speed®H-E At&E3le] AAICE 28]2% FHAHZ Traverse coil pitchE
Aefst= e nf-$ FQo3ict. A A& Traverse coil pitchs yarn FF/-2F H2d Ao
utel xpo]7t 9l o} Denier ko] ZUlof wet AASH:= 32 thd F 233 Zrh

Table, 23 Recommended traverse coil pitch

Denier Recommended traverse coil pitch ( X107m )
Below 75d - 0.5 ~ 1.5
75d - 300d 0.7 ~ 2.0
Above 300d 1.0 ~ 3.0

Traverse coil pitchZ7} AAA t}& Traverse £%25

58 AFsi WL o 2ot
Mz 33 134(a)ofl A %] Coil pitch P 2 Traversedt=t]] ALE L

|, Traverse §% v & Tha3} Zol ¥ 4= rh
- P .
vr = At (5.29)

Fig. 134 Traversing pitch in constant yarn speed winding
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%% Yarn speed v, 7} 4ASICHA, A&7 S¢F tH9] Coil pitch® Bobbino] H3
£ Yarn®] Zo] /= thE A3 2t}

ZP: UyAt

(5.30)
2] (6.29)2} 4] (5. 30)

L2 HE oj& A7t FE dioll th§t nj4& Traverse coil pitch
3 Yarn®] Zo] FZo] #F

BAE ohe3t Zol ®8Y 4 9rh
dP = 'UTdt

(5.31)
dip = v,dt (5.32)

EFE 73 134(b)ojjAl 2} Zho] Bobbin.‘ll ol FAZPHQY FR dHE2] Traverse
coil W F<& dPe} Yarn®] Zo] S8 4 /p%e AL th Az Zrh

(d 1)~ (d®)? + (dP)?

(5.33)
A (5.31)3} A (5.32)F 4] (5.33)¢] tidstz Feshd ohe3 o] M}
N
df = _U_X;’__Liﬁdt

(5,34)

5| A2tE 27 774l thstol

T J 2__ 2
02 de _ ‘f‘odt v v

2 2
UV,— 0V
" dat 2z " At
at = ——LEL__ (5.35)
v, v
2} (5.35)0 78 4 A (5.29)0] thUsHA Traverse 2= TS A3} Zo] Fajl
) Pu, 1
T
2
i 1+ ( 2§7)2
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4=

a8y, aundes P/ omiol2E, ( P/ 2x2r)*x002 7vESPA Traverse &E:

AR SR The3t Zol AN 4= 9lrh

. P,
Vr ¥ oo (5.37)

4 Bobbin?] FA&LE
Yarn speed v, 7} UA3A HolFojof 3l= A= I3 134042} Zo] Bobbin?] F]

AEE oe the BAYE WIAAES AP

flo

w > (5.38)

o 71x & Bobbing] | FARIF ST A uf Traversenjr} Z71EH A HIlE = Zlojt}.

5. Winding algorithm
Alternate pirn®] H2| P A} Cyclew Traverse 33A L] M3l 18l 12604 RoF2
=], 1 cycle® Traverse stroke K = 10712] 8Ao] o]Fo]x]= A-Lo|r}.

7} Yarn®] ]2 ¥E
i®] Cycle?] j¥H=l2] Traverse strokeofA2] Yarn?] <]x]¥¥] _P—;(t){—_‘- a2 135

2 ¥l che gel Folar),

T;(T)z ¥ ;COS wij2+ rijsin (l)ij;‘*‘ Z,,jé (OS T < tl'j) (539)
A7IM, i =1, 2, 3, ,, , , N(N = total Number of Cycles)
i=1 2,3 , ., ., , K (Per Each i-ch Cycle)

EZ, iHA Cycled] jH#| Traverse stroke?] A|ZHA}Er ¢, thez}t Zch
t; = {G—1XK + p}xd4T (5. 40)

ol Traverse stroke?] A7t 7vd A= c&z} ol

- L
AT = —+ (5.41)
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Fig. 135 Position vector of the depart point of yarn at i-th traverse

L}. Bobbin ¥}7] Bobbin A& % W Traverse &%

233 135014 Bobbin B4 X5 thel 7I3183 #AAE Jpdch

CD = Q%—CE (5.42)
CB — QE—C—E (5.43)

23 13608} o] Q12]8] AJ7t to]lA Yarn?] Traverse stroke?] $1X|2EE Z(H

2t B2, Z(=0 Z(t=ADAlY] gol FE& AZ 3 TH, AZ= the3t Zol =
dgch

_ 2CB
4z = K, (5.44)

i-th Cycle?] j-th StrokeollA]2] Bobbin speed H|oj:= t}23} Zto] o]Fo]Zir).

