
 

 

ABSTRACT 

VAIDYA, SAVIASACHI . A New Test Method for Sweat Management to Evaluate Wear Comfort 

by Measuring Absorption Rate, Wicking Rate and Drying Rate of Textiles. (Under Dr. Kavita 

Mathur and Dr. Warren Jasper). 

 

This research aims to develop a new test method for validating wear comfort by assessing sweat 

management performance in textiles. It will measure concurrently the absorption rate, vertical 

wicking rate, and drying rate of test specimens. A comparative analysis will be conducted using 

the same lot of specimens tested with the new method alongside results from a certified third-party 

laboratory using the existing manual test method. These current test methods face several 

challenges regarding accuracy, precision, repeatability, and reproducibility, as well as a lack of a 

coherent strategy to integrate absorption, wicking, and evaporation into a unified standard. 

The systematic and integrated approach of this research facilitated the development of a novel 

international testing methodology designed to assess the sweat management capabilities of fabrics. 

Wear comfort perception and performance metrics across various materials and constructions were 

determined by data analysis using a larger sample size of specimens. Furthermore, this evidence-

based testing system will enable fabric manufacturers and retailers to objectively validate 

manufacturersô comfort claims, thereby fostering transparency, accountability, and consumer trust 

in textile performance standards. Future research could be conducted by testing different types of 

fabrics with variable blends of fibers and yarns used, different weights of knit and woven fabric 

structures used in the sportswear/athleisure industry. 

Chapter 2 introduces how to address the limitations of current testing methodologies by 

systematically analyzing the root causes of inaccuracies and inconsistencies in existing datasets. 

Building upon this investigative foundation, a novel testing methodology has been developed that 

employs contemporary digital technologies, saline solution, fluorescent dye, and black light for 



 

 

dark fabrics. This innovative approach promises to enhance the objectivity of data collection, 

thereby improving the reliability and validity of the results obtained. 

Chapter 3 discusses the Motivation, which addresses critical research gaps and limitations in 

current test methods. 

Chapter 4 discusses the proposed methodology, which establishes a comprehensive framework for 

setting performance benchmarks for sweat management and wear comfort in textile garments. This 

study also introduces stringent criteria for pass/fail outcomes pertinent to test specimens. Through 

this investigation, the research not only contributes to the academic discourse on textile 

performance testing but also offers practical implications for the textile industry, aiming to 

enhance standards for quality and performance evaluation. 

Chapter 5 introduces an innovative test protocol to rigorously evaluate the performance of textile 

specimens after subjecting them to at least 5 wash-and-dry cycles, thereby eliminating potential 

contaminants. The volume of saline is precisely measured by weighing the syringe to ensure 

consistency across experimental conditions.  

Saline absorption is quantified over time using a combination of video recording techniques and 

comparative analysis of the specimens' original and wet weights. The determination of drying rate 

is achieved by calculating the variation between wet and dry weights within a thirty-minute 

timeframe. All experimental data are digitally recorded in real-time to enhance the accuracy and 

reliability of findings. 

Wicking behavior is meticulously measured, recorded, and validated through digital means, with 

real-time charts generated to facilitate data visualization and interpretation. This methodological 

framework not only advances the understanding of the interactions between specimens and saline 



 

 

solutions but also establishes a comprehensive protocol for evaluating material performance within 

a controlled environment. 

Chapter 6 discusses statistical analysis and the six-sigma DMAIC approach, along with design of 

experiments to address research gaps, data analysis, and the utilization of measurement tools and 

measurement system analysis. 

Chapter 7 discusses the results, the efficacy of digital test methodologies for evaluating the 

performance characteristics of various textile specimens under indoor environmental conditions, 

and concludes whether our hypothesis is supported. The findings indicate that the experimental 

results obtained are not only accurate, but also exhibit a high degree of repeatability and 

reproducibility. Specifically, the experiments reveal that both polyester and nylon specimens 

demonstrate superior absorption, wicking, and drying rates across all tested fabric types, including 

108, 144, and 200-needle flat-knit and terry-knit circular knit fabrics. These results underscore the 

potential of digital testing methodologies in advancing textile science and highlight the functional 

advantages of synthetic fibers in diverse environmental settings. 
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CHAPTER  1: INTRODUCTION  

The buildup of sweat can lead to discomfort, which is why textile colleges, universities, brands, 

designers, manufacturers, and suppliers are committed to developing yarns and products that meet 

sweat management standards. This dedication is crucial to ensure that consumers experience 

optimal comfort and satisfaction. Recent advancements in yarns and fabrics focus on enhancing 

sweat absorption and transport properties, thereby improving wear comfort during physical 

activity. Sweat glands are distributed throughout the human body, and sweat is primarily composed 

of water and salt; its primary purpose is to help regulate body temperature. As sweat evaporates 

from the skin's surface, this cools the body, providing a sense of comfort. Normal sweating occurs 

due to various factors, including high temperatures, physical exertion, emotional stress, 

consumption of hot or spicy foods, and illness. Increased sweating can be attributed to conditions 

such as obesity, all stages of diabetes, menopause, and hyperhidrosis. The body sweats to dissipate 

heat and maintain thermal balance. Various testing methods, such as absorbency, wicking, and 

drying, alongside standards set by organizations such as AATCC (AATCC Home - Textile 

Research, Test Methods, and Education since 1921., n.d.), ASTM (ASTM International - 

Standards Worldwide, n.d.), and ISO (ISO - International Organization for Standardization, n.d.) 

are utilized to evaluate fabric performance. These testing methods are conducted in exclusively 

ISO 17025-certified laboratories equipped with sophisticated and expensive instruments. 

