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Abstract - Lotus silk is a natural fiber with high economic value; 

however, current production remains largely manual, resulting in 

low productivity and limited scalability. This study 

experimentally investigates the length of lotus fibers drawn under 

the influence of processing parameters, including storage time, 

lotus stem diameter, cutting depth, and the length of the lotus 

stem segment involved in the extracting process. Experiments 

were conducted with 108 combinations, and the data were 

analyzed using analysis of variance (ANOVA). The results 

indicate that the effective extracted stem length is the dominant 

factor influencing fiber length, followed by post-harvest time and 

stem diameter. The interactions between post-harvest time × stem 

diameter and cutting depth × post-harvest time were found to 

have significant effects. Furthermore, the lotus silk yield reached 

102.4 mg per kg of fresh lotus stems. These findings provide an 

initial quantitative basis for the development of mechanized 

solutions for the lotus silk extraction process. 

Key words - Lotus silk; extraction and drawing process; fiber 

length; technological parameters 

1. Introduction 

Lotus (Nelumbo nucifera) is an aquatic plant widely 

cultivated in Asia, and the Mekong Delta is one of the major 

lotus-growing regions in Vietnam [1, 2]. In addition to 

traditional products, lotus stems serve as a raw material for 

lotus silk production, which is a high-value natural fiber with 

strong potential for sustainable textiles [3, 4]. Lotus silk, 

extracted from the mucilaginous layer inside the lotus stem 

and used for weaving fabric since the early twentieth century 

in Myanmar, is highly valued for its superior functional and 

ecological properties [5, 6]. The manual production process, 

which does not use toxic chemicals, also makes lotus silk a 

valuable eco-friendly material in the context of sustainable 

development. In addition, previous studies on lotus-based 

processing, particularly in the mechanization of lotus seed 

processing, suggest that these efforts still demonstrate the 

potential for improving productivity and reducing labor 

dependence in lotus-based processing in general [7, 8]. 

At present, lotus silk production remains predominantly 

manual. Fiber extraction and yarn twisting are performed 

entirely by hand, dependence on seasonal raw materials, low 

productivity, and high labor costs, and therefore has not yet 

been developed on an industrial scale [9, 10]. In Vietnam, 

lotus stems are the main raw material for lotus silk 

production, but most of them have not been effectively 

utilized after harvest because the manual production process 

requires a large quantity of lotus stems and prolonged labor 

time to produce lotus silk [11], resulting in high costs, 

limited scalability, and an urgent need to improve the 

efficiency of fiber extraction and drawing. 

Current research on lotus silk has mainly focused on 

material properties and applications, whereas the 

technological factors governing the extraction and drawing 

of fibers from lotus stems have not been systematically 

analyzed [12-15]. In particular, the technological 

parameters and geometric characteristics of lotus stems, 

including diameter, storage time, cutting depth, and the 

length of the segment involved in drawing, as well as the 

fiber drawing length, have not yet been clearly determined, 

creating difficulties for process standardization. Therefore, 

this study aims to systematically investigate the factors 

affecting the extraction–drawing length of lotus silk fibers 

from lotus stems, thus providing a scientific basis for 

process improvement and the design of supporting 

equipment, with two specific objectives: (i) to evaluate the 

effects of selected technological parameters and geometric 

characteristics on fiber length, and (ii) to clarify the 

empirical relationships between the technological 

parameters and the drawing length of lotus silk fibers. 

The main contributions of this study are as follows:  

(i) to provide an initial experimental dataset on the effects 

of technological factors on the spinnability of lotus silk 

fibers; (ii) to clarify the quantitative relationships among 

lotus stem characteristics, fiber-drawing conditions, and 

the obtained fiber length; and (iii) to provide orientation for 

the future development of mechanized solutions for the 

lotus silk spinning process. These findings are expected to 

help narrow the current research gap and establish a 

scientific foundation for improving productivity and 

scalability in lotus silk production in Vietnam. 

2. Methodology 

2.1. Preparation of lotus stems 

The lotus stem treatment procedure prior to fiber 

extraction and drawing was carried out in sequential steps, 

as illustrated in Figure 1, to ensure the uniformity of the 

experimental samples and the fiber-forming capability 

during the extraction–drawing process. Lotus stems were 
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harvested at an appropriate growth stage, cut into 

segments, and processed mainly manually. The raw 

material was then cleaned to remove impurities adhering to 

the surface, similar to pretreatment steps in plant fiber 

production, thereby improving spinnability and uniformity. 