(1) TraverseZ} Upward strokedd uj
(@) j¢ AR (EF =135 ,,.r%

Traverse height Z;(7) & th3t Zcl
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Zz'j(l') = Zs,' + UT‘.;.Z' (545)
Traverse stroke®] Starting position Z ;& Tth-3} Ztl
Zg = (j—1)x4z (5.46)

7 7= T2t ol AR A}
m =11t j+1/2%% CD+(2m—3)4Z { Z; < CD+(2m—1)4Z
T CD+(@2m—3)4Z = Zg 2} (2m—3) <0l

= {TE—mx2i— 1,35 ... K2 (5.47)

Y= 7 (5.48)

|52 22 Bobbin AP 2] (5.59), Traverse speed vp; += A (5.50) ZZ8jiL
Bobbin speed @ ;= 21 (5.51)2F o] Hr}.

yy = %S—-Hx r? (5.49)
Py,
v Ti 271. rz'j (5 50)
w; = ﬁ (5.51)
w ;> Sazs@ = Lo Lag L DK

Traverse height Z;(r)+ 2} (5.52), Traverse stroke®] Starting position Z ;&
2] (5.53)3} U}

Z,'j(l') = Zsj - Uyt (552)

Z,; = (%—%L)XZAZ (5.53)

7= Tha3t Zol A% Hrt.
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m=110 B2 Z +om—1)42< Z; < Zy+2mdPIRA

4
W= (K+vad - G-E-2d + 2(m—1a (5.54)
ri= Tw (5.55)

Wt CD+AZ < Zz; ol R, = r3 "j-th"e] Strokeojth. 22z N = 109

A (B2 _pidiet wer CDH(N—14Z < Z; < CD+@N+1DAZR

r; = R4;—2Nd (5. 56)

#3520 F Bobbin FAWIAL A (5.57), Traverse Speed v = 4} (5.58) gL
Bobbin Speed w ;= 2] (5.59)2} Ztc}

DS

vy = T-l—ix r; (5.57)
Pu,
. — 5. 58
U 13 271_ rij ( )
w; = — (5.59)
Vi
(2) TraverseZ} Downward stroked =j
() j< HazeEi=1 35 .5
Traverse height / Z;;(Z‘)% T3} el
Zij(D = Zg — vyt (5.60)
Traverse stroke?] Starting position Z ;& th22} Zrl.
Zs = CD + (j—1) x4z (5.61)

7= The3h ol A3t
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m = 1 olA ~21 olN, wet  Z.—9mdz < Z; < Zg—2m—1)AZolR 2]

(5.62)%} Al (5.63)2} Zr}.

yi= md (5.62)
Y = 7’:%]" (563)

JAZ { Z; < CD+AZ ol 2} (5.64)%} 4] (5.65)7F €l

7o = md (5.64)
rt= rt, (5.65)

2|52 02 Bobbin ¥FRIFE-2 4] (5.66), Traverse speed v p= A} (5.67) Le]3L

Bobbin speed w ;= 4} (5.68)3}F Zcl.

ri = —%i—i—ix v (5.66)
U i 21; z;}; (5.67)
Wy = :iz (5.68)
) j> 53¢ &E j= Ei2 Lig, L VK-
Traverse height Z ()&
Zi() = Zyg — vpr (5.69)

Traverse stroke?|] Starting position Z ;<& T2} Zrtl

z; = CT-G-L—pxaz (5.70)

7= The3t 2ol AF
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m =14 F oN, Wt  Z;—mdz<{ Z; < Zg—2Am—1)4ZoR
(5.71)=F A (5.72)%} Zr}

7w = {((j——‘gi)+2(m—l)}d (5.71)
Y= Vo (5.72)
K—1

5 -A4Z < Z; < CD+ 4818 A (5.73)7 A (5.74)7k Arh

7w = {(G—F)+2m-Da (5.73)
7’*

;= Vo (5.74)

#|F4 22 Bobbin WAL 4] (5.75), Traverse speed v = 2l (5.76) 22X

=y

Bobbin speed w 7= 4} (5.77)3} Zrt}.

Yi = ‘DTS‘FZX?’; (5.75)
_— va

UV = 27[ Tij (5 76)

@; = :: (5.77)
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| 6 A Double winder?] A% 4 7}
1. Double winder?] =&

Fg. 136 Double winder

(a) el

(b) 413
Fig. 137 Spindle unit
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- Spindle revolution : 10, 000rpm, - Supply package : 3kg

- No.of Spindle : 100 ea, - Motor power @ BHP

- Belt : 38x 3t{mm), - Machine length : 17m

- Wharve : ¢30mm, - Belt 3 A=IF : HEX| A Wk

- Tension roller :¢30mm.

- Driving pulley : ¢285mm.

