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I SUMMARY 

I was selected to work at T.K. "DUNAV" • Yugoslayia 
as a member o.f experts under UNIOO programme. 
I was expected to assist Duna~ ~s at3Ytured synthetic fibers 
teehriologist. 
I found the foll'"!_ing: 

trilobal polypropylene textured filaments are used 
as a carpet material. 
round polyprop7lene textured filaments are not 
accepted as a carpet material because o.f poor quality. 
round pol1Propylene staple fibers are used as a carpet 

·material. 
polyamide 6 filaments are well reeeiTed as new material • 
.filame~ts are very profitable but staple .fibers are not 
so. 

nunaT !?ad already produced round textured polypropylene 
filaments and staple fibers. 
DunaT baTe a technology" to produce round polypropylene 
fil~ments and staple fibers. 
But Dun.av had not "Y..now How" to prc~uce trilobal fila~ents 
and polyamide 6 .fila~ents. 
So nowadays Dunay could not produce textured filanents and 
produced only staple fibers. 
Newly constructed filament machine "Bar:nag line" did not 
begin to produce becausa or many problems, especially low 
productivity. 
I often had ~onferences with Dunav top m9mbers and '.liscussed 
about these problems and improvement methods. As the result 
or conrerences. I mainly- \ concentrated on the production of 
trilobal textured filaments of polypropylene and polyamide 6 
by the exi3ting machine. All works concerning the project 
were carried out throught Mr.AC/.NSKI and his line who is the 

4 

director of production departments. 
As the result, all recommendations for process, equipments 
and managemento were carried out without di.t!icultie~. 

1 
Ill 11 I 

I 



In order to get the best improTeaents, !often obtained many 
technological data and process "Know Dov• from the biggest 
synthetic ribers manufacturing company in Japan "~oray• 
where I have been engaged in working. 
These informations fro• Toray were Tecy useful .and practical 
tor remorlng problems and taking actions. 
Nov Duna..-began to produc& the most profitable trilobal polyamide 
6 textured .filaments by the existing machine and bas •Know How• 
o.t trilobal polyamide6 and polypropylene textured filaments. 
~eanvhile Barmag line bas been continued to test pol11>ropylene 
filaments instead of polyamide 6 by Barmag and DunaT engineers 
and began to produce trilobal polypropylene textured filaments. 
It is important that DunaT hereafter produces .filam~nts of 
good quality. 
So I have provided more than lo recommendations to get better 
quality and. hi:sher quantity in the future. 
This :i;plies process and equipments improvements for polyamide 
6 and polypropylene and laboratory manuals and quality 
control methods for polyamide 6 filaments. 
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II INTRODUCTION 

Dunav was :established in 19~5 with the aim of processing 
hemp, jute int~ finished products as textile and packing 
material. DunaT is situated at Celarevo 1 ·i;he s'!lall city is 28. km 

far troa NOVI 3AD and is about lookm northwe3t of Belgrad. 
Dunay has expended into processing of sisal and coi~ fibers 
during the corse of its devalopmeuts. 
Now Dunay produces the following : 

synthetic fibers an~ fil~ments, se~iheckled 
spinning mat~rials, flockad products, 
sissal, jute and oakum ~roducts, 
raffia and polypropylen:? and polyetilene ropes, 
teebnical textile fabrics and wrappings, 

Except s;;nthetic filacents and staple fibers, Dunav has 
a long history and a lot of "Know How". 
A::i.d IhnaT _,_intended :to produce .sj?lthetic filaments and staple 
fibers for the devel~pments in the future. 
As 1st step, polypropylene split film process was introduced 
at the leyel of 800 ton/year in 19?o. 
As 2nd step, polypropylene and polyamide 6 filaments and 
sta,le fibers processes were introduced from Reif cnhauser 
~est German and ~ackie England respectively in 1975. 
The production capacity is 1000 toe/year for filaments 
and ?oo ton/year for staple fibers. 
As 3rd step, Dunav constructed a new machine for polypropy
lene and polyamide 6 filaments from Bar~ar; ~!est German in 1979. 
But Barmag line did not produce on schedule because Barm9g 
could not achieve ! the guaranted figures. \ 

When Barmag line begins to produce, the production capacity of 
DunaT will be 2500 ton/year for filaments. 
The market of filaments for carpet materials requests 
trilobal polypropylene textured filaments or pclyamide 6 
filaments. 
But Dunav had not "Know How" to produce trilobal polypropy
lene filaments and polyamide 6 filaments. 

