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By and large the manufacture of fabrics involves the processes of spinning and weaving. During these processes, winding of the material is necessary in one form or another. Ring spinning does not produce a marketable package. Winding of ring bobbins into cones of the required weight and conicity is essential for which winding machines are used by the spinning mills. Open-end spinning machines produce a cone or a cheese directly according to the requirements of the clients and therefore, eliminate a separate winding process. However, inspite of the tremendous success of the open-end rotor spinning system, the textile industry of the world is dominated by the ring spinning system. According to the annual report of the ITMF [1], the 1996 installed spinning capacities and the shipments of spindles and O-E rotors during 1997 were as follows: 

1996 installed capacities 

1997 shipments 

Total Spindles



Short staple/long staple/O-E rotors 163,553,000 16,736,000 7,566,700 
Short staple long staple/O-E rotors 2,811,688 242,096 245,720 
Short and long staple/ O-E rotors 


183,342,784 7,812,420 


Taking output of one O-E rotor equivalent to 5 ring spindles the number of O-E rotor ring spindle equivalent in 1997 works out at approximately 40 million in comparison to total installed capacity of 183.343 million spindles ( both short and long staple). On percentage basis the installed capacity of O-E rotors in spindle equivalent is only 21.82% of that of ring spindles. 


It is obvious from the foregoing statistics that approximately 80% of the total yarn quantity in the world in 1997 was produced by winding yarn from the ring bobbins by employing separate winding machines. It may therefore be said that winding machines will continue to be an integral part of spinning mills world-wide. 


1. Manual and Automatic Winder


Soon after Pakistan appeared on the world map, the establishment of the textile industry began on war footing. By 1959-60, the number of spindles increased from 78,000 to 1,582,000 i.e. by 1928% and looms from 3,000 to 26,000 i.e. by 767%. The impetus for this phenomenal expansion was provided by large domestic market for cotton yarn and fabrics. During this period, reeling machines were used extensively by the spinning mills to wind yarn in hank form from the ring bobbins. 

In early sixties, spinning mills started using manual winders e.g. Murata No. 12, No.14 winders etc. During late sixties and early seventies, Chinese manual winders and Schlafhorst automatic winder 107 type also entered the spinning mills. By early eighties, the trend in the spinning sector of the textile industry of Pakistan shifted decisively towards the installation and use of Automatic winders such as Schlafhorst 138 & 238, Savio Espero RL & L, Murata No. 7-II & 7-V, SSM Digicone Perciflex, Hacoba H-2200 etc. 


Incidentally, during this period, winding machinery company set up by the Textile Machinery Corporation of Pakistan in the public sector started local manufacture and marketing of Pak-Gilbos and Winmac brands of manual winders with the technical collaboration of M/s. Gilbos of Belgium. This venture was not only contradictory to the prevailing trend in the spinning sector but also the winding machines suffered from the following defects: 


1.1 The end-break stop motion required constant repairs and replacement of parts. 
1.2 The tensioning device was abnormally long and created difficulties in the threading of yarn by the operatives. 

1.3 The clearance between the adjacent tensioners was inadequate. In the case of Winmac winders, the guide wires obstructed the performance of manual work by the operatives. 

1.4 The empty bobbin conveyor belt did not transport the empty bobbins smoothly to the collection box. 

1.5 The cone holders, winding drums etc. required frequent repairs and replacement. The quality of yarn packages wound on these machines was not satisfactory and therefore the spinners were reluctant to buy and install these locally manufactured winders in their respective spinning mills. As a result of non-acceptance of the locally manufactured manual winders by the textile industry of Pakistan, the winding machinery company set up by the Textile Machinery Corporation of Pakistan had to be closed down! 

In the meantime and up-to-date renowned winding machinery manufacturers have put on the market their latest automatic models of winding machines. Essential technical information pertaining to some of these models is reported in Annexure No.1. 

2.0 Wound Yarn Packages 


This data clearly indicates that automatic winders equipped with Inverter speed control, rapid package brake, package lifting system, package length measuring, electronic yarn clearing, production and quality monitoring, waxing devices are available for producing wound packages of yarns of wide count range in accordance with the requirements of the clients. In general, the package produced on these machines possess the following characteristics: 

2.1 Drawing off quality is very good and length of yarn is as long as possible for a given count. 

2.2 Each package has a constant length of yarn. 
2.3 Disturbing faults such as short and long thick places and thin places have been extracted by the electronic yarn clearer. 

2.4 Minimum number of knots or splices have been introduced in winding the package. 
2.5 Packages have been wound with a very high efficiency of the winding process and therefore at a high output rate with minimum number of machine stops. 