- T/M 1000,

- Belt tension :

1,8 ~ 2kgf
(Belt tension Gauge)

- Spindle ¥ AW}k :
- Twisting direction :

- &A% : 7z} Spindle
- 3§ A4 WA £2%

AT

ZAb (%-2H)

o 53 A
No. of frame
> B
1 2 3 4 5 6 7 8 9 |10
Tension A &F(mm) +7 +5 +2.5
Spindle revolution 9, 900 9,830 9,985
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No. of frame

- Machine model : 7JUE

(1) Polyester 150D/72F

7 &
11 [ 12 {13 |14 {15 |16 |17 | 18 | 19 | 20
Tension X% ¥ (mm) 0 +1.5
Spindle revolution 10, 000 9,994
L mdAS
(AxpzA)
- Testing Yarn: Polyester 150D/72F
Wool like 135D/60F
Filament 75D/36F
Rayon 100D/ 36F
- Y =3 v Direct counting method (KSK 0421)
- Z37] : AA7] (YE Asano machine MFG. Co.,)
- 53wy - SUFAo] Winding® Bobbing] W, 71, 2132 7 In
- ZoIMI3F : “S”  "7” Twisting changable

R g 2 2
nYYY wgr g
Spindle A4 11,000 rpm
Balloon height 470mm
27 x|zt 550°
Take-up tension 15~18g
Ballooning tension 60~63g
Winding angle 20°
Hardness 85 ~ 88°

Tension adjustment

Ball & Washer tensor

20448 F AT

202
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Z3 T/M T/M #Hsle}
23 T/M
S-Twist Z-Twist S-Twist Z-Twist
785 781.4 775.7 -3.6 -9.3
1500 1492.5 1482.8 -7.5 -17.2
2000 1990 1976 -10 -24
2500 2487.5 2470 -12.5 -30
3300 3283.5 3260. 4 -16.5 -39.6
3,900 3880.5 3853. 2 -19.5 -46.8
(2) Wool like 35D/60F
1728 % 'EEE!
nYYY §", "z
Spindle 2 A 4 11,000 rpm
Balloon height 450mm
Z7] x|z} 600°
Take-up tension 15~18g
Ballooning tension 43.2~45.9g
Winding angle 20°
Hardness 65 ~ 70°
Tension adjustment Ball & Washer tensor
XAEAE F AAAT 20+
27 T A& T/M /M H3}gk
S-Twist Z-Twist S-Twist Z-Twist
785 782.1 777.3 -2.9 -7.7
1500 1494.7 1486.5 -5.3 -13.5
2000 1992.8 1977.4 -7.2 -22.6
2500 2489 2473.1 -11 -26.9
3300 3286.2 3265. 3 -13.8 -34.7
3,900 3883 38565.9 -17 -44.1
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(3) Filament 75D/36F

BREE gz
mel g ST, 2
Spindle # A4 11,000 rpm
Balloon height 440mm
Z7] Azt 550°
Take-up tension 15~18g
Ballooning tension 38~40g
Winding angle 20°
Hardness 83 ~ 86°
Tension adjustment Ball & Washer tensor{small)
2444 F AeANT 202
amers Zgd% a4 Wy
S-Twist Z-Twist S-Twist Z-Twist
785 780 772.3 -5 -12.7
1500 1490.3 1480. 1 -9.7 -19.9
2000 1988. 4 1975.3 -11.6 -24.7
2500 2486.8 2467.9 -13.2 -32.1
3300 3281.6 3259.2 -18.4 -40.8
3,900 3878.8 3852.9 -21.2 -47.1
(4) Rayon 100D/36, 2%}
R FEES:
AR “s”, "z"
Spindle FAS 11,000 rpm
Balloon height 450mm
Z7] 2jAz 700°
Take-up tension 15~18g
Ballooning tension 40 ~45g
Winding angle 20°
Hardness 83 ~ 86°
Tension adjustment Ball & Ring tensor
2474 F A 205
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S =3 TM /M H 3

L7 T S-Twist Z-Twist S-Twist Z-Twist
785 778 770.8 -7 “14.2
1500 1487.3 1475.5 -12.7 -24.5
2000 1983.6 1970.3 -16.4 -29.7
2500 2479.1 2462.1 -20.9 -37.9
3300 3275.2 3253. 8 -24.8 ~46.2
3, 900 3869. 4 3845.3 -30.6 -54.7