Manufacturers of these instruments often assert that their products offer superior accuracy 

compared to competitors.  

The predominant expectation concerning the performance of athletic apparel is centered around 

the notion of comfort. However, assessing comfort for athletes presents a significant challenge that 

can be approached through two distinct methodologies. The first involves market and consumer 



   

2 

 

research, wherein feedback is solicited from usersô post-utilization of the product. The consumer 

research method, while valuable, is not without limitations. Conversely, the second approach 

advocates for implementing rigorous quantitative testing, which is succeeded by wear testing to 

confirm and validate the product's comfort before market introduction. 

The construct of comfort has experienced a notable evolution in its perceived significance, 

transitioning into an established expectation among consumers across a diverse array of apparel. 

This paradigm shift is observable in garments expressly tailored for physical exertion and everyday 

attire. As such, comfort has emerged as a critical factor in the design and selection of various 

clothing categories, including but not limited to innerwear, outerwear, and garments intended for 

both indoor and outdoor activities. 

his research aims to implement a newly developed testing method that assesses specimens' 

absorption, drying, and wicking properties concurrently under uniform environmental conditions. 

This will be achieved using a specially designed test instrument featuring custom-tailored software 

and a digitized methodology to streamline data collection and enable real-time data recording 

alongside visual analytics. This system will enable the seamless transmission of test results through 

Electronic Data Interchange (EDI) or integration with web applications, mobile applications, or 

other computing platforms. The resultant data will yield invaluable insights into fabric 

performance concerning sweat management and comfort levels, as determined through the metrics 

of absorption time, drying rates, and wicking capabilities. This initiative is underpinned by a 

commitment to generating precise, repeatable, and reproducible data obtained from tests conducted 

in both controlled indoor laboratory settings and indoor environments. Such rigor in data 

acquisition is imperative for establishing trustworthy benchmarks for fabric performance under 

diverse conditions. Furthermore, this novel testing methodology addresses gaps in the deficiencies 
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of existing individual test methods, an absence of a sweat management test method, and the 

availability of concurrent testing, objective data, and video evidence, enhancing the automation of 

testing processes and incorporating real-time data collection and visualization. Currently, there is 

a lack of concurrent methodologies that meet these criteria, underscoring the significance and 

innovation of this research endeavor. 

The primary objectives of this study are to:   

1. Conceptualize and create an innovative testing instrument, alongside custom software 

development, to facilitate data recording utilizing digital objective evidence. 

2. Conduct a comprehensive quantitative comparative analysis of test data derived from a 

third-party laboratory and tests performed in this study using a new test procedure and 

instrument, focusing on the indoor environments. 

3. Attain precision, consistency, and reproducibility in the results of testing procedures 

worldwide. 

This study will utilize 108, 144, and 200-needle circular knitting machines to evaluate two distinct 

knit constructions: Flat-knit and Terry-knit. Additionally, the study will encompass two types of 

fabric, specifically Polyester and Nylon, to ascertain the performance characteristics and variations 

inherent to each material and knitting technique. 

Significance of this study: 

The findings of this study are expected to contribute to the establishment of a novel international 

test methodology for assessing fabrics' sweat management capabilities. Furthermore, the results, 

supported by digital objective evidence, aim to enhance understanding of consumer values 

regarding comfort alongside a comprehensive evaluation of the product's relative comfort level. 
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This research will also empower retailers, such as Wal-Mart, to objectively validate the comfort 

claims presented by manufacturers.  
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CHAPTER  2: LITERATURE REVIEW  

New technological innovations and advancements are continually emerging to meet and surpass 

consumer expectations of the athletic wear and apparel industry. Continuous filament yarns are 

now available in various cross-sections, featuring uniquely designed yarns with deep grooves or 

channels along the fibers' longitudinal axis. These channels facilitate sweat movement, enhancing 

moisture management in athletic fabrics and ultimately increasing comfort. Among the latest 

developments is the 4DG cross-section, which was created through a collaboration between 

Clemson University and Fiber Innovation Technology. (4DG TM, n.d.) (Fiber Innovation 

Technology, n.d.) Several other cross-sections have also been introduced, including Serrated, 

Square with void, Dog Bone, Flat Oval with Convolutions, Trilobal, and Hollow-Core (Sabir, 

2018), as shown in Figure 2.1. 

 

Figure 2-1. Different types of fiber cross-sections (Sabir, 2018) 
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Recent advancements in spinneret technology, particularly introducing spinnerets featuring 

multiple cross-sectional geometries, represent a significant innovation in producing continuous 

filament yarn. This novel approach involves the simultaneous extrusion of two or more 

monofilaments with distinct cross-sectional profiles within a single yarn. Such innovations aim to 

enhance the efficacy of sweat management properties, thereby improving the overall performance 

of textile materials in applications requiring moisture management.  