2.6 Packages have been waxed by paraffin wax for meeting special requirement of knitting process. 

3.0 Dye Packages 

3.1 Yarn packages suitable for dyeing must posses special features to achieve low dyeing costs and best possible quality of dyeing. Horst Luchinger [2] emphasises the importance of the density profile as well as form of the package. The density profile depends upon the type of winding and method of forming edges of the package. The form of the package depends upon the type of tube and method of forming the package face. 

Horst Luchinger [2] considers conical package unsuitable for yarn dyeing due to unfavourable flow conditions at the edges, possibility of higher amount of leaks at the intermediate plates, maintenance of intermediate plates which is costly and time consuming. The danger of uncontrolled deformation of the conical dye packages is another adverse factor. 

Because of these problems associated with the use of conical packages for yarn dyeing, he recommends the use of cylinderical packages so that these problems can be overcome, symmetrical liquor flow with reference to the package axis is maintained and a good quality dyed package can be produced with good yarn drawing off properties in the down stream processes. 


3.2 Precision Winding 

For winding cylinderical packages which meet criteria in respect of density profile as well as package form Carlo Carodi [3,4] recommends precision winding involving the use of SSM-PSM - 51 winder, whereby two counter rotating blades with constant speed move the thread alternately and it is wound on the package smoothly and gently as illustrated in fig. No.1 Choice of correct wind ratio, which remains constant, is possible to achieve the required density profile. The wind ratio prevents effectively the number of winds reaching a whole number per double traverse from the beginning to the full package, hence no ribboning or pattering occurs; the crossing angle becomes progressively narrower as the package diameter increases. It is also claimed that precision wound packages contain 20% more yarn as compared to random wound packages which saves from Rs. 17/- to Rs. 20/- per kg in dyeing costs. 



Yarn traversing system of PSM-51 precision winder 

Source: Technical Leaflet of SSM 

SSM stands for M/s. Scharer Schweiter Mettler Ag, 

4.0 Advantages of Precision Winding 

Carlo Carodi [3,4] summarised the advantages of precision winding as follows:- 
4.1 No pattern or ribbon zones 

4.2 20-30% more yarn per batch in the dyeing machine. 

4.3 Better dye penetration and less correction required as compared to random winding. 
4.4 No breakage of package edges, less yarn breaks in down stream processes during unwinding, hence higher speed achievable. 

4.5 Direct use of dye packages without rewinding is possible. 
5.0 Mercerised Yarn 


For special end-uses, yarns undergo processes of gas-singeing and mercerising before being precision wound on dye packages. Polo Milenese [5] recommends use of PSM - 41 LC/H precision winder for application of yarn finishes such as cold oil emulsion or hot wax application for sewing threads and other end-uses. He suggests use of PLC programmer for controlling parameters during yarn mercerising e.g. temperature ( 18º - 20ºC), stretching force, exact quantity of wetting agent etc. After mercerising yarn in the form of hanks or by continuous process, yarns are wound on small beams and then wound on cones or on dye packages as required. 


Polo Milenese [5] estimates the market for mercerised yarn to be only 30,000 to 35,000 tons per annum which is likely to expand. The range of yarn counts suitable for mercerisation is from 12/2 to 180/2 Ne. The end-uses of mercerised yarn as given by him are:- 


5.1 12/2 - 40/2 Ne Sewing Threads 

5.2 40/2 - 80/2 Ne Socks and underwear 

5.3 80/2 - 120 Ne High Quality Shirts 

Out of the total yarn production of 5000 tons per day, the capacity of the textile industry of Pakistan to produce dyed yarn was only 20-30 metric tons per day i.e. only from 0.4% to 0.6% as reported by him. 

6.0 Package Dyeing Techniques 


By virtue of having correct form and density profile, precision wound packages lay `the foundation for level dyeing within each package and from package to package. Process conditions during dyeing must be optimised to ensure levelness, quality and reproducibility. In large dye-houses, storage and transport of dye packages, loading and unloading of package dyeing machines involve logistics in yarn dyeing and must be carefully managed. Latest developments in package dyeing techniques are based on monitoring all these important aspects of package dyeing. Some of these developments may be reported as follows: 


6.1 Type of Carrier 


Type of carrier on which yarn package is wound influences significantly the cost and the quality of dyeing operation. SSM [5] recommends stainless steel dye-springs which offer more effective dye-liquour penetration and uniform level dyeing from package to package. In comparison, plastic carriers have greater surface area through which liquor is unable to pass. 


Furthermore, stainless steel dye-spring is compressible under load and upto 30% more yarn weight can be loaded on each dyeing spindles as compared to the more rigid plastic carriers. A typical stainless steel dye-spring is shown in Fig. No.2 which can be used repeatedly for several years. 