 
Figure 1. Lotus stem processing procedure 

The extraction–drawing process was performed in 

sequential steps to ensure continuous and stable fiber 

formation. First, the harvested lotus stems were stripped of 

thorns and excess tissue, and then cut into segments with 

lengths of 400–500 mm to ensure uniformity and suitability 

for subsequent processing operations (Figure 2a). The lotus 

stems were then cleaned of impurities and soaked in water 

to maintain freshness, limit resin drying, and preserve 

fiber-forming capability (Figure 2b). 

Next, a groove with a specified depth (1–2 mm) and 

appropriate length (20–80 mm) was created on each 

segment to separate the rigid outer layer and facilitate fiber 

drawing (Figure 2c). After groove cutting, the lotus stem 

was placed into the drawing mechanism, where a tensile 

force was applied along the stem axis to carry out fiber 

extraction and drawing. 

The tensile force required to separate the lotus stem into 

two parts varied among the experimental cases. However, 

investigating the effect of tensile force was not an objective 

of this study; therefore, this parameter was fixed at a 

sufficiently high value to ensure specimen rupture in all 

cases. The lotus stem sample expected to require the 

greatest tensile force, corresponding to the largest diameter 

C (15 mm), the smallest groove depth D (1 mm), and the 

longest storage time T (36 h), was selected and tested five 

times. After confirming that this tensile force met the 

requirement, the value was fixed for all experimental 

samples, as presented in Table 2. 

The quality of the fibers was evaluated through 

indicators such as uniformity, length, and continuity. These 

results served as the basis for fiber selection and 

preparation for subsequent spinning and processing stages. 

 

Figure 2. Lotus stem treatment prior to silk extraction–drawing 

2.2. Method and experimental setup for lotus silk fiber 

extraction–drawing 

The schematic diagram of the lotus silk extraction–

drawing experiment and the experimental model are 

presented in Figures 3 and 4, respectively. First, the lotus 

stem was clamped at both ends by the movable clamp W1 

and the fixed clamp W2 (Figure 3a), and the approximately 

cylindrical shape of the stem was positioned in the  

V-shaped groove, as shown in Figure 3b. Then, the stepper 

motor, through the lead screw shaft, generated rotational 

motion, causing the movable clamp together with the 

firmly clamped lotus stem section to move away from the 

stem section held by the fixed clamp. The resulting axial 

tensile force acted on the lotus stem and was concentrated 

at the groove position (Figures 3a and 5), stretching the 

tissue structure and drawing the fiber bundles away from 

the soft tissue, thereby forming and obtaining lotus silk. 

The extraction–drawing process was visually observed and 

monitored until completion, and the fiber drawing length 

of the lotus silk was recorded using a ruler fixed to the 

frame of the experimental apparatus (Figure 6). 

 

Figure 3. Schematic diagram of the lotus silk  

extraction–drawing experiment 

 

Figure 4. Experimental model for lotus silk fiber extraction–drawing 

A depth-controlled cutting blade set was used to cut 

grooves on the lotus stems during the experiment. The 

cutting blade was firmly clamped by two holding plates, 

and the gap between the blade and the surface of the 

holding plate was adjustable (Figure 5a). During cutting, 

the lotus stem was placed on a flat surface, and the blade 

set was rolled and pressed over a sufficient distance to 

ensure that the entire circumference of the stem was cut 

(Figure 5b). 

 

Figure 5. Cutting grooves in lotus stems with a cutting knife 
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Figure 6. Experimental model for lotus silk extraction–drawing 

2.3. Evaluation of lotus silk fiber yield 

To evaluate fiber yield, fresh lotus stems after harvest 

were subjected to extraction–drawing manually, 

independently of the extraction–drawing system using the 

experimental apparatus described in Section 2.2. Before 

drawing, the lotus stems were cleaned and stripped of 

thorns and impurities. The extraction–drawing process was 

performed according to the experience of the worker within 

1 hour after harvest to ensure the freshness of the stem 

resin. During drawing, the silk fibers were continuously 

collected and bundled for mass measurement. The manual 

method was selected for yield evaluation because the 

automatic extraction–drawing system has not yet been 

completed and is not yet suitable for use in the experiment. 