_j 



i 
It 

' 

L~--11.----

Though Dunav had produced round polypropylane textured 
filaments and staple fibers and filaments are profitable, 
Dunav had to stop the production of filaments. 
All products are delivered to domestic customers. 
Dunav has a strong wish to produce fila.nents of good quality 
for a carpet saterial and to sell them to fortign customers 
as well as domestic customers. 
When I came to Dunav, the urgent problem W9.s to :produce 
trilobal filainents especiaP.y trilobal polyamide 6 filaments. 
UunaT is expecting to expand synthetic filaments and staple 
fibers after urgent problems are removed. For these envirou
ment, a long range future plans are not fixed · cleai-ly. 

1 ORGANIZATION OP DUNAV 

Dunav consists of three big departments and one supplementary 
department \·Ti th total of 1500 employees under general 
director Nr. LUKIC. 

saies _ 1
, department 

Drr".'AV 
-{

Production . department 

u... lJ!anagement department 

motel supenna.rket \ depart1Jent 

~roduction QCpart~ent is the bicsest with 1200 e~ployee3 
under directo!' ~-ir. AUANSKI and consists of four divisions. 

froduction rlastic- ~ivi:ion 

{ 

Synthetic division 

dept. Hemp ; ~c.d sisal cl.iY:Vsion 
Maintenance division 

Synthetic ~ivision conAists of fiv~ sections under 
manager Mr. KECfJ' .. A~'i. 

- Staple an,d filament FJec. l>y Reifenhi:iuser,i•lackie·~--

- Filament SP.ct. by Bnrma~ 

Synthetic -- Space dye sect. 

d.iT. - Twiatin~ sect. 
- Flock oect. 

4 
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2 OUTLINE OF MACHINE 

Dunay has three lines to produce synthetic staples and 
filaments namely Mackie line and Reif enhauser line and 
Barmag line. 

a. r1ac!tie line is the equipn,,!lt to produce staple .fibers. 

Extru.der 
Spinning machine 
Drawing machine 
Heat setting machine 
Crimping machine 
Cutting machine 
Bailing machine 

b. Rei~enhB.user line is the aquipment to produce filam~nts. 

Extruder 

Spinning machine 
Take up machine 
Texturizing machine 
Twisting machine 
Rewinding machine 
Cutting machine 

c. Barmag li·1e is ne·,.;ly constructed equipi::ent to produce 
filanents. 

Extruder 
Spinning machine 
Texturizing ~achine 
Twisting machine 
Cylindrical knitting machine 
Space dye nachine 
REwind machine 

5 
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III FINDINGS 

I ba7e beeu brie~ed by r·:r. Cshio who works 3t Toray 
' 

Industrial I~e, Japan and is one or my colleages and 
had already bee~ on missi~n to Dunav for one mo~th period. 
Besides I have a lot or meetings with top mem~ers of Dunav 
to know real stst ;!S of Duaav and t':arket conditions of carpe:; 
materials for t·.vo w~e!ts aftt.n.· ::ry assii!)tl:nent. 
AS tba result of the$~ examinations, I ~ajorly co~centrated 

to improTe quatity and productivity of Reifenb~user lina 
and to produce trilo!>!!l filamfnts by the line. 
S:> this !in.dings consi3t or four items na:nely market condi
tiona i!l Yugoslavia, examination results or Dunay, im:;>rove·· 
ments 0£ Reif enhauser line a~d producticn or polyamide 6 
filadients. 

1. Market conditions in Yugoslavia 

f::ar!tet conditions for carpet r.iaterlals in Yue;oslavia ere 

the followings. 
A lot o~ pol;nropylene textnred filarne~ts and staple fibers 
are used es carpet w1terials ~nd poly8mide & textur-~d 
filaments arA well receiv&;?d as a new ~at~rial. 
~rilobal polypropylene t~:'=tured filo!r.ents a~e used but:P 
rot.Lnd. :r_.;olJ'I)r~'?Yl3'.l.e textur~d fils;r.ents ara ~ot uGed as 

a carpet material because cf poor quality. 
But round polypropylene staple fibers are usea as a ce:::pet 

materials. 
~extured fila~ents nre very profitable but staple fibers 
nre not so. 