 

Figure 2-2. Spinneret with multiple cross-sections (original figure created by the author) 

New yarns, including bi-component, tri-component, quad-component, and multi-component spun 

yarns, are developed through various yarn cross-sections, staple lengths, yarn types, and deniers 

(Figures 2.3 and 2.4). These distinct staple fibers are blended in blowers and subsequently spun 

into yarn. Multi-component yarn fabrics represent an innovative advancement to enhance textiles' 

sweat management performance. 
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Figure 2-3. Quad component spun yarn (original figure created by the author) 
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Circular knit seamless textile fabrics are widely utilized for activewear activities due to their vital 

role in managing sweat between the skin and the surrounding environment. The ability of these 

fabrics to absorb and expel sweat effectively can have a significant impact on overall comfort. 

Fabrics with low absorbency or high sweat-repellent characteristics can impede the efficient 

wicking of sweat away from the skin, resulting in discomfort.  

The phenomenon of discomfort resulting from the evaporation of perspiration is intensified during 

physical activities, such as exercise and sports activities, as well as in elevated ambient 

temperatures. Moreover, this issue is particularly pronounced among individuals with specific 

medical conditions, including hyperhidrosis or diabetes (Tang, Chau, et al., 2015). Consequently, 

the evaluation of textiles concerning their absorption rates, sweat spreading (commonly referred 

to as wicking rate), and evaporation (or drying rate) performance is crucial for the optimization of 

sportswear, functional apparel, and healthcare-related products.  

To improve these performance parameters, significant advancements have been made in yarn 

technology by scientists, researchers, academic institutions, and scholars in the field. Designers 

are integrating these innovations into textile products, leading to materials with absorption, 

spreading, and evaporation rates that surpass the sweating rate. These advanced circular-knit 

seamless textiles offer consumers enhanced comfort, delivering cooling and drying effects during 

activewear activities, exercise, or even in situations of sweating due to medical conditions. 

To achieve optimal sweat management, the fabric specimen must demonstrate a high absorption 

rate as the initial step in transferring moisture from the body to the textile. Additionally, the fabric 

should effectively distribute the absorbed sweat in all directions, utilizing both in-plane and 

transplanar wicking. In-plane wicking controls the area of the fabric affected by sweat, while 

transplanar wicking moves moisture away from the skin, thereby diminishing the sensation of 
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wetness. The quicker the absorbed sweat spreads in both directions, the greater the evaporation or 

drying rate will be. 

2.1 Market Trend  

In November 2023, the Centers for Disease Control and Prevention published the National 

Diabetes Statistical Report, revealing that 136 million adults in the United States are currently 

living with diabetes or prediabetes. These individuals have a greater preference for wearing 

comfortable apparel. Furthermore, the NPD Groupôs consumer tracking service reported that, for 

the year ending in 2022, the combined market for outerwear ($15 billion) and innerwear socks ($8 

billion) designed for athletes seeking faster cooling through advanced fabric performance reached 

a total of $23 billion (Figure 2.5). 

 

Figure 2-4. Market trend data for the year ending 2022 (Sock Market Jun22, n.d.) 

The market trend report underscores significant aspects of outerwear and innerwear, reflecting a 

market value of $23 billion. This market is segmented by product types, which include T-shirts, 

tank tops, sports bras, leggings, tights, shorts, socks, and arm sleeves.  
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The report indicates a rising trend of women engaging in workouts, athletics, and sports, resulting 

in a heightened demand for sports-inspired aesthetics and comfortable clothing. Consumers are 

seeking apparel that does not cling to the skin, maintains dryness, and is suitable for both indoor 

and activewear activities. This shift in consumer preferences has prompted major players in the 

sportswear industry, such as Nike, Adidas, Patagonia, Puma, Lululemon, Under Armour, Walmart, 

Columbia, Asics, Fila, Mizuno, Li-Ning, and others, to continually innovate new yarns and fabrics. 

Brands are delving into innovations in yarn technologies and testing methods that align with 

consumer comfort needs. For instance, Nike employs Dri-FIT technology, Under Armour features 

CoolGear and HotGear, Hanes offers Cool-Dri, Puma implements DryCELL, and Adidas has 

ClimaCool.  

Presently, the testing methods used by third-party laboratories were established decades ago to 

evaluate fabric performance in production wet processes. New sweat management test methods 

have been developed to support these advancements by measuring absorption, wicking, and drying 

rates to determine comfort levels during physical activity. 

2.2 Sweating  

The human body expertly regulates its temperature, using specialized nerve cells in the skin's outer 

layer to sense environmental changes. These fluctuations in temperature can arise from various 

factors, including physical activity, high heat, stress, or medical conditions such as diabetes or 

hyperhidrosis. 

There are three primary types of sweat glands (Figure 2.6): eccrine, apocrine, and apoeccrine. 