The length of the lotus stem segment involved in 

drawing was fixed at L = 40 mm in the yield evaluation 

experiment to represent an average operating condition 

within the investigated range. 

The mass of the dried silk fibers, which was very small, 

was measured using an Ohaus PR224/E analytical balance 

(capacity: 220 g, readability: 0.1 mg), whereas the initial 

mass of the lotus stems was determined using an Ohaus 

NV2202 balance (capacity: 2,200 g, readability: 10 mg). 

The fiber extraction yield was calculated based on the ratio 

between the mass of the obtained silk fibers and the initial 

mass of the lotus stems. 

2.4. Analysis of the effects of technological parameters 

on lotus silk fiber length 

To conduct this analysis, lotus stems were harvested 

and prepared as described in Section 2.1. The experiment 

was carried out using the setup presented in Section 2.2. 

The lotus stem segment was mounted between the two 

clamps, after which the motor moved the movable clamp 

to perform lotus silk extraction–drawing. 

The fiber state was continuously monitored, and the 

fiber length was measured directly using the ruler mounted 

along the sliding rail (Figure 6). During the experiment, the 

formation and elongation states of the fibers were visually 

observed. The drawing process was continued until fiber 

breakage began to appear; at which point, the movement of 

the movable clamp was stopped, and the fiber length was 

determined at the break point. 

Table 1. Drawing length and error at different speeds. 

 
Extracting speed (mm/s) 

10 15 20 25 30 40 

Mean extracting 

length (mm) 
575.3 567.4 572.1 543.0 555.0 555.7 

SD (mm) 45.5 44.9 50.5 58.9 60.4 56.3 

Because the evaluation method was based on manual 

observation, the drawing speed had a substantial influence 

on result reading and caused deviations in fiber length 

determination. The experiment to determine an appropriate 

drawing speed was conducted at levels of 10, 15, 20, 25, 

30, and 40 mm/s, with seven repetitions at each level  

(42 samples in total), under the following conditions:  

T = 0 h; C = 11–13 mm; D = 1,5 mm; L = 40 mm. The 

results showed that the standard deviation remained nearly 

unchanged in the range of 25–40 mm/s (SD ≈ 58.9 mm), 

decreased markedly at 20 mm/s (SD ≈ 50.5 mm) and only 

decreased slightly at lower speeds (SD ≈ 45.5 mm). 

Therefore, the speed of 20 mm/s was selected for the 

subsequent experiments to reduce observation error while 

ensuring a reasonable experimental duration. 

The technological factors considered included post-

harvest storage time (T), lotus stem diameter (C), groove 

cutting depth (D) and the length of the lotus stem segment 

involved in extraction–drawing (L). The investigated 

ranges are described in detail in Table 2. The drawing 

speed was kept constant at 20 mm/s to eliminate deviations 

caused by speed variation. In addition, the speed was 

selected at a low level to ensure the ability to observe and 

measure fiber length. 

Table 2. Investigated ranges of technological parameters 

Parameter Symbol 
No. of 

levels 
Investigated range 

Storage time T 3 12; 24 and 36 hour 

Stem diameter C 3 
9‒11; 11‒13 and  

13‒15 mm 

Depth of groove D 3 1; 1.5 and 2 mm 

Extracted length of 

stem 
L 4 20; 40; 60 and 80 mm 

The combination of factor levels generated 108 

experimental combinations. The fiber length value used for 

ANOVA was taken as the mean of five measurements to 

represent the result of each experimental combination and to 

reduce the influence of random fluctuations among 

repetitions. The experimental data were processed using 

Minitab software through analysis of variance (ANOVA) to 

determine the degree of influence and statistical significance 

of each parameter as well as their interactions [16-18]. 

3. Results and discussion 

3.1. Lotus silk extraction–drawing yield 

Lotus silk was extracted manually by the extraction–

drawing method from 2,042.8 g of fresh lotus stems. 

Each stem segment was drawn only once, with the length 

of the segment involved in drawing fixed at 40 mm.  

The measured mass of lotus silk reached 209.2 mg, 

corresponding to an average yield of approximately  

102.4 mg of lotus silk obtained from 1 kg of fresh lotus 

stem material. 