3. Winding A ¥

Winding A8 ¥ 249] 7zt ZAo] ulel £33}ed o] Digital tension meter(SIMPO,
UdE)E Yarn?] AL FAFsIPLon, Tuj?] Spindled] £%2} Traverse & HAS
S35t 278 139% VWindingd wje] Ajzto] tfd}o] Tension ®HE, Spindlez}
Traverse2}?] HEHAAE AHelstodrt. Tension 50gl.® AASHEL o A]ZrAo A
Tensiono] ¢}zt A uUehd 212 g A2 oo 7AZRA] A HelE =377t
28] ZAHZ BzHch F32 AdelollA e Tensiono] A §3H 2 MF 5 F909 %
22 71A A vlF F Yarn®] EFdol &3t Ao F ivtHr) Traverse $E&= A2l o
A3 JelE fAsIY 2, Spindle SEE A|7to] 2| doj wle} vj€F o2 Asigc)
o] Z{ Pirn o] Ao wel Tension?} UF £EE AF3}IA 3171 $13to] Spindle
HEE AFLE AHolgt Zlojth 17 1402 23 1392} 5UFF Tensione 37} A
Aol Uehtar, EFF Spindle 52| njadt BEFUL A%, Yarnide] 52 F9] BH4
of 21g 71A] Qx}et BZtHct. ¥bA Traverse?] XM EE YntstA zhAsiact

Table. 24 Test specification of winding

3 & Yarn ol A
Yarne] &&/ Polyester
Yarn count (denier) 300
Yarn weight(kg) 0.5
Yarn speed(m/min) 600
Traverse stroke(mm) 240
Traverse 3}3H3 10
Yarn layer?®] Angle(degree) 20
Bobbin 273 (mm) 42
Pirn A} 2
Yarn weight XA} 5
A A ZH(min) 23
23] BobbinA! Z (mm)d A /&7 69/63, 69/67
Tension(g) 50, .30
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TENSION(gf)

45 A, - 1
0 5 10 15 20 sl

TIMEGMIND

250

—— Traverse
o0 N —— Spindle |

- )\\\kx‘

50

TENSION(gf)

0 5 10 15 20 25
TIME(/MIN)

Fig. 139. Various tension and speed for take type

at yarn speed 6000, Tension 50g

35
30
25
20

15
10

TENSION(gf)

0 i g 1 1 1
0 5 10 15 20 25

TIMECMINY
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250

~o— Traverse

B 150
[
Z 100 \
'_

50

O L 1 I3 1

0 b 10 15 20 2h
TIME(/MIN)

Fig. 140. Various tension and speed for take type
at yarn speed 6000, Tension 30g

4, Blade?| njrA ¥

7t A"

< AYol AREE nfRAIHL £ JpudFe] AMEEIL = Spindle unitd] FEEY
Blade X|ESUJ2E A}E-3tgon xR E ¢35mm BHE 717417} 5t = Apgz7Ao] uleid
233 dHeS THUE stn AAlsiart. ojuwje] FERALLE AR Ao wA
sl o EHAA7E Rmax=14/m o[ jE 7}23tgcet A5 33y 24 9 7[AA A
A2 = 259 F 260 Uehjdon, ¥4 @ 4= 27 1413 P}

Table. 23 Chemical composition of specimen(wt %)

Material C Si Mn P S Cr Mo Ni
susz | 0O O~ st L ooes | 0.0esy | 0T
.10 |0.35 | : ' 1.60

Table. 24 Mechanical properties of specimen

. Yield strength |Tensile strength] Elongation Hardness
Material 2 2
(kgf/mm) (kgf/mm“) (%) (HV)
SuJ2 38.1 66. 75 35. 66 HB201 |
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|

l
216H7
303 0.05

i 8+ 005

Fig.141 Specimen configuration

L} AgAH]

2 Ao A3 A|F7|E= a3 1422 Z+E Amsler type BPRA] Y 7] (Shimadzu model:
type2) 2 LR FEA Frameilof Pulley =, 315 A€W AFK, A Ag=w A
S Fopgx, HAFAARR] @ FHEA 5ol den 3L UHSHE 30-300ksf,
#d 4= 800rpmolth ¥ n]727 Geard] 2] WEto]] oJsf A|HWA X2 Sliding ratioE
HWEAL £ J=F 5ol 9t

ol Aguy

APL 453 315 RS 54T ARE 2YsI AHSstadnh A¥2AL AIEY
&% 800rpm, 3IER AL 40kg( 0=49. 72kgf/m2)S UH3}FL 2 1), Sliding ratio
9.09%, O%of tiste] F&¥ 74 W KYAelE 3tdon, AT {Ff= SHEEL/
Getriebe OEL HD75W-90°|ct A2 AZAIH, 3FAIWLE st npRa2 APx7|9
FA £ nfRA(HAF)E AES F AW BAE FL=It 107red AXAE
(Swiss MetterA} Model H-8)& AMg3tel FAsta ABAFY FAY Aol& nfRIYo T
stoict. AAL FAZHE EH o|EAS AASIIL ARo] st nprAdy A
Foll 3-537 253 MAS 3tFof AR Fof At nfREAPEF] AgEH
TEHL FEHPu 3} FAEXIER A (SE) o2 A on, EAAA LS9} vlAAS
L 7](Micro-Vickers hardness tester, Japan MitutoyoX}, Model MK-1)E o]&3}o 3=
25, A7t 152 R sto] EHORRE[Y HEILS At