6 
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2. Examination results of Dunay 

A State of process 

a r-:ackie line 
This line has produced round polypropylene staple ribers. 
Yarn breakings and machine troubles are sometimes observed 
but not so. 
The productivity of this line is the best in thI.·ee lines. 
The quality is comparatively good. 
Actual rate of the operation is estim~ted at 9o~. 

b Rei.:!enhauser line 
This line produced round polypropylene filaments. 
The productivity of spinning machine was low due to a lot 
of troubles. for example polyraer leakage from the extruder 
and. ne.Y.l..r:ud.er stop" and due to bad operation conditions. 
Nany twin. yarns were observed in wound drums. 
The productivity of this texturizing machine was also low 
because of yarn breakings. 
Yarn breakings were due to twin yarns of spinning machine. 
Actual rate of the operationwas estinated at ?o~. 
Another big problem of this line was this line has produced 
round polypropyle~e fila~ent~ ana the fil3mants were cut 

into staple fibers. 

c Ear~ag line 
This line is the equipment for polyamide 6 and polypropylene 

filaments. 
; 

This line was:newly constructe~ but did not produce filaments 

on schedules. 
Barmag engineers h~v~ continued to produce polyamide 6 trilobal 

filaments as the gurantee test. 
But there were many yarn breakings. 
Barmag could not acheive the gurantee figure for this line. 

7 
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B LeTel of operation and maintenance 

a Lgyel of operati~n 
Three slJift s~stem is adopted for the production of these 

three lines and about 180 workers are engaged. 
Op~rators work hard and have the attitude to keep exactly 
indicated o~eration methods. 
But they are often changed their post so they can not be 
skilled. 
And they haTe little knowledge aimming at good quality 
or high produetirity. 

b Level of maintenance 
Three sbift system is also adopted for these three lines. 
Five mecbanicians and four electronicians are working in · 
these lines. 
t•iechanicia:::.s are well skilled to I:lainta.in the nachincs but 
not so trained to improve raachines. 
They cave a little attitude aiming to high productivity. 
But electroniciaus are not so skilled except a excellent 
er..~ineer. 

They are not trained about actual oachines namely are 
lack of on_the job training. 
Iroduction :!la~hi:ias were ao!:eti:::es stopped for a few hours 

or days b~causa of production nanaBement namely lack of 
spare p3rts. 

c LeTal or production manageme~t 
The average quantity of productions was 700 ton/year for 
Reifenhauser :line and is 600 ton/year for Mackie line. 
These figures' mea-. 7o ~') of Reifenhauser line capacity 
and 9o % of Hackie lino capac:•.ty. 

8 
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The average rntio of running cost and fixed cost is estimated 
respectively about 5o~. 
If Dtu~av coulc produce till raaximum capacity of Reif enhauser, 
the cost will be reduced to 85~ of the pr~sent cost. 
To obtain better quality and higher quantity, it i~ 

in _need to approach systematically improvements of process 

and equipments. 
But total systematically approchI!lents seem to be not enough 

in general. 
Some of en3ineers and ::nanager.s ofte!l change operation condi
tions to see only quality data and yarn breakings without 

the exa:aination of true reasons. 
They are unskilled to examine fact3 and true reasons. 
If they vould be skilled to observe facts of proce3s and 
equipm·:mts and to think true reasons from facts and to make 
plans remoTing troubles from true reasons and to test the 
plans and to feed back the results, they can get better 

quality and hiGher quantity. 

9 
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3 Improvement of Reif enhauser line 

A Decrease of machine troubles 

For iwprovements or actual rate of the operation, it was 
important to decrease machine troubles of the spinning 
~Bchine especially polymer leakage and extruder stop. 

a polymer leakage 

state: Polymer leakage at the point of the extrud~r arrised 
from too high pressure in the extruder tor a week or 
two weeks. Then they stopped the spinning machine 
and c~nged t~e filter and seal packing of the point. 
They could not produce about one or half day tor 
the maintenance. 

reas~n: The specification of the filter was too fine. 
The strength or the seal packing was weak for the 
polymer pressure because of aluminum. The polymer 
pressure in3ide the extruder raised rapidly and 
seal packing was deformed and the polymer leaked 
from the point. 

action: took off the !ilter. 
changed the material of the seal ! acking from 
aluminum to bronze. 

b extruder stop 

states ~en the extruder worked normally, the extruder stopped 
suddenly. Operator• could start up the extruder again 
without any actions. 
But a lot or waste occurred by this troubles. 

reason: The temperature of the extruder cylinder was not 
optimum. 
The upper limit ot the motor driving extruder was 
a little low. 

lo 
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action: 

result: 

changed the temperature of the cylinder to 
optimum condition 

cylinder AMOCO polypropylene BAS:i!' polyamide 

1-1 260 oc 210 oC 

1-2 270 230 
1-3 270 250 
1-4 270 255 
1-5 270 260 

1-6 270 260 

changed ·upper limit of the motor from l? amp to 
18 amp. 