3.2. Effects of individual parameters 

The results of the one-way analysis of variance (one-

way ANOVA) and the main effects plot are presented in 

Table 3 and Figure 7, respectively. Accordingly, the 

regression model was statistically significant (P = 0.004) 

and explained 99.4% of the total variation in the data. 
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Table 3. Results of one-way ANOVA 

Source DF 
Seq 

SS 

Con 

(%) 

Adj 

SS 

Adj 

MS 

F-

Value 

P-

Value 

Model 101 7,934 99.4 7,934 78.6 9.40 0.004 

Linear 9 4,662 58.4 4,663 518.1 61.98 0.000 

D 2 177 2.2 177 88.42 10.58 0.011 

T 2 250 3.1 250 124.9 14.94 0.005 

L 3 4,058 50.8 4,058 1,352.6 161.8 < 0.001 

C 2 178 2.2 178 89.1 10.66 0.011 

The linear effects group contributed 58.4% of the total 

variation. Specifically: 

• The length of the lotus stem segment used for fiber 

extraction (L) had the largest contribution (50.8%), with  

F = 161.8 and P < 0.001. 

• Post-harvest storage time (T) contributed 3.1% (P = 0.005). 

• Groove cutting depth (D) contributed 2.2% (P = 0.011). 

• Lotus stem diameter (C) contributed 2.2% (P = 0.011). 

• The order of decreasing influence was: L > T > C ≈ D. 

 

Figure 7. Main effects plot 

3.3. Results of two-parameter interaction analysis 

The results of the two-way analysis of variance (two-

way ANOVA) are presented in Table 4 and Figure 8. The 

two-parameter interaction group contributed 15.5% of the 

total variation in lotus silk fiber length and was statistically 

significant (P = 0.016). 

Table 4. Results of two-way ANOVA 

Source DF Seq SS 
Con 

(%) 

Adj 

SS 

Adj 

MS 

F-

Value 

P-

Value 

2-Way 24 1,237 15.5 1,237 51.5 6.17 0.016 

D×T 4 404 5.1 403 100.9 12.07 0.005 

D×L 6 1,334 1.7 133 22.3 2.67 0.129 

D×C 4 112 1.4 112 28.0 3.35 0.091 

T×C 4 501 6.3 501 125.0 14.97 0.003 

L×C 6 87 1.1 87 14.5 1.73 0.260 

 

Figure 8. Interactions between parameter pairs 

Among the investigated interaction pairs, two pairs 

showed statistical significance: 

• T×C: contribution of 6.3%, F = 14.97, P = 0.003 

(representing the largest interaction effect). 

• D×T: contribution of 5.1%, F = 12.07, P = 0.005. 

• The remaining three interaction pairs, including D×L 

(P = 0.129), D×C (P = 0.091) and L×C (P = 0.260) were 

not statistically significant and had low contribution rates 

(1.1–1.7%). 

• In terms of contribution level, the interaction effects 

decreased in the following order: T×C > D×T >> D×L ≈ 

D×C ≈ L×C. 

3.4. Effects of higher-order interactions 

The results of the analysis of variance for the three- and 

four-parameter interactions are presented in Table 5. The 

higher-order interaction group accounted for a 

considerable proportion of the total variation in lotus silk 

fiber length, indicating the simultaneous involvement of 

multiple technological parameters in the fiber-drawing 

process. 

Three-parameter interactions (3-way) 

The total three-parameter interaction group had 44 

degrees of freedom (DF) and contributed 14.1% of the total 

variation. However, when considered as a whole, this 

group did not reach statistical significance, with P = 0.080. 

When each combination was analyzed separately, two 

combinations were statistically significant (P < 0,05): 

• D×L×C had the largest contribution (5.5%), with  

F = 4.40, P = 0.040; 

• D×T×C contributed 3.6%, with F = 4.27, P = 0.047. 

The remaining combinations were not statistically 

significant and had lower contribution levels, including: 

• D×T×L: 1.8% (P = 0.352); 

• T×L×C: 3.3% (P = 0.124). 

In general, the influence levels among the three-

parameter interactions were clearly differentiated, and only 

certain specific combinations exhibited significant effects. 

Four-parameter interaction (4-way) 

For the four-parameter interaction, the combination 

D×T×L×C had 24 degrees of freedom, contributed 11.3% 

of the total variation, and was statistically significant  

(F = 4.51; P = 0.034). The contribution of this combination 

was higher than that of each individual three-parameter 

interaction. 