Eccrine sweat glands are widely distributed across the body, found on both glabrous areas (like the 

palms and soles) and non-glabrous areas (such as hairy skin). In contrast, apocrine sweat glands are 

primarily located in the axilla (armpits), breasts, face, scalp, and perineum. 



   

11 

 

 

Eccrine sweat glands are responsible for the majority of sweat excretion, making them essential for 

thermoregulation. They truly function as "the human body's natural cooling system," efficiently 

releasing and distributing sweat over a large surface area of the skin, thereby effectively cooling 

the body. In contrast, apocrine and apoeccrine glands produce significantly less sweat, as these 

glands are limited to specific body areas. 

 

Figure 2-5. Eccrine gland sweat excretion (Baker, 2019) 

Shahzad and Jiang (Shahzad et al., 2023) conducted a study to evaluate the properties of various 

fabrics concerning their sweat absorption, spread, evaporation, dripping, and drying 

characteristics. The predictive model developed serves as a reference framework for guiding this 

study's experimental data collection and subsequent analysis.  

 

Table 2-1. Example of data records 

Yarn 

Type 

Needle 

count 

Knit 

Type 

Specimen 

Dry 

Weight 

 ml of 

saline 

deposited 

 wet 

weight 

 time to 

absorbed 

 ml 

absorbed 

absorption 

rate 

ml/sec 

Polyester 144 Flat 4.38 2 6 6 1.62 0.27 

 

The quantification of saline solution absorption is ascertained through the following relationship: 

ὓὥὦίέὶὦὓύὩὸὓὨὶώ                       Equation 2.1 
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Where Mabsorb represents the mass of liquid absorbed in the fabric, Mwet denotes the mass of 

fabric after absorption, and Mdry represents the dry weight of the fabric. The test method sections 

mention formulas for measuring wicking rate and drying rate. 

 According to the quantitative data elaborated below, eccrine glands secrete an average of 18 

milligrams of sweat per square centimeter per minute, which translates to 1.8 grams of sweat 

per 10 square centimeters per minute. When the nerve cells in the skin signal sweating, the glands 

release this amount. To replicate this human sweat rate, this study applied 2 grams of saline 

solution per 10 square centimeters of fabric.  

 

 

Figure 2-6. Predicted whole-body sweat chart (Baker et al., 2016) 

Predicted Whole-Body Sweat [Na+] (mmol/L) predicted whole-body sweat sodium concentration 

(Panel B) in 506 skill-sport and endurance athletes during training/competition in a wide range of 

environmental conditions. The vertical line represents the mean value.   
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Figure 2-7. Data of regional distribution of physiologically active eccrine sweat glands 

 
Figure 2-8. Regional variations in transepidermal water loss (Taylor & Machado-Moreira, 2013) 
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The sweating rate is highest at the beginning when nerve cells detect an increase in body 

temperature. The sweating rate gradually decreases as the body cools down, and the skin reabsorbs 

some sweat during this cooling process.  

Functional textiles and wearable materials are created using innovative yarns produced through 

infusion technology, either during the manufacturing of masterbatches or throughout the extrusion 

process. A widely used technique involves the application of multicomponent spun yarns, 

combined with various topical treatments, to enhance the physiological comfort of the human 

body. To assess properties such as wettability, absorption, wicking, spreading, evaporation, and 

drying, a range of characteristics is rigorously tested. Eccrine sweat primarily consists of water 

and sodium chloride (NaCl). Sweat composition can vary significantly between individuals, 

influenced by factors such as environmental conditions, physical activities (like exercising or 

walking), and various medical conditions. 

 

Figure 2-9. Absorption, wicking, and evaporation process (original figure created by the author) 

Sweating is essential for cooling the human body when hot weather or exercise causes body 

temperature to rise. Sweating is the bodyôs method of lowering temperature by facilitating heat 

loss through the skin, either when sweat evaporates or is absorbed. (Stay Cool | NIH News in 

Health, n.d.) (Figure 2.10). 
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Figure 2-10. Physiological and methodological factors impacting the sweat collected on the skin surface (Baker & Wolfe, 2020) 

The normal human body temperature is 98 degrees Fahrenheit. When the internal body 

temperature starts to rise, the hypothalamus signals the eccrine sweat glands to cool the body by 

producing sweat. When the pores are open, the eccrine glands release sweat more easily on the 

skin, helping to cool the body down. If sweat dries and sticks to the skin, it can make it harder for 

the eccrine glands to release sweat, leading to discomfort. However, once sweat is absorbed from 

the skin and the body is cooled down, the person feels more comfortable (Figure 2.11). Fabrics 

with high absorbency and wicking properties enhance this comfort level. (Baker & Wolfe, 2020)  

ost sweat is produced on the soles of the feet, and the amount varies between resting conditions 

and physical activities. To optimize fabric performance, this research is focused on indoor and 

activewear activities. If the fabric performs well and meets the specifications needed to keep the 

skin dry in activewear conditions, it is assumed that it will perform even better in indoor or resting 

conditions. 
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Currently, typical methods for testing moisture management properties of fabrics may not 

accurately replicate human sweat management. These testing methods are designed for individual 

assessments. For example, the ñForced Flow Water Transport Testerò (FFWTT) (Tang, Chau, et 

al., 2015) was developed in a laboratory to characterize the transplanar and in-plane wicking 

properties of fabrics using gravimetric and image analysis techniques. 