6.2 Package Specifications 


SSM, PSM-51 winder produces a package with diameter upto 320 m.m. The traverse lengths are variable from 75 to 250 mm. S.Y. Kamat [6] reports following package specifications for texturised polyester yarn: 


a. Package weight = 1kg 

b. Package dia = 220 m. m 

c. Package centre diameter = 56 m. m 

d. Package traverse length = 140 m.m. 

e. Package density = 220 g/l 

f. Spindle density of package after pressing on column = 280 g/l. 


After manual loading of packages on the dye spindles, additional packages are press loaded with compression in the range of 25 to 40%. The press packing not only increases payloads but also minimises differences in package density which contributes greatly to level dyeing according to Kamat [6]. SSM [5] reports that pressing allows to increase the load of the dye machine upto 15% which reduces dyeing costs. However, large variations in package density may not completely disappear by pressing of the dye packages. Stacking and pressing of cylindrical dye-packages is illustrated in Fig No.3. 


6.3 Process Water 


Like other wet processes, package dyeing also requires adequate supply of water of suitable quality with low suspended solids to prevent deposition of particles on the packages and interference with level dyeing. Kamat [6] recommends a suspended solid content of 5 mg/l or lower. Water should also be substantially free from iron, copper, magnesium and their compounds. 




Stacking and pressing of cylinderical dye packages 

Source: Technical Leaflet of SSM 


6.4 Package Dyeing Machines 


Pressure Dyeing machines are extensively used for yarn package dyeing. These machines are made of stainless steel to eliminate metal effects. A pump is used to circulate the dye-liquour through the packages. Automatic control of dye-liquor reversal, thermostatic control for temperature and process time control is an integral part of these machines. Thorough dispersal of the dye in the liquid should be ensured to prevent yarn packages from filtering out dye particles. R.W Moncrieff [7] lists following advantages of ordinary pressure dyeing of yarn:- 

a. Yarn handling is minimised with reduction in labour costs. 

b. The liquor, goods ratio is low often only 5:1 or 10:1 which yields considerable saving in dye-stuffs. 

c. Yarn is subject to less mechanical movement and friction than that occuring in hank dyeing. The yarn is preserved in better condition with fewer broken filaments and less waste. 


6.41 HT Dyeing Unit Tempo 


Scholl offers a short liquor ratio high temperature dyeing unit called Tempo suitable for bleaching, dyeing of all textile fibres at temperatures of upto 140ºC in various forms such as packages, dye tubes, warp beams, ribbon spools, muffs, tops, bumps on spindles etc. Liquor ratio as low as 3:1 is claimed to be possible. 

6.42 Robotized Dyeing and Drying Plant for Yarn Packages 


Alberto Bellini [9] reports that a totally robotised yarn dyeing and dry plant is in operation at Filatura sam Marco in Lentiai, Italy. Integration and automation of process machinery, storage and internal transportation systems, dyestuff and chemicals distribution, recipe optimisation, data collection and distribution have all been combined on industrial scale under computer control without labour. 

The whole plant is being run by a single computer operator who feeds the main input data, yarn code, batch weight, colour shade code etc. cylinderical yarn packages, 270 m.m. diameter, 2 to 3 KGMS in weight wound on reusable special self locking plastic tubes. Packages are arranged in columns of 9 on palletised steel bases, fitted with vertical spindles. 


This plant is reported to produce 20,000 KGS ( 20 metric tons) per day of regular and pre-shrunk HB acrylic yarn and acrylic-wool blended yarn for flat and circular knitting. The plant operates on 24 hours per day, 6 days a week schedule. This single plant in Italy produces dyed yarn everyday almost equivalent to the total yarn dyeing capacity of the textile industry of Pakistan. 


The quality control laboratory of this plant is equipped with a computer colour matching system i.e. Datacolor. Strict quality assurance tests are performed. The re-dyeings are not more than 0.11% of the yarn batches which is quite satisfactory standard of performance. If the dyeing and shade development is not correct first time, process costs increase due to shade correction, re-dyeing. Rathore [10] compares the perfect dyeing cost with that of corrections as follows: 

a. Flawless Dyeing (time one hour) 

Cost = US$ 1.0 

b. Shade Correction Cost = US$ 1.8 

c. Redyeing (time 4-hours ) Cost = US$ 2.8 


From the foregoing brief account of the recent developments in techniques of winding and package dyeing, it would be appreciated that package dyeing is an important route for adding value to yarn. Dyed yarn can be woven or knitted and utilised for the production of high quality striped shirting or used for production of socks and undergarments. The yarn dyeing capacity of Pakistan being only from 0.4% to 0.6% of its total yarn production, a great untapped potential for producing value-added dyed yarn exists in Pakistan ready to be exploited by the Pakistani entrepreneurs. 
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