The problem of polymer leakage is removed perpectly. 
The :problem or "extruder stop" is remoTed .for AMOCO 
polypropylene and Basf polyamide 60 
:.ihsn Dunav uses another materials, Dunav had batter 
test optimum operation conditions. 

B Decrease of yarn breakings 

For improvements of the productivity, it is important to 
decrease yarn breakings of the texturizing machine. 

state: Many yarn breakings were occured at the position 
of 2, ;, 4 goddet rollers and texturizing nozzles. 
There wre a lot of twin 3arns ;1t the point of 

yarn breakings. 

reason: The operation conditions were not optimum. 
Pack filters were too fine and pack bolts were 

too small. 

11 
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So ma~y polymer leakages were occured from packs 
especially in the ease of color chips and the 
surfaces of spinnerets were very ·.lirty bacause of 

polymer leakages. 
The attachment guides for finishing oil ~re not 

good. 
Drum rorms of undrawn yarn were not cylindrical. 
There were too many unnecessarily guides in the 

machines. 

action: changed operation conditions the follo...O.ngs as 
the result or ::nany tests for Ai10CO polypropylene. 

spinning condition 
extruder temperature 
extruder press~.re 
difil temperature 

·finishing oil revolution 
cooling air pressure 

texturizing concii..t .. on 

drawing Telocity 
draw ratio 
temperature godd£t 2 

goddet ~ 
goddet 4 

nozzle temperature 
pressure 

26o-27o 0c 
130 bar 
280 °c 
8-lo rpm 
5-lo mmAq 

1200 m/min 

3.5-3.8 
9o 0 c 

llo 0 c 
115 OC 
160 OC 

6.5 bar 

changed the specification of the pack filter and 

bolt size. 
changed guides for finishing oil. 
changed guides positions and decreased many guides. 

12 
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result: Yarn breakings a~e extrem~ly decreased. 
The -productivity .. raised approximately 5o % 
from 700 ton/ye~r to 1000 ton/year. 

I 
The waste are decreased also approximately 

' from 12 ';Ii to 8 ~6~ 

I 

.I 
; 
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4 Froduction of polyamide 6 textured filaments 

The above mentioned improvements are also usefu1 and 
practical for the production of polyamide 6 textured 
filaments. 3o we could try_ to test two im-portant points. 
one point was to decide the specification of trilobal 

spinnerets for polyamide 6. 
Another point was to decide the optimru:i operation conditio~ 
for the spinning and texturizing process. 

A Specification o! trilobal spinnerets 

When Icame to Dunav, DunaT had already ordered trilobal 
spinnerets for polyamiie 6 textured filaments. 
I examined the specification of the spinnerets and found 
the specification was not ~od, especially de~ensions or 
holes were too fine for polyamide 6 textured filamants 

according to Toray "Know How". 
I recolll?llenaed the optimum specification ~z the trilobal 
spinnerets for polyamide 6 textured filaments. 
When Dunav recieTed two type spinnerets, we tested them 

by Reifenh~uoer machine. 
Recommended spinnerets showed good results. Now Dunav 
has produced trilobal polyamide 6 textured filaments 

by the spinnerets. 

B Optimum operation condition 

We tested many operation conditions for polyamide 6 textured 
filaments and decided the following operation conditions 
for spinning and texturizing process according to the 

balanca of quality and quantity. 

14 
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spinning condition 

ext.ruder temperature 
extruder pressure 
difil temperature 
finis'!ling oil revolution 
cooling air pressure 

texturizing condition 

<L.~wing velocity 
drew ratio 
temperature go~det 2 

goddet 3 
r;oddet lJ. 

nozzle temperature 
pressure 

2lo-26o oc 
loo bar 

270-275 o,, 
v 

8-lo rpm. 
5-lo mmAq 

lloo-1300 m/min 

3.1-3.5 
8o-9o 0 c 

120 OC 

125 °c 
200 °c 
6.5 bar 

Now Dun.av has p:coduced trilobal polyamide 6 textured filaments 
by the conditions and the capacity is increased 1.5 times of 
the polypropyleae namely 1500 ton/year. 