Another method is the ñGravimetric Absorption Testing Systemò (GATS) (Moisture Management 

Properties of Heat-Resistant Workwear Fabrics- Effects of Hydrophilic Finishes and Hygroscopic 

Fiber Blends - ProQuest, n.d where a fabric sample is placed on a horizontal test plate with a small 

hole or porous plate connected to a water reservoir, the weight change of the reservoir is then 

measured in a controlled laboratory environment. 

Additionally, tests such as the Transverse Wicking Porous Plate test and the Demand Wettability 

Apparatus are employed to examine the wetting properties of fabric specimens (Harnett & Mehta, 

1984) (Buras et al., 1950). In these tests, the fabric is placed horizontally, and water is fed from 

below using a tube linked either to a capillary tube (for the Transverse Wicking Porous Plate test) 

or to a burette (for the Demand Wettability Apparatus, Figure 2.12). The position of the meniscus 

is recorded manually. 

 

Figure 2-11. Fabric Wettability Tester 
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Various other testing equipment and methods have been developed for laboratory settings, 

including the Demand Wettability Instrument, Dynamic Absorbency Measurement Technique 

(DAMT), Absorption-Wicking Apparatus, Horizontal and Radial Wicking Tests, and the 

Transverse Fabric Wicking Tester. All  these tests are conducted in a controlled laboratory 

environment, often referred to as OECD Tier-1 testing. 

2.3 Sweat Management 

2.3.1 Absorption  

The absorbency test method was developed in 1954 to assist in textile wet processes, ensuring that 

dyeing and finishing recipes were prepared accurately based on fabric absorbency. Since its 

creation, the test method has undergone several revisions, the most recent being in 2019 by the 

AATCC Committee RA63. Option B was published in the 2004 AATCC/ASTM compilation of 

procedures and guidelines for textile products, with TS-018 and MM-TS01 added to AATCC 

TM79. 

This test method determines the water absorbency of yarns, fabrics, and garments. To conduct the 

test, a drop of water is allowed to fall from a fixed height onto the taut surface of a test specimen. 

The time it takes for the drop of water to lose its light reflection and change to a dull, wet spot is 

recorded. (TM79 RA63 AATCC, 2018)  

The AATCC 79 test method is used to evaluate fabric absorption and transport properties during 

wet processes such as dyeing, finishing, and printing. The amount of moisture absorbed by clothing 

significantly impacts comfort. When sweat accumulates, it can cause a fabric to cling to the skin, 

leading to friction and increased fatigue, particularly during intense workouts or in high-

temperature activities. (Tang et al., 2014) 
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TM79 is also effective for fabrics made from synthetic yarns with various cross-sections, such as 

trilobal and hollow designs. These types of fabrics exhibit higher compression and, as a result, 

demonstrate better absorbency compared to fabrics made from round cross-section synthetic yarns. 

Absorbency is defined as the transplanar penetration of liquid into the fabric. In specimens with 

higher compression, the wetting of fibers occurs as the air is displaced due to the cross-sectional 

shapes and the interaction between the fiber and the liquid. This creates mechanisms such as 

spreading, immersion, and capillary penetration. (Erik Kissa, 1981)  

The wettability or absorbency test is measured in accordance with AATCC79, ISO 20158 

(ISO20158 absorption, 2018), or BS4554 test methods. The experimental setup is shown in Figure 

2.12.  

In this test method, a 0.2 ml drop of water is delivered from a fixed height onto the test specimen. 

The time taken for the water to be absorbed or to disappear from the surface is used as a measure 

of the specimen's wettability. A shorter absorption time indicates better wettability. If the 

absorption time exceeds 60 seconds, the test is terminated, and the specimen fails the evaluation.   

 

Figure 2-12. Fabric absorption process (AATCC 79) 
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AATCC TM79 Option-A is the most used absorbency test in the industry because it allows for the 

accurate and precise determination of both the rate of water flow (drops per milliliter) and the 

height above the specimen (in millimeters). However, there are some limitations to this test. For 

instance, the results can vary depending on which side of the fabric is tested. While water 

absorbency can provide insights into comfort, users of AATCC TM79 should be aware that these 

test results should not be the sole criterion for assessing comfort.  

Interpretation of results may be affected by whether the face or back of the fabric is tested. 

Additionally, AATCC TM79 exclusively uses distilled water; using any other liquids can lead to 

results that are not comparable. Furthermore, it is unclear how the results from AATCC TM79 

would compare to those from other absorbency testing methods. 