gl A¥dz 9 2%

(1) nprA e et npRgt

28 143% SUI2 AEE A7) 51 AHo T slo] YH3IE 40kg2 E Sliding ratio
9.09%, 0% AA]efollq Azt Ajolct. nprak2 4 31% A FAS U3t 2o
FAstgct Sliding ratio 9.09%0lA = 80X10'71x]= UA3 &8 Zssitiz}, 2 o]
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Foll= FA81A ZUlst= RS Hold, Sliding ratio 0%o A2 upRF2 40x10'7}
2| ulAsA F7isicil, 60X10%0ME o7t ZtAst Fof thi] AT 718 UehiY
3 mpRFL of wvio g FolEdrt. uield AAntE MM utRAI FUHESSF
Sliding ratioo] 45 nlR o] Frlst= A& ¢ £ Jdon, njra}e FH2 Z
Z 7o) A Sliding ratio2} 22 F7]of wletr] = 3}3ic)

I% 1442 0ilFolA Sliding ratio 0%, LE3E P=40KglZ 3} Bladed iR
SuJ2of th3t mpfRAVANE Vepd Ao Folr} SUJ2: npRr AL 11 X10°7Hx] nprake
zlo]7h Yot AR K2 FUIR F niRgo] AT FMAeist Uehd ZeE Ko}
Z7|REAE 11X10° nt2A 7= Zes Azidch 23 1442 ZAAnmz 2A
Hlashd utr2 of 206B% FUI3 AL & $ glon, X7|njRe A7 niR
AE ZojA Zg o 4= glth. 22T Bladed] $FRAL UAT ¢ty slofA] AW
g HAS " 5 UAES JAFH ZAS npsisjor ¥ Zojr)

o

1 | Motor 6 | Gear box 11 | Valve

2 |V - velt pullet 7 Specimen 12 | Weight level

3 | Pulley shaft 8 0il tank 13 | Coil spring

4 | Worm & wormgear 9 Trochoid pump 14 | Handle

5 | Counter 10 | Clutch 15 | Weight gage
Ultrasecnic cleaner Electronic balance 16 | Sliding gear

Fig. 142 Schematic diagram of wear testing machine
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(2) nirAE2 B =

33 146+ 13 144004 nfRAHZ Awe] FHORFE FURR
Ehfiict. ARAY H=wds Aol AT vk, AR A
Bt A4 yetdch npRAR 7 22 A B ZojA$F F7hA|
o = e, oA AP UntEd} UFsHFol % XA FA3fet YT &Y
F7tof] 23t Aoz FziHEct EE utRALI St mel ZeEste nAMsHA F
Z¥std e}, 2 xtole gt I3 1472 Y 145004 nfRAEI AHY] EHALEE
Uehl= 222, nfRAg wE Zxe 2 ¥Hiles glden 82 7/ el 43
F ZhE Rt 0ilFolM nfRiE npEALrE A3y nfRE2L npddol] oile] o3
HAAR Zeg Hojn, ZAAlntRolA npEdz} nfRFof o3t Aol A L3512
d2 AoR A7)

1800

1600
4

Yo 1400 P
- 5
x
X 1200 /
g .
m 1000 - -
2 i
2 600 ®
g ]
3 ) /
400 /.
] 3
200
4 ./
0 T T — ¥ T T
0 2 4 6 8 10
Weardistance(rpm)x 10°
700
TS
600 /
*
500 -

Weight loss (gr)* 10

; ./.\.
o @—T7"
o}

4 & 8 10
Wear distance(rpm)x 10

2
]

Fig. 144 Relationship between wear distance and
weight loss(dry, P=40Kg)
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Wear distance{(rpm)x 10°

Fig. 145 Relationship between wear distance and
weigh loss(oil, P=40Kg)

900
wear distance
850 b4 —=— pre-experiment
. Q\ —e— 10x10
800 N - cnde— G X10
< 1 v/& \ e —w— 1x10
X 7504 \ @
= ] \\ \ For gy
2 7004 -\\ \\ X'\ .
f=
% 650 \\ v7"\.\ / STe
4 O et
L ] . \_74
600
550
500 T ¥ T T

20 40 60 80 100 120 140 160
Depth length(mm)

© .