Table 5. Results of three-way and four-way ANOVA 

Source DF Seq SS 
Con 

(%) 

Adj 

SS 

Adj 

MS 

F-

Value 

P-

Value 

3-Way 44 1,130 14.1 1.130 25.7 3.07 0.080 

D×T×L 12 141 1.8 141 11.7 1.41 0.352 

D×T×C 8 285 3.6 286 35.7 4.27 0.047 

D×L×C 12 442 5.5 442 36.8 4.40 0.040 

T×L×C 12 262 3.3 262 21.8 2.61 0.124 

4-Way 24 905 11.3 905 37.7 4.51 0.034 

D×T×L×C 24 905 11.3 905 37.7 4.51 0.034 

Error 6 50 0.6 50 8.4   

Total 107 7,984 100     
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3.5. Regression model 

The second-order polynomial regression equation 

expressing the relationship between the parameters and the 

objective function was constructed as follows: 

= − + − +

+ − + + −

+ − − −

− − −

− + +

2

2

2 2 2 2

2 2 2 2

2 2 2

KQ 194.0 15.48D 5,96L 672c 0.4758T

280.5c 3.105DT 106.0Dc 21.34Tc 3.91Lc

0.1972D T 3.

       

   804.D c 45.1Dc 0.575T c

0.01350T.L 9.24Tc 0.000362D T

0.0632D .T.c

     

   

1.695D

    

       c  0.42

+ + +

2

2 2 2 2

6D.T.c

0.0967.D.L.       c 0.1844T c 0.00933TL  c

 (1) 

The results indicate that the relationships among the 

factors were nonlinear and involved complex interactions. 

The inclusion of terms such as T², C², D×T, D×C, T×C and 

higher-order combinations allowed the model to 

adequately reflect both the individual and combined effects 

of the variables on the response value KQ. 

The model fit evaluation results presented in Table 6 

show that the coefficient of determination R² reached 

74.57%, meaning that the model explained approximately 

74.57% of the variation in the dependent variable. After 

adjustment for the number of variables, the adjusted R² was 

67.98%, still indicating relatively good explanatory ability. 

However, the predicted R² was 58.09%, which was 

substantially lower than R² and adjusted R², suggesting that 

the predictive ability of the model was moderate and that 

overfitting may exist due to the relatively large number of 

variables and interaction terms. The standard error of the 

model, S = 4.89 reflects that the dispersion of the residuals 

around the predicted values was not excessively large. The 

criteria AICc = 685.82 and BIC = 735.73 can be used for 

comparison with alternative models; a model with smaller 

AICc and BIC values would be preferred. 

Table 6. Errors in constructing the second-order regression model 

S R² (%) Adj. 

R² (%) 

PRESS Pred. 

R² (%) 

AICc BIC 

4.89 74.57 67.98 3,346.55 58.09 685.82 735.73 

Analysis of the variation trend of the parameters 

showed that when L increased from the lower limit to the 

upper limit, fiber length increased markedly and reached 

its maximum value at approximately L ≈ 80 mm, indicating 

that L was the most dominant factor affecting the objective 

function. For parameter C, fiber length increased slightly 

as lotus stem diameter increased and reached its best value 

within the range of approximately C ≈ 13–15 mm.  

In contrast, when T increased from the harvest time to later 

time points, fiber length tended to decrease due to the 

degradation of the mechanical properties of the conductive 

tissue; therefore, the optimal value was achieved at  

T < 12 h after harvest. For D, fiber length reached its 

maximum at the intermediate level of approximately  

D ≈ 1.5 mm, whereas cutting too shallowly or too deeply 

both reduced drawing efficiency. 

Based on the above results, the optimal set of 

technological parameters within the investigated 

conditions was identified as approximately D ≈ 1.5 mm, T 

< 12 h, L ≈ 80 mm and C ≈ 13–15 mm, at which the model 

predicted the maximum fiber length. 

4. Discussion 

The experimental results showed that the recovery yield 

of lotus silk reached 102.4 mg/kg of fresh stems, reflecting 

the relatively low fiber density in lotus stem tissue and 

indicating that the extraction–drawing process requires a 

large amount of raw material to achieve a substantial 

output. This emphasizes the need of optimizing the 

technological parameters to improve extraction efficiency. 