15 
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IV RECOMENDATION 

It is important tbat Dunav hereafter produces polyamide 6 
and polypropylene filaments or good quality. 
?o get better quality and higher quantity, Dun.av needs 
still more improvements or process and eqipments. 
An~ Dunav needs also exact quality examinations of 
filaments to control tbe process. 
The reeomendations consist of improvements of process and 
equipments and the inspection manual and quality control 
~etbods ~~r polyamide 6 textured filaments. 
Dunay begin to investigate already some or recomendations. 
After these reeomendations will be carried out, better 
quality and higher quantity will be assured. 

1 ImproTements of process and equipments 

A Ageing o! filaments 

Rea3on : Trilobal textured filaments are very strongly 

crimped. 
The characters or filaments are e;radually 

changing tor Sifeek-. 

Countermeasure : 
Stay filaments for a week after fila~ents are 

textured. 

B Air conditioning eqipments 

Reason : folyamide 6 is very sensitive for atmospheric 
moisture and temperature. 
So the temperature and humidity in the room 

should be constant. 

Countermeasure z 
Air conditioning equipments should be provided 
tor the spinning and texturizing room. 
condition temperature 18-22 °c 

humidity 42-48 ~ 

16 
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C Cleaning equipments of spinnerets 

Reason : Dunav uses a burnout equipment as a cleanning 
equipm9nts of spinnerets. 
To get high productivity, trilobal spinnerets 
must be perfectly cleanned. But trilob~l 
spinnerets are not cleanned perf aetly ~y a 
burn out eqipment. 

Cou:i.tarmeasure : 
A solt bath equipment should be proTided for 
a cleanning method. 

D Compressor 

Reason : The pressure of texturizing nozzle should be 
constant to get good quality. 
But when Reif enhauser machine and Barmag 
machine work together especially to use 
suction guns, Dunav is short of compressed 
air. 

Countermeasure : 

E Dryer 

Reason 

Compressors should be provided, 
pressure 8bar 

Polyamide 6 chips are sensitiTe !or moisture. 
It is important to keep the moisture of chips 
till 0.02 % to get higher quantity. 

Countermeasure : 
Folyamide 6 chips should be dried before 
spinning process. 
And dried chips should be transported by 
dry nitrogen. 



....... 

l 
L--.__ 
~ 

- ---------------------------------~ 

2 Inspection manual and quality control methods 
for polyamide 6 textured filaments 

To get good quality and control the process, it is important 
to measure exactly th·~ character of filaments and analysis 
tht' data. 
Polyamide 6 filaments are sensitive for coisture, so 

undermentioned quality control methods are advised. 

item unit 

tenai:ity g/d 

elongation % 

shrinkage in rl 

boilling watter ;t> 

I crimp elongation %.' 
I after boiling 
I 

modification 
ratio 

\' 

required condition 
temperature 18-22 °c 
humidity 63-67 ~ 

S&lhpling 

2 times/day 

•• 
1 tice/day 

I 

t t 

when operation 
conditions are 
changed 

18 

measuring 
method 
see A 

see A 

see B 

see c 

see D 
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A TENACITY AND ELONGATION 

a Outline 

A yarn specimen is placed in the clamps of a tensile testing 
machine, etretched or loaded until broken, and the breaking 
load and elongation dre obserYed. Elongation at a maximum 
load is read from the load-elongation chart. Tenacity at 
break can ba calculated from the denier determined in a 

separati:t test. 

b Procedure 

1 Reel a skein or 2o turns on the standar1 reel from a cheese 
and remoTe the skein from the reel and hang it on the skein 

holder. 

2 Condition the skein without a tension in the standard 
atomospbere:63-67 huraidity and 18-22 degree temperature: 

for 24- hours. 

3 Cut a lower end of the conditioned skein with scissors 
and a bundle of the yarns is obtained. 

4 Adjust the tensile testing ffiachine as follows. 
gauge length 25 cm 
crosshead speed 
chart speed 

3ocm/min 
2ocm/min 

air pressure !or oneumatic cla~p 4-.5 kg/cm2 

5 Take one yarn specimen from a bundle of the yarns and 
place it in the central part of the top clamp and close 
the top clamp. Place the free end in the lower clamp 
and attach a tensioning weight equal to o.1 g/denier 
based on a nmminal denier to the yarn below the lower 
clamp. Close the lower clamp and remove the tensioning 

weight. 

l~ 
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6 Set the full scale load of tensile testing machine 
so that the esti~ated load to rupture the yarn falls 
between 3o and 80 percent of full scale. 