Fig. 146 Relationship between wear distance and

hardness(sliding ratio 0%, dry, P=40Kg)

80

70

60 *—®o——e—®—o—eo ®

50 -4
40

30

Hardness {H C)

20

[+} . 5 | 1I0 ' 1I5 ' 2l0 ' 2‘5 . 310
Wear distance(rpm)x 10°
Fig. 147 Relationship between wear distance and

hardness(sliding ratio 0%, oil, P=40Kg)
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(3) upmAlEe Wulg B

73 1482 SUJ2 AEE  AIST S1E Ao sto] LYIE 40kgl S Sliding
ratio 9.09%, 0% ZAitejola APF AW FHE HL ApFe|r}. Sliding ratio?
ztolof oJ3to] mtme] Fro| Xjolrt UAsiY, nfRA|I} F7tESFE EHo] AHof
AAA HEI FAES #FWY 4 vt ol FAL UHsHE HAunHo] 23t
g7 A el AL §7 nfR27lo] AAL At QA F-Fo] Qloixn,
utRFef] 2J3t Zos AziHct E3 ulREAN] 3,000rpmd] 2 uvitRA oA FHZA
8] AtEHEo] 8,000~10,000rpmoll A= FAQ] AtstEo] QAo 1 o] F= A2 HEr}
ol FEHARE Uehdxw $2 ulR, 7|AA ulRE Aste ntEHAE &3 A
ol Uelyict. ol mtR ZIIRtAMAME uA3t nfRrFo] FA| itslste] Azbe] Ats}
Aol Hol ntrwe] 45900l "o WL FHFAE WAE 20T Py FA
o A EE nfEHe LEAQGOR QU AEHEE e Weld Zog A nfRHe] B
Syt 28-S nirzlo] AL Aow AT} Quinnd “The effect of hot-spot-
temperatures on the unlubricated wear of steel”oj|A] A ZAAQ] AIZ}E-L2 Fey0;, A2
AHEE2 Fe007F F/dFolelal Bastaict.

f
c

hits
[o

—u
Hz

o
et
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25¢0 %209 3193 T85.8U DOKER

10 X 10* rpm

Fig. 1486 Wear surface of SUJ2 specimen(dry, P=40Kg)

ot A

flo

1o
L e

A4, OilFolAe atZ AN R A 3t nprg
A dAH ez FIsta, 0ilFoA npRa2 Axlox
5123423

24, 0ilFolA Zt zfFEof oyt npRE Xyintz F FAnRsl APEHE AS
g = A3 OilFAE AAZANNA R} ufRA 27} EoldE o4 drh
BEAGME AAZANN Z7AET ZItstden o] npz i Atsie} u}
ol 23t 1o AZEN, 0ilFolNE ntRA o] BAl A5t
Algd=ie] dnlgd oML AAntR AP oME Sliding ratiort Yo niR
=2 4¥E U3 unPZo] koW nfREI siFo] 23t AMcie] Fgow

3
2

&
o&-{N
:L

m‘“‘°
N

i

TRY FYUATE BHYS Jdout, 0ilFoNE utRAI Frigdel wet 3
ButR gejd utRHe Pz} RS WAYS ddrh

utetA Spindle unitoAEe FW3I J1ROoT EAAAIL AEE FAAFHA,
0il1FolA Sliding ratioZ} A TS $ UAEE 3y FHLH S A3}
gic}.

21]7§€§

=

FARE 23pdxe] A $UY AAZA T2 ATAY Ae the Prh

- Tw1st1ng spindle 13]3#0o] 23]2] Twistingo] A F o] Traveller®} Ring +52]

Twinding spindleo]]l 2|3} Doubling®]= R4} Creel feeding system?] &2
2 439} Bix}l £22] 33871 7153 Doubling formation X Servo Ao}
Traverse unit®] 6%2] 3} AL A R-K Double winder A A|/=)|3}
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- Large package®t2} Zdof A2 AL Fo¥ + gl Ne-D Y 77,
Rotary disk®] Z3& Cr plating(SUS304) & Yarn Q2] W& AMo] Z2EXH Yarn
guide B¥Rx]2] Conical®} Bolster ¥ ERQ] Spindle unit dA/=]2}

- Tensor?| %¥3F, TensionZ} Ballooning &4} 52 Yarn EAA L o]E3FoE A
215}od Fuzz ball, Broken pick?] Yarn troubleg 3l43}3, Spindle unit®] ti-&
2ol 345 HA] AAIE 2|8 Spinning running tester®} Balancing unit®l
A A /=) =}

- 50~380m/min®] Stroke® ZA%=3}o] v ¢427}A] WindingZd & 438 4 gJ=
Servo control2} Cylindrical cross-camol] 2]3t Traverse system XjJ-&

