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                         Abstract 

  Using orthogonal array method and analysis of variance, the sizing process for Water jet Looms 

is fully investigated and the effects of four main factors and their interactions on the properties of 

sized filaments in wet are also analyzed. Among mechanical parameters, the abrasion-proof 

decreases very much, and the strength goes down slightly, but the elongation hardly changes in wet 

condition comparing with that in dry one. The type of sizing agents affects the properties of sized 

filaments most significantly. The properties of filaments sized by various sizing agents are quite 

different. Sizing agent No. 1 is the best one. The interactions between factors in sizing process also 

affected the properties of sized filaments. However, changing the single factor hardly causes the 

influence for the properties of sized filaments significantly. The optimum sizing conditions are 

suggested. 
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1. Introduction 

 Warp sizing is the most important process in the 

production of woven fabrics by Water-Jet Looms. It will 
directly affect the efficiency of weaving and the quantity 

and quality of fabrics. At present, it is usual way to use the 

single factor comparison for investigating the sizing 

process, that is, changing the single factor (for example, its 
concentration or its temperature, etc.), testing the 

efficiency of weaving, and then selecting the better 

technology of sizing. But it is difficult to find the best 

technology and to get the real conditions by using this 

method, the reason is that it overlooked the contact with 

each other among the factors, especially, the interactions 

between factors that affected the performances of sized 

filaments. In this paper, we make the experiments by 

means of the orthogonal array method with equal 

allocation, get the relationship among the factors of 

primary and secondary, which affected the performances of 
sized filaments using the direct analysis method of range 

and the analysis of variance [131, and obtain the best sizing 

process using the least test numbers.

2. Experimental 

2.1 Experimental design 

 There are many factors affected the performances of 

sized filaments. Four main factors, the concentration 

of sizing liquor, its temperature, the pressure of the 

squeeze rolls and the sizing agents, are selected, and the 

two-factor interactions of former three factors are 

analyzed at the same time. Every factor has three levels. 

Samples are 8.33 tex/48f polyester filaments with circular 

cross-section. The sizing agents are obtained from the 

textile mills, used for water jet weaving. Their main 

composition is shown on Table 1. The levels of every 

factor are listed in Table 2. Table 3 is designed to the 

experimental parameters using the table of orthogonal 

arrays. 

2.2 Test conditions 

 The filaments are sized in the small sizing tester 

according to the table of orthogonal arrays of [7(313) as 

shown in Table 3. The performances of sized filaments are 

tested in DCS-500 strength and elongation tester and the
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performance of abrasion-proof is tested in the Y730 
abrasion tester. Their wet elongation and wet 
abrasion-proof performances are tested after the sized 
filaments are immersed in the water at 20°C for 20 
minutes. 
  In the past, the dry performances of sized filaments 

were mainly analyzed, however, the wet ones were rarely 
investigated. Actually, although the time is short when 
warps are in wet in the water-jet weaving, their abrasion 
and elongation in the moisture condition will withstand 
the severe weaving condition than those in the 
moisture-free conditions. Their wet performances are 
worse than those in dry. Therefore, it is very important to 
analyze their wet performances in the water-jet weaving. 
The main parameters analyzed here are their wet strength, 
their wet elongation and their wet abrasion-proof. 

3. Analysis of the results 

3.1 Direct analysis of the result 

Table 4 shows the results of test parameters. The 
influence grade of every factor for the tested parameters is 
analyzed using the method of direct analysis. The range R 
can judge the grade of influence. When R is large, it 
expresses that the grade of influence is also large, and 
usually the factor is primary one. On the other hand, the 
factor with little R is secondary one.

 Table S indicates the primary-secondary factors affected 

the parameters according to their R. Some factors having 

larger R are temporarily regarded as the primary ones and 

some factors having less R as the secondary ones. For the 

wet strength, factors A, D and BC are the primary ones, 

where their R>4. Factors A, C, D, AB and AC are the 

primary ones affected the wet elongation, where their 
R>0.6. The others are the secondary ones. Factors B, D, 

AC and BC are the primary ones affected the wet 

abrasion-proof, where their R>9. The table shows that 

factor D is the most important one that affected the 

performances of sized filaments. That is, it is very 
important to select the sizing agents, because the 

significant differences of quality exist among three kinds 

of sizing agents. For factor D1, its wet filament strength 

and its abrasion-proof are far larger than those by D2 or by 

D3, on the other hand, its sized filament elongation is 

slight larger than that by them. So, it is the best sizing 

agent among them. The wet abrasion-proof and the wet 

elongation by D2 are higher than those by D3, but its wet 

strength is lower than that by D3. For factors A, B and C, 

the method of direct analysis can not judge the best level 

of every factor because their interactions for the 

performances of sized filaments are very large. Analysis 
of variance can further be used in judging and verifying 

their significance, their affected degrees for the parameters 

and their optimum levels.

Table 1 Composition of Sizing Agents
1 T /1

Table 2 Levels of Factors

Table 3 Heading of Column Arrays for L.z7(313)
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Table 4 Results of Test Parameters

Table 5. Direct Analysis of Parameters in Wet Condition
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3.2 Analysis of Variance 

 Tables from 6 to 8 express the analysis of variance of 

each parameter for the orthogonal array tests. The 

significance of all factors is gathered together in Table 14. 