7 Start the machine, obserye and record the breaking 
load and elongation. 
If the specimen breaks within 3 millimeter of either jaw, 
disregard the result and test another specimen. 

8 Repeat the measurement 5 times !or one cheese. 

c Calculation method 

l Tenacity 

Calculate the average breaking load. Calculate the average 
breaking tenacity in grams-force per denier using the 
equation as follows. 

DT breaking tenacity = -V g/ d 
where 

DT average breaking load in grams 
D averag9 denier 

2 Elongation 

Read the elongation at maximum load from the load
elongation chart. Calculate the percent elongation 
on the basis of the nominal gauze length. 

2o 
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B BHRINKAGE IN BOILING ';lATZi'. 

a Outline 
The yarn for testing is prepared in the for.a of a loop and 

th?, loop length is raeaaured u.rid.r~r a tensioning uei:5ht suf'.fi

cient to strainghten bu·i; not to stretch the loop before and 

after exposure to boili!l;; t·1ater. '.the c"IJ.ar..ge in length is 

expressed o.s a percentaga of the length before exposw:·e. 

b r"Tocedure 

1 Cut the yarn specimen appr~ximately l meter long rrom 

a cheese and join the both ends of t~e yarL speci@en. 

Prepare it in the form of a loop and ha~g it ou the 

skein holder. 

2 Go"'."..di tio!1. the r.rc--pered. loon without a tension in the 

standard atmos})here. 

3 I:a:.i.g the conditio.::.;:-11 l-:>09 on a hook at th0 top of the 

r1easuri::.:g Gcale n:::d :?~ll ~he~ :-eqnireu tonsionir.~ weie;ht 

to t!1e b:~c·1;01:1 o::: t"h.e loon. r:. weie;ht is o.l z:;/c~e;U.er 

0aaeti on ~ no~inal denier. 
f~easur~ t;h~ i:1si•i.::. len;th of ti.la loop to the nearest 
1 !'.Jillimetar, after placin~ t'."le te~~io21in:-; ':1eiz:;ht on 

the loo?• 
Hecord 1;'1is length as the original loop 10n~th : Ll. 

i~ei:aova the t..J:tsioninc; · .. 1ei .:;ht '.)Il the loop. 

4 Take the loop hung on tha hoo~ and c3refally p~t t~e 

loop into iihe gauze ba~. 
Then put this gauze bag into the basket of wire netting. 

5 Ering the bath to boiling and immerse the b~sket in the · 

b~th. C')ntinue boilin~ for 30 minuteAe 
Lift the basket from the bath and allow the loop to drain 

until dripping stops. 
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o .;:Jehydrate the gauze b::i.g by using filt'3r paper. :l'hen 

roill.ove the lo'1p frO'..'l the. saaz~ bas and pl;:. cc :i. t -:>n 
a horizont:r.l "h-il:ine and. ai!y it in the s tauclard :::; tUlos

phere :for r.:crc than l} hour3. 

7 ;:.1.easure the loop le.-.;;t!l of the condi-:ioned loop a.a 

described iu 1 and record the value a3 the loop 
length :L2: arter treatment • . ,, 

_-( 

8 ~epeat t~e ~e3sureme~t ~ times fo~ o~e che~se. 

c Calculation method· 

Calculate the st.:l?'in..1.cage of t~e test lcop us in:, ti•"" 

e~uati.:m as follo·.-is. 

boiling water 

I 

:.1-12 
_..:;._..=;;:;;.... x 10 0 ~ :J ::_.1 

~hareTl . ~v,or~~- . . 1 , tb ~ -- • ,_ ,c ·-c'" orJ.'.';lf!-3 ·- .... sr:.f: ' o_ tf'.e loo:;i 
r . 