 

ὃὦίέὶὴὸὭέὲ ὶὥὸὩ 
   

  
 Equation 2.2 

 

2.3.2 Gravimetric absorbency testing system (GATS) 

 

This is another type of testing method used to evaluate absorbency. A machine at North Carolina 

State Universityôs College of Textiles measures the ability of fabric to absorb a continuously 

replenished amount of liquid moisture over a period. Several test instruments have been developed 

based on the GATS (Generalized Absorbency Test System), with the Allasso Absorbency 

Analyzer (AAA) being one of the recently introduced devices (Figure 2.14). The ISO 9073-12 test 

method (ISO 9073-12, 2002) outlines a procedure for assessing the absorbency of fabrics when 

one side is in contact with a liquid while under mechanical pressure. This test is designed to 

facilitate the comparison of absorbent materials, such as nonwovens, but it does not simulate the 

in-use conditions of finished products. (ISO 9073-12, 2002) 
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Figure 2-13. Different types of Gravimetric Absorbency Testing Systems (Source: picture taken by the author at NC State 

University laboratory) 

There are several international standard test methods that use GATS for testing absorbency in the 

laboratory environment.  

2.3.3 Forced Flow Water Transport Tester (FFWTT) 

There are other testing methods and equipment that use the GATS principle for measuring 

absorption, such as the ñForced Flow Water Transport Testerò (FFWTT). (Tang, Chau, et al., 

2015) (Figure 2.15) 
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Figure 2-14 Forced Flow Water Transport Tester (Tang, Chau, et al., 2015) 

 

Figure 2-15. Spontaneous Uptake Water Transport Tester (Tang, Wu, et al., 2015) 
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2.3.4 Summary of absorption test methods 

 
Table 2-2. Summary of different absorption test methods 

Test 

Method 

Purpose Amount of 

liquid 

Measures Limitations 

AATCC 

TM79 

Absorption 

performance for 

wet processes 

0.2 milliliters Absorption rate The specimen is not 

required to be prewashed 

prior to testing. Not 

applicable to measure 

comfort for sweat 

management 

GATS Measure the ability 

of fabric to absorb 

a continuously 

replenished 

amount of liquid 

moisture over a 

period 

continuous Measures the 

amount of 

liquid absorbed 

over time 

Not applicable to measure 

comfort for sweat 

management 

FFWTT Uses GATS 

principle for 

measuring 

absorption 

continuous Measures the 

amount of 

liquid absorbed 

over time 

Not applicable to measure 

comfort for sweat 

management 

SUWTT Absorption & 

transport 

properties of fabric 

continuous Track and rate 

of direction of 

water 

movement 

within a fabric 

Used for moisture 

management. 

 

2.3.5 Moisture Management 

Moisture management refers to the capacity of textiles to swiftly and effectively transport 

moisture away from the skin, thereby enhancing comfort, and it is measured in seconds. To 

evaluate a fabric's ability to transfer moisture, moisture management testers are employed to 

assess its performance in liquid absorption and distribution (Figure 2.17). The most widely used 

testing method for this purpose is AATCC TM195, which focuses on determining the liquid 

moisture management properties of fabrics. (TM195 RA63 AATCC, 2017) 

This test method assesses, evaluates, and classifies the liquid moisture management properties of 

textile fabrics. Human comfort perception is significantly influenced by how well clothing fits 
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and its dryness level. Relying exclusively on the results from the "Moisture Management Test" 

may be misleading, as discussed in section 13 of the AATCC/ASTM International technical 

supplement. Furthermore, this method may not be suitable for materials with a high overall 

absorbent capacity, as noted in section 5.4 of AATCC TM195. Another limitation of this test 

method is the variety of moisture management testers available on the market, each claiming to 

be the best. 
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Figure 2-16. Different Moisture Management test equipmentôs (TM195 RA63 AATCC, 2017) 
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Moisture management testing is conducted using a single drop of water in a controlled laboratory 

environment, following the AATCC TM195 test method from 2017. (TM195 RA63 AATCC, 

2017) Different laboratories may employ various testing devices.  

The ability of a fabric to absorb and transport sweat away from the skin is highly desirable for 

ensuring comfort and enhancing the performance of products such as sportswear, performance 

clothing, disposable hygiene materials, and medical products. 

Table 2-3. Grading Table of all Indices 

 

2.3.6 Limitations of the current Moisture Management Test methods 

There are several models of test equipment available, and each manufacturer claims that their 

equipment is superior to the others. If the equipment is improperly cleaned, the risk of human error 

increases. Additionally, there is no correlation between moisture management testing and sweat 

management. 
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Table 2-4. Summary of Moisture Management Test Method 

Test 

Method 

Purpose Amount 

of liquid 

Measures Limitations 

AATCC 

TM195 

Moisture 

management 

testing 

0.22ml Wetting time, 

absorption rate, 

wetted radius 

The specimen is not required to be 

prewashed prior to testing. 

Too many models and versions of 

instruments. 

Not applicable to measure comfort 

for sweat management 

Results may exhibit variability in 

data from one specimen to another. 

 

2.4 Wicking 

Wicking refers to the movement of liquids, such as sweat and water, through textile fabric via 

capillary action. In laboratory testing, distilled or deionized water is typically used at a temperature 

of 21 ± 2°C (70 ± 4°F). Various traditional and advanced test methods are utilized by laboratories 

worldwide to assess this phenomenon (Figure 2.18). 