ANOVA identified the length of the lotus stem segment 

involved in drawing (L) as the dominant parameter, 

contributing 50.8% of the total variation, far exceeding the 

other parameters. This result is consistent with the 

regression coefficients of the model, in which L had the 

largest effect coefficient among the linear and quadratic 

components, indicating that the length of the segment 

involved in extraction–drawing is the determining factor 

governing the ability to form and maintain fiber continuity. 

This conclusion is consistent with studies on fiber 

extraction from plant materials such as banana, ramie, or 

flax, in which the length of the mechanically treated zone 

is often reported as the most important parameter 

determining fiber continuity. 

The parameters of post-harvest time (T), stem diameter 

(C) and cutting depth (D) exhibited smaller effects but were 

still statistically significant. The reduction in fiber length 

with increasing storage time may be related to physico-

chemical changes in plant tissue after harvest; however, this 

mechanism was not verified within the scope of the present 

study. Although cutting depth had a limited individual 

effect, it appeared in several significant interactions, 

indicating its role in adjusting the mechanical contact 

conditions during the fiber-drawing process. 

Comparison among interaction orders showed that the 

two-parameter interaction group contributed the largest 

proportion of variation (15.5%), higher than the three-

parameter group (14.1%) and the four-parameter group 

(11.3%). This result follows a similar trend of the 

regression equation, in which the two-variable interaction 

terms dominated in describing the response trend, whereas 

the higher-order interactions only played a role in local 

adjustment. Therefore, process optimization should 

prioritize controlling the main effects and important 

interaction pairs such as T×C and D×T, rather than more 

complex higher-order combinations within the current data 

range. 

Based on the main effects and the statistically 

significant interactions, a technological parameter region 

tending to produce greater fiber length within the 

investigated range can be identified, including: post-

harvest time of less than 12 h, lotus stem diameter of 13–

15 mm, cutting depth of 1.5 mm, and lotus stem segment 

length involved in drawing of 80 mm. This parameter 

region can be considered as a reference operating condition 

for the lotus silk drawing process within the scope of the 

conducted experiments. 

However, the study still has several limitations, 

including the low degrees of freedom of the error term; the 

fact that the extraction–drawing process for yield 

evaluation was still performed manually, making 
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operational errors difficult to avoid; and the limited 

investigated range of parameter levels, which focused only 

on the fiber length criterion. In future studies, the 

parameter range should be expanded, the number of 

repetitions should be increased, and a semi-automatic or 

mechanically controlled drawing system should be 

developed to reduce human-induced variation. At the same 

time, additional evaluation of the mechanical and 

morphological characteristics of the fibers should be 

conducted, and the effect of drawing speed should also be 

investigated to improve the modeling of the fiber 

extraction–drawing process. 

5. Conclusion 

This study systematically evaluated the effects of 

technological parameters on the extraction–drawing 

process of lotus silk fibers from lotus stems. The fiber 

recovery yield reached 102.4 mg/kg of fresh raw material, 

reflecting the characteristics of fiber extraction from 

natural plant-based materials. The analysis of variance 

model showed that the overall model was statistically 

significant at the 95% confidence level (P < 0,05), with a 

coefficient of determination of R² = 74.57% and an 

adjusted coefficient of determination of R² = 67.98%, 

indicating that the model explained most of the variation in 

the experimental data. The predicted coefficient of 

determination of 58.09% indicated an acceptable 

predictive capability within the investigated range. 

Based on these results, the ANOVA identified the 

length of the lotus stem segment involved in drawing (L) 

as the dominant parameter, contributing 50.8% of the total 

variation in fiber length. The parameters of post-harvest 

time (T), stem diameter (C) and cutting depth (D) had 

smaller contributions but still reached statistical 

significance (P < 0.05). The two-parameter interactions, 

particularly T×C and D×T, showed considerable effects on 

fiber length, whereas the higher-order interactions had 

smaller contributions and limited influence within the 

current model range. 

In addition to the analysis of variance, a polynomial 

regression model based on the response surface 

methodology (RSM) was developed to quantitatively 

describe the relationship between fiber length and the 

parameters D, T, L, C, including linear, quadratic, and 

interaction terms. The regression results and contour plots 

were consistent with the ANOVA, and also allowed the 

identification of a reference operating parameter region for 

achieving the maximum fiber length within the investigated 

range (T < 12 h, C = 13–15 mm, D = 1.5 mm, L = 80 mm), 

thereby providing a scientific basis for the optimization and 

mechanization of the lotus silk drawing process. 
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