I.;2. : . e7~r3::;e ler.zt~ cf the loon efter tr~~e tment 

I 
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C CRIMP ELONGATION AFTER BOILING 

a Cutline 
' .. foe yarn for te.stin3 is prepared i'!:l the form of a sl:ein arid 

exposed to boiling water. 
The yarn length is oeasured u~H!C!' t'.m 2::i:1dz of ten~ionin.; 

weishts. 'J:he change in length i~ expressGd as a perceritage 
of the orif;inal le~sth. 

b Procedure 

1 Heel a skain of 2o turns on th2 stc:::idard. reel froc a cheese. 
'~ake the s'ki!in on t11~ re9l a~d condition it in the 3ta!ldard 

utaosphere for 1 hour a.id cnrefully put i·i; into a gauze 

bag. Then put this sauze bG.;:; in a basl~et o.f wire netting. 

2 Bring tlle bath to boiling c.n~l i!:!merse the b1:.sket in th~ 

bat~. Continue boiling for 2o r:i!l.ut:;;s. keep t;"'c..e ou.sket 
i:°:J.:1!.~rsed i~ the bath ~hrous~out the ~-:iili:c~g p~ric.1. 

Li.r;; the bas:r.et from the bath and allow the sk~in to drain 

until ~rippins stops. 

3 Dehydrate the gau~~ bot7, ':>y ~1siri.~ fil"tor paper. :rl::.en remove 

the skci~ from the e;acze bar::; and place it on a horizontal · 

plane a~d dry it in th~ standard ~to~osphere for 12 hours. 

4 Cut a lo~9r end of tha oonditioned ~kein uitb scisso~s 

and a bu.....,-:.le o! the yarns is obtainod.. Toke one yorn 

specinen fror.l the b•.mdle of the ;yarns ond tie a knot 

st one end of the yn~~ specine~. 

5 rix the h-not of the yarn ::.;:reciwen on u clip hung the 

measuri.r..g; scle. Apply the ori5ical tcn~3ior;.. to the yarn 

specimen by ba~ging a ~eight of 2mg/deni~= based on a 
nominal deniar for 3o seco~ds. Then measure the yarn specimen 

5o centimater lone; and rrar1: vn th·3 yarn specimen O:J using · 

: 11 • 
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5 H~r!lOVtt t;he original t;ensionins "i'eigl1t ou. ~.;l1e y~rn SI-'3Cimen 

and apply the rated tension to th~ ya.rn s;;>eciL:~r~ by 

hangins a \..Jeigh of loo i;g/J.eni'3r bas~a. (;~ a no1ilL1.:ll 

denier for 3o secon•ls. Then moasure tl:J.e le::i.g'tl1 of the 

marked yarn specioen : 12 ~nd ~ecora the value as the 

yarn length of toe rated tensioning weight. 

7 Hepeat the measurement 5 times :tor one cheese. 

c 0alcula;i0n method 

Calculate th3 ~ril!lp olon~-ation aftar bo::linr; cf the test 
yarn using the equation as follows. 

crimp elongation 
ai'ter boiling 

L2 L1 X loo ;·; 
Ll 

I.l ori:~::.a~l len.st11 of -~~le ;1e.rn 

12 average lon~th cf t~e y2rn und~r rated 
tensionins wai~~t 

'24 ' 

~' ., 

i 

I -i--r-- -



r 

• 

1 

L 

D MCDIE'ICATION RATIO OF YARN CR03S SECTION 

a Outline 
5 filaments for testing are prepared by cutting the filamanta 
in a uole of a copperplate. The copperplate are vlaced un~er 
a microscope with a drawing apparatus. 
Yarn cross sections o.f 5 filaments are sketch.:d and the 

modification ratio of trilobal cro~s section is expressed as 
a ratio of radius of a circumscribed circle to radius of an 
inscribed circle. 

b Frocadure 

l Ta~e the yarn 5o centiceter long fro~ a chees~ and separate 
5 filament3 froc: the yarn. Then •~Tap one end of :} filaments 

in rayon. staples and taper off tl;e .3nd of the staples. 

2 Thread one end of 5 fila~ents wrapped in rayon staple 
through a hole of a copperplate and cut the ;arn projected 
from both .faces of the co".)perplnte b~r r33zor blades. 

3 Place the copper:;;>l3 te o:'l o. :J tcgo of a microscope anii 'bring 
to a :ocus of L~oo nagnification3. Snt A3B~s drawing 
apparatus o:i the ;c,icroscc;:3 .:ind zketch the trilobal 

cross s3ctions of 5 filame-nts. 