Table 6 shows factor D is highly significant when the wet 

strength of sized filaments is influenced by it. Combining 

with the table of direct analysis, we find that the strength 

of filaments sized by DI is the best; one by D2 the second; 

and one by D3 the last. Enhancing of their strength is 

depended on the strength of the filaments by causing the

fibers to adhere together, the size film strength to make the 

outer surface of the filaments and its waterproof 

performance. Because the viscosity of sizing liquor D3 is 

the largest [4], the sizing liquor is not driven into the 

filaments easily, its wet film strength is lower (5], and its 

waterproof performance is also the worst. Thus its strength 

of sized filaments is also lower. Factor BC influences its 

wet strength obviously. Two-unit table and Figure of 

interaction factor BC is separately shown in Table 9 and 

Figure 1. B2C3 is the best, and A2 is the best when single 

factor A is inspected. It is not obvious that the wet strength

Table 6 Variance Analysis of Wet Strength

Table 7 Variance Analysis of Wet Elongation
leareP of Ma in_enii

Table 8 Variance Analysis of Wet Abrasion

f i rec of Mean-cmiarP
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is influenced by factors B, C, AB, and AC. D1 is best 

among Factor D1, D2 and D3. Thus, A2B2C3D1 is the 

optimum sizing process only for the wet strength. 

 For the wet elongation, Table 7 indicates that the 

influence of factor C is highly significant, factors A, D and 

AC are also significant, and a factor AB is slight 

significant. Table 10, 11 and Figure 2 indicate the wet 

elongation is the largest when the factors and their levels 

are A1B2C1D1 combining with Table 5. 

 Factor D influences the wet abrasion-proof of sized 

filaments very obviously. The wet abrasion-proof of 

filaments sized by D1 is much far higher than that sized by 

D2 or D3, and one sized by D2 is slight better than that by 

D3. The reason is that D3 is a special sizing agent for 

polyesters, which shows high adhesive property with 

polyester filaments, and boosts the cohesion of fibers. The 

dry abrasion-proof of sized filaments is good, but its 

waterproof performance of the film is the worst. During 

weaving, the sized filaments are wetted and their films 

moisten and expand. The amount of dusting-off enhances

Table 9 Two-unit of BC of Wet Strength

 Fig. 1 Two-unit of BC of wet strength 

Table 10 Two-unit of AC of Wet Elongation

Fig.2 Two-unit of AB and AC of wet elongation

Tah1P 17 Twn-iinit of A( of Wt Ahracinn-nrnnf

Table 13 Two-unit of BC of Wet Abrasion-proof

Fig.3 Two-unit of AC and BC of wet abrasion-proof
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during weaving. After parts of films dust off from the 

surface of filaments, the surface changes from smooth into 

rough, the coefficient of abrasion boosts, and the 

performance of wet abrasion-proof goes down, the number 

of end breakage increases during weaving. Agent D2 is a 

general size one, and its adhesion with polyester filaments 

is not as good as that of agent D3. However it has good 

waterproof performance, its wet abrasion-proof slightly 

reduces and is better than that of agent D3 at wetting. For 

agent D1, although it also is a general one, its recipe is 

more perfect. It has better adhesion with polyester 

filaments, and its film performance of waterproof is the 

best. Therefore, its sized filaments have not only good dry 

abrasion-proof, but also have good wet one. Factors B and 

AC influence the wet abrasion-proof very obviously.

Other factors do not influence it obviously. We make 

Tables 12, 13 and Figure 3 of Factors AC and BC. The 

best level A3B1C3D1 is gotten combining with Table 5. 

 Generally speaking, the abrasion-proof decreases very 

much, and the strength goes down slightly, but the 

elongation hardly changes in wet condition comparing 

with in dry one. We consider the factors, the levels and the 

parameters in wet and dry conditions synthetically. On the 

basis of analyzing above and practical experience, 

abrasion-proof of sized filaments in wet is more important 

than others in weaving of WJL. We mainly inspect 

abrasion-proof of sized filaments in wet and take the 

others into consideration, and change multiple parameters 

into single one. Such, we can obtain the result, which is 

the optimum sizing condition A3B2C3D1,

4. Conclusions 

  Our study investigated the relationship between the 

performances of sized filaments in wet condition and four 
main factors, which affect their properties. It is the type of 

sizing agent that affects the properties of sized filaments 

most significantly. The properties of filaments sized by the 

various sizing agent are quite different. Sizing agent No. 1 

is the best one among them. The interactions between 

factors in sizing process also affect the properties of sized 

filaments. However, changing the single factor hardly 

causes the influence for the properties of sized filaments 

significantly. Hence, when we change the technology of 

sizing process, we must consider the interactions between 

factors. 

 The results indicate that it is the best to choose the low 

concentration (7%) and proper temperature (45°C) of 

sizing liquor. Using the sizing liquor with too high 

concentration can not improve the properties of sized 

filaments; on the contrary, it will worsen them. On the one 

hand, it causes the difficulty of driving the size into the 

filaments. On the other, it make the filaments contain too 

much size and the films of out-surface on the filaments are

too thick. It will tend to be brittle, to reduce the strength, 

to worsen the abrasion-proof, and, as a results, an 

excessive number of end breaks will occur in weaving. 

The pressure of squeeze rolls will be placed slight largely, 

and it can increase the penetration. 

  In wet condition, the abrasion-proof descends very 

much, and the strength goes down slightly, but the 

elongation hardly changes. 
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