The first step in any testing method is to wet the fabric to determine its liquid absorption capacity, 

which is evaluated using the AATCC TM79 test method. (TM79 RA63 AATCC, 2018) This 

original testing method for measuring the absorbency of textiles was developed to assist textile 

dyeing and finishing mills in understanding the impact and efficiency of fabric preparation for wet 

processing. Subsequent absorbency tests are performed following this initial evaluation. (TM79 

RA63 AATCC, 2018) The British standard testing method BS4554 for the wettability of textile 

fabrics, intended primarily for fabrics containing hydrophilic fibers, is also applicable for testing 

the absorbency of garments. 

Option B was introduced in 2004 to acknowledge variations from the original procedure that 

designers, developers, brands, and retailers have used to assess the ability of garment materials to 

absorb and retain liquids, specifically sweat, and water. The AATCC TM197 test method relies on 

an observation-based technique. For the test, a specimen sample measuring 10 ± 1.0 mm is 
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mounted in an embroidery hoop with the side to be tested facing up. The specimen's surface should 

be flat and wrinkled-free while ensuring that the fabric structure is not stretched or distorted. A 

specified medicine dropper is held approximately 100 mm above the test specimen, and a drop of 

water is then delivered. The time it takes for the drop of water to disappear is measured as an 

indication of the fabric's wettability. If the water absorption time exceeds 60 seconds, the test is 

terminated, and the result is recorded as a failure. 

When a series of open glass capillary tubes with progressively smaller diameters is submerged in 

a bowl of water, an intriguing phenomenon occurs: the height to which the water rises within the 

tubes inversely correlates with their diameter. This observation is based on the understanding that, 

within a water-air-glass system, water exhibits a greater affinity for the glass surface than for air. 

As a result, there is a preferential molecular interaction that favors water adhering to the glass 

instead of remaining exposed to air. This capillary action mirrors the behavior found in absorbent 

materials, such as sportswear fabrics, which effectively draw in sweat when in contact with skin. 

Generally, as the weight of the fabric decreases, the diameter of the yarn becomes smaller, leading 

to an increased wicking distance and a higher wicking rate. (Nemes, 2016)  

 

Figure 2-17. A general example of a water-air-glass system, the smaller the radius of the tubes, the higher the water rises against 

gravity. 
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The phenomenon of wicking height, or liquid capillary rise, demonstrates a significant relationship 

with capillary diameter. Specifically, it is observed that wicking height increases in capillaries with 

smaller diameters compared to those with larger diameters. This leads to the conclusion that the 

wicking rate is inversely proportional to the diameter of the yarn, emphasizing the crucial role of 

capillary dimensions in governing liquid movement through porous media.  

In this study, we investigated three different yarn diameters and confirmed an inverse relationship 

between the needle count of knitting machines and the yarn diameters. Specifically, as the diameter 

and weight of the fabric specimens increased, the needle count of the knitting machines decreased. 

In our research, we knitted the larger diameter yarns on machines with 108 needles, while the 

smallest diameter yarn was knitted on a machine with 200 needles. Additionally, this study utilized 

two distinct yarn types: Nylon and Polyester. 

2.4.1 Measuring Wicking Distance and Wicking Rate using ñImage Processing Methodò 

 

Image processing techniques leverage the principles of photogrammetry and computer vision. 

These methods involve utilizing a reference object (blank specimen) and comparing the pixel count 

that represents it against an actual measurement ruler. This test method focuses on calibrating a 

specimen mounted on a frame that includes a millimeter-scale ruler. By employing 

photogrammetry and computer vision system, this approach accurately determines the number of 

pixels per millimeter in the specified area. The study uses a custom red saline solution; the 

fluorescent red saline is specifically applied for darker specimens, while the hue, saturation, and 

value (HSV) color model is used to gauge the intensity of red pixels. Here, hue represents the pure 

color, saturation indicates the colorôs intensity or purity, and value (brightness) illustrates how 
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light or dark the color is. This methodology effectively addresses the challenge of accurately 

capturing height, even as the color becomes lighter with increasing height. 

ύ                                  Equation 2.3 

 

The wicking rate (w) is determined in the fitted model by taking the derivative of height with 

respect to time. This study plots height and time data. Due to the inconsistencies associated with 

knitted fabricsðsuch as pilling, varying knit patterns, and other variationsðthe wicking height 

may be linear with time. Therefore, a fitting model is necessary to obtain accurate height 

measurements. The purpose of curve fitting is to analyze the data and extract relevant physical 

parameters. (Von Meerwall, 1976) The model demonstrates a strong fit to the data, particularly in 

terms of reproducibility, as all charts from nine specimens of the same fabric exhibit similar 

trajectories, confirming the reproducibility. Furthermore, selecting multiple data points yields 

superimposed results, with observed variances ranging from 3 to 4 millimeters.  
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2.4.2 Vertical wicking (current test method) 

 

Vertical wicking of fabric is measured using the test method AATCC TM197, which was 

developed in 2011 by the AATCC committee RA63, (TM197 RA63 AATCC, 2018) and has 

undergone several revisions since. This test method evaluates the wicking rate (distance per unit 

of time) and the ability of vertically aligned fabric specimens to transport liquid along and through 

the material. Distilled or deionized water is used to measure the liquid's travel along the fabric 

specimen. The process is visually observed, and the time is manually recorded at specific intervals. 