- Doubling mechanism?] 314532} o 8PS 913 Progrand] 7 4 3 go= o
A s 27

+ Tension #|o] Spring Ad A& Program
+ Spur gear 34 W A8 Program
+ Traverse cam 3§24 4 A AL Program
- 53(A84) &d
- ARTIAE 25 A WHA IFE 2H
(8210, &UWI ¢ 20-2002-18696)
c ARTIAG HE RAZeH (M-S, FUHE : 20-2002-18844)
- BAL QAR (LEES], 29HZE : 10-2002-34506)

oo 2 ArA} 68§ kgt 18,000rpm?] 1<% Double winder?] ZZHAMA 2 A
A71eE€ FYsiArh olt AIIEE, Hor|g, dF7IHe]l A YEAAZ F
=3 Z]JHEccka B £ o). EF b AASEe] HHEE Doffing systemo] H-2HH
Computerized double winder?] At} sjulof 7]§te EE 4% Twister, Covering
machine's A #EH]7] @ Shuttless loomo] that 7|&x}elz}l 2 AAEY 3o A= F
£ 2.
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E
tJ

g

I'-I[[

ANl 4 &

_IH]

Eé;)k

I'

A1 d AWPUERE Y=

A=d AN B
O HF==E

=40l AR T o8 7199 o] mAadE Fol 3 I Yarng FASE

Double winder A4 @ AHZ}7l& 7y
- Spindle revolution : 15, 000rpm,

Twisting range :

1

- Take-up package : 3kg,

1

- Traverse system : Servo control.
- No. of spindle : 48spindle(24spindleX2),

O d=xd 7ugs
- 1xpd =(2001)
- 63} 3} A} A ZL Double winding mechanismd A
« YarnA 534 & Spindle unit AAA 7|& Fel
- Spindle unit AdA/#]2}(3kg, 18,000rpm) '
- 2XPA X (2002)
* Traverse unit A Al/&2}(Servo#|o], 50~380mm)
« Simulation program W A SH7t J1& 7y
+ Double winder #]3}(6%}, 600m/min, 48spindle)

ofolle] 7| =

fr

50 ~500tpm

Yarn speed @ 600m/min
Driving motor : BHP
Doubling : Max. 6 yarn

> 3kg, 18,000rpm& Spindle unit?] Model %A

7+ B F oA 2 FH =

1xpag | Spindle unito]l th¥t PR32} Feeding yarne] HAdsie] cigt
= ol22 W Al&A uhHel E}TiA

(2000) 123 2 Ad3 i el

2Ad = unite]] cigr FH¥YAd
(2001) |- BeBItel AR} Ao YA
o AAAFI vizEZAE HU)

o 600m/min®] Yarn speed®} 380mm Traverse stroke 2R Traverse

#£H7} | 68-% Double winder?] 143}2} cjLaks}o] cjst &gty 1
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ATALREA LY E

299 n A e
A7AL BE Lﬁzgﬂéﬂ A5 g Q‘}(Z)
- 6% 3lAdAa} A ZL |- Double windingZld A 100
Double winding |- Yarn guide A (vj%], g4,
mechanism’d A A =)
63 Baal | Yar.n 7‘1%311.*4 EUE Supgly package?] WjF-¢E #4 | 100
qz8 ?pmdle unitd A (Tens1fm, Hardness) .
3f A - Feeding yarn?] #3, Ballooning
Double R PR
winding - ANSYS®] Subspace®¥ FHL& 15
mechanismn®] AE4 3|4
NN27NeRY - ANSYSE A}g-%t Spindle?] $9,
U Spindle fe bl
unit A7 - Doubling parameter =2
/== . . i
- Spindle unitd A |- Yarn doubling process 413& 100
U =] 2H(3kg, - Spindle unit X]<=Z 7 /Modelling
18, 000rpm) - Spindle unit A&t
- Balancing tester %}
- Spindle running tester A2}
- Traverse unitdA |- Winding algorithm &7 100
/A& (ServoA o], |- Cylindrical cam/Servode] %
50 ~380mm) Traverse unitA 2}
- HBAF-E AAl/314-8 CAD program
1 Bl (Tension spring, Spur gear,
63 At Traverse cam)
HZE
Double - Simulation - #3& Doubling process 413 100
winder 2] program ¥ 4% |- Blade?] T E/ulR 3{4
ARZ ) Bt Jle - Yarn E4A8
L HA%, mAAS
« Pirn B4}, Traverse X%,
Spindle 4% &4
- Double winder#|2} |- ¢4 E FY 100