4 Circle a circ\l.QScribed circle and an inscribed circle on 
the trilobal crosz section by a cocpass. heasure rad.ii 
of the circu~scribed circle and the inscribed circle by 

a scale • 
Hepeat tile r..1easurement 5 tiir.es for one cheese. 

c Calculation nethod 
Calculate the QOdification ratio of yarn cross section 
using the equation as follows. 

wh~re 

modification ratio of 
yarn croRs section - H 

.T'! 

R : radius of s circum3cribed circle 
r radius or an inscribed circle 

25 

i 
I 

ff 

':' 
/ 

/ 

--r--



' 

I 

L 

' 

Organization of Dunav 

r workmen council l 

I general directorl 

.._---~~management dept. 
"12o" 

I 
motel sup~ertiarket dept. production dept. 

"1200" 
sailing dept. 

11100 11 

I 

t thetic 

"280 11 

l 

I 

!:._:on 

div. 

staple and 
filament sec. 

Reif enhausel 

Hackie 

II 90 II 
~----------L-

II 

r 
l l I 

plastic div. hans ~nd sisal div. maintenance div. 

"330 11 "44o" "15o" 

r I I 
filaJJent space dye twisting flock 
sec. sec. sec. sec. 

Barmag 

"9o" "3o" 11 50" 1120 II 

" means number of employees 
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SPECIFICATION OF EQUIPNENT 

1 Hackie line 

spinning 

drawing 

heat setter 

crimper 

cutter 

number o:f pack 
p:!~k type 

hole number 
hole diameter 
hole interval 
take up speed 

r·oller width 

dra"tdng 

to~ denier 
speed 

length 

wilth 

widtb. 
material of side plate 
nip and stuffing load 
number of unit 

type 
number of unit 

machine supplier 

27 

3 
square type 
29000/pack 
o.7mm 
l.4mm 
max 15m/min 

38omm 
1 stage 
max 6oo,ooodenier 
3om/rnin 
3,ooomm/stage 
3stage 
5oomm 

25o::i::::i 15omm 

brass 
air cylinder 
1 

gru-gru cutter 
l 

Nackie 
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SPECIFICATION OF EQUIF:-IE~T 

2 Reif enhauser line 
spinning extruder 

machine 

texturizing 
machine 

after 

spinning 
block 

gear pump 

spinneret 

chirnmey 

take up 
r:achine 

winder 

twister 

rewinder 

cutter 

diameter 
ratio L/D 
machine supplier 

number of unit 
position 

number of uuit 
capacit:y 

12omm 

25 
Reif enhanser 

2 

8 

32 
1.2--3cc/rev 

number of spinneret ~ 
ty-~e 8sp./position 

size 

temperature 
length 
capacity 

number of position 
guage 

oiling roller 
mschir..e supplier 

drurn \Jaight 

type 
m3chine supplier 

number of unit 

speed 
package 
drawing 
machine suppl~er 

43mmD 9mmH 

-18degree 
18oou;m 
max5oom3/min 

8position 
6ooram 

2stage 
LIKA 

16k~ 

~178.s 

1"1-IKA 

12 
maxl6oom/min 

350::.:c.O 33ommL 
lstrech ldraw 
NEU MAG 

number oi spinning 6osp 
machine supplier 

number or unit 
type 
machine supplier 

number of unit 
machine supplier 

28 

Hacoba 

2osp 

T~?o 

GEORG SAHM 

lunit 
Lummus 
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SPECIFICATION OF EQUIFHENT 

3 Barmag line 

spinning 
machine 

texturizing 

after 
treatment 

extruder 

spinning 
block 

gear pump 

spinneret 

chimmey 

diameter 
ratio L/D 
machine supplier 

15oomm 
3o 
Barrnag 

number of unit 3 
position 12 

number of unit 24 
capacity 3cc/rev 

number of spinneret 48 
t~pe 

size 

temperature 
lengtb 
capacity 

4spinnert/pos 
l::>ommD 2o:::z:iD 

oiling roller nu~ber of unit 
type 

48 

4unit/positio 

twister 

circle 
net tor 

space dye 

rewinder 

number of position 
speed 
packag 
drawing 
te~:::turizing 

number of spinning 
machine supplier 

r~umb~r of unit 
rr.achine supplier 

number of unit 
type 
machine supplier 

number of unit 
machine supplier 

29 

6 
caxl6oom/min 
6kg 

ldraw 
hot air nozzl 

loo 
HAMEL 

6 
Alfred Buck 

l 
222.11-1200 
EDUAD KUSTERS 

12 
HIE?.SCHBURnER 
MASHINEN 
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