=
=
/g5t dabsgel ITiEE 37 Fol Ug
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] 2 A 7l JH=
- 63} A} A ZE Double winder?] A 4 AHZ7|& gl
- Double winder?] A @ A2r|&2] Y2 ZAFY fFT A HE
- HAER] HAMAE T N 2 Hipvle 3™
- 63} A} #ZL Double winder?] 2} 2d 7Lz MAR71A Az JH&43
e
- =22 Double winder?] A} % A Wl £Z2F T Algdow bR
- 539 HE=E wjHsde] A3
- =EAA
RS EE o83 BT S &7 F5EL M AT FAEA
A, A LYLEI FAS&IE, 2001.
- iG] ¥t HAMAIE AME HAdze] oE A& Traverse
Cam?] ¢HE/do] A3 A", IIA7IAAFH, 313, 2001
- 53 (A8 24
c ARTIAE 2315 HA WdA 338 Z2H
(A0 ZUMT : 20-2002-18696)
- AR7IAE HE SdZel (A8, EUHZ ¢ 20-2002-18844)
- B3} AR (UEES, 2UHZ ¢ 10-2002-34506)

rki
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I

N 5 & dFoggdate] g3

A1 A LAY
- Double windere] tigt = HASE HEZT Doffing systemo] F-3H
Computerized double winder?] =At3} 7iwt
- HARE F445 sl A A
- 4% Twister, Covering machineS A& FH|7] W Shuttless loomo] thgt 7]&

2zt SAZRY 3] #E

A 2d 7198 F23 et

. - A g B oA H(HAEL)
T U
2003 2004 d 2005
Ap 4 3 = 63re] 3} A} #|Z8 Double winder
=4 2 B 1.5 3.6 5
=z} |zl g W Au]Fx}y] 30 50 90
AR A4 & o 10 25 30
H A 4.5 78.6 125
A A AF 40 60 120
_ 1= I 17 17 30.6
oA T & 30 60 135
(o o) "
Al 47 77 165.6

- 20031 BHIZIF Ak I3t 2 o X Fo] HA - AF VR 532 APBES
npRejste] FE3 A S0 w2 A5-dAC g FAAL s L 7Y A
d32 2wzl =071 AEd ol 3% 5 MMEEAFLEY FEHUEs &
£ KORTEX, ITMAo] &8st MAFLE3}2] AL A= AY.
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N 6 & APl olMe ~&BF sl
- ITMA Asia®] 7122, £EQJYJA, CD-ROM
- International Textile Machinery Sipment Statistics
- Textile and Machinery Magazine
- AT.A, 8-9. 2001
- International Textile Bulletin, 4, 5. 2001
- Nonwovens Industrial Textiles, 3. 2001
- Textile Asia, 9. 2001
- Industrie Textile, 9-10. 2001
- Textile Machinery Buyers Guide, Germany, 1999/2000
- AR{71A Maker?] &3
2 1, 29 Setoll ARe] Makerzt i Ajo] MBI glvt. 19979 Asia A%
7] olFE  MAFoE M{IIAANZL A A7) wiEel, ¥FH AR J|&7)
U4 59 - e - RRFZ Axlo] 2ste] wo]AE 7He] X ¥ ZAAJeolA S
7t BHA Uehin gdeon, 232 AEFEAY e FIHog 3 gFAF, uie,
38 o] 53] Europe?] MakerE Atolojla FkstA AH7iEl2 2t} SpinningEofoll A H
AR 71%5-2] MakerE uf3te] 7|59 tld3lE 73t= 7-9-%f, Non-woven fabric « ¢
A 7tgRoloAl Vel dlel Zo] ME tlE ZA 9 Makerst A F3le] gl S 3
Hote] g3 st A9 BE 27149 2 AWS Uehdch
+ Rieter-Scragg?] ¥} %l (Man-made filament & fiber processing machinery)
+ Barmago] Saurer2Eo] pfj4>(Man-made filament & fiber processing machinery)
+ VoukZ} Marzoliol] &4 (Cotton spinning machinery)
« SKF?] M-G71AH-2o] Saurer2E2] Tex partsol <A (Spinning machine?] Draft
part, Spindle)
+ Zellweger 2} LuwaZ} 383} Zellweger-Luwa(H®, YarnA|@7|1715F, Z2REE)
+ Picanol®]| GuenneZ vj<4=(Shuttleless loom)
« Sulzer7} Nuovo-PignoneZE vl<>(Shuttleless loom)
- ITEMA group®] Sulzer, Somet Vamatex(Shuttless loom)2} Savio(A|ZFH|7]) &5
+ Toyodax}5-2l 7] 7} Nissan®]| ZA|AE Z4(Water-jet loom H-&
« DSG(Germany), NSC(France), Fehter(Austria)E <$412] 3 Groupl®E A
(Non-woven fabric)
3 2lof AxH]-§ AZE gl FFE ¥R st APste FAHS FYAA

4 = 2] (East Europe, India 5 )L.8 o]A3}l2 9= Maker® T}
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