There are two options for measuring the wicking rate using this test method:  

Option A (Figure 2.19) ï Measure time at a given distance: 

1. Determine which side of the fabric will be tested and mark it.  

2. If prewashing is required, perform the washing, then dry and condition the fabric.  

3. Cut all specimens to a size of at least 100 ± 5 mm from the selvage, specifically 165 ± 3 

mm by 25 ± 3 mm, with the long dimension parallel to the chosen fabric direction.  

- For length direction testing, align the long dimension of the template with the warp 

yarns (Wales).  

- For width direction testing, align the long dimension of the template with the filling 

yarns (Courses).  

4. Using a marking pen with soluble ink, mark intervals at 5 ± 1 mm, 20 ± 1 mm, and every 

10 ± 1 mm up to 150 ± 1 mm or more.  

5. Time how long it takes to reach the marked distance.  
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This structured approach ensures accuracy in evaluating the fabric's wicking properties.

 

Figure 2-18. AATCC TM197 Vertical wicking test materials (Source: TM197 RA63 AATCC, 2018) 

Option B involves measuring the water rise at specific intervals to maintain consistency with 

specimen dimensions and conditioning as outlined in Option A. Place a ruler vertically against the 

back of the elongated pan inside the box, ensuring that it touches the bottom. Monitor and record 

the water level in millimeters at the following time intervals: 2 ± 0.1 minutes, 10 ± 0.1 minutes, 

and 30 ± 0.1 minutes. 

The vertical wicking rate is calculated by dividing the wicking distance by the wicking time for 

that distance 

W = d/t Equation 2.3 

Where: 

W = wicking rate, mm/s 

d = wicking distance, mm 

t = wicking time, seconds 
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The short-period rate for Option A is determined based on either the time it takes to reach the 20 

± 1 mm line or the distance that the water has wicked in 5.0 ± 1 minutes. Option B's short-period 

rate is based on the distance the water has wicked in 2.0 ± 0.1 minutes. The long-period rate is 

calculated differently for each option. Option A is based on the time it takes to reach the 150 ± 1 

mm line or, if that line has not been reached, the distance the water has wicked in 30 ± 0.1 minutes. 

For Option B, the long-period rate is determined by the distance that the water has wicked in 10.0 

± 0.1 minutes. 

Wicking rate is measured in millimeters per second to assess fabric performance in wet processes. 

This includes evaluating Personal Protective Equipment (PPE) functions, such as synthetic blood 

absorption or penetration, and the performance of medical textiles like gauze.  

2.4.3 Limitations of the Vertical Wicking Test method: 

Á Dark fabric colors, prints, and designs may pose challenges during testing. 

Á The procedure manually measures the distance that water rises from the cut edge of a 

specimen.  

Á The results obtained from this test do not indicate comfort levels for consumers.  

2.4.4 Horizontal wicking  

Horizontal wicking of fabrics is measured using AATCC TM198 (TM198 RA63 AATCC, 2020) 

developed in 2011 and revised in 2020 (Figure 2.20). This test method evaluates the ability of 

horizontally aligned fabric specimens to transport liquid (either distilled or deionized water) along 

and through the material. The rate at which the liquid travels through the specimen is visually 

observed, manually timed, and recorded at specific intervals. This collected data is used to 

calculate the horizontal wicking rate.  
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Five fabric specimens, each measuring 200 mm x 200 mm ± 5 mm, are aligned with the fabric 

selvage or the longitudinal alignment of the garment panels. Prior to testing, the specimens are 

conditioned for at least 4 hours in a laboratory setting with a temperature of 21 ± 2°C and a relative 

humidity of 65 ± 5%. 

 

Figure 2-19. Horizontal wicking test configuration 

 

The horizontal wicking rate is calculated using the formula 

ὡ  “ρȾτ Ὠρ ὨςȾὸ          Equation 2.4 

Where: 

W = Horizontal wicking rate, mm² / second 

d1 = Wicking distance in the length direction in mm 

d2 = wicking distance in the width direction in mm 

t = wicking time in seconds 
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2.4.5 Limitation of horizontal wicking test  

This test is primarily designed for fabrics that can absorb the full 1 ml volume of the test liquid 

without pooling on the surface or allowing any dripping. Testing dark fabric colors, prints, and 

designs may be challenging. Additionally, the results obtained from this test do not reflect the 

fabric's comfort level. The relationship between the results of vertical and horizontal wicking tests 

is also not well understood. 

 
Table 2-5. Summary of different Wicking test methods 

Test 

Method 

Purpose Amount 

of liquid 

Measures Limitations 

AATCC 

TM197 

Evaluate the 

vertical distance 

travel of liquid of 

vertically aligned 

fabric 

Touching 

5 mm of 

specimen 

Vertical 

distance 

travelled in 

time 

The specimen is not required to 

be prewashed prior to testing. 

Limited number of data points 

taken. 

 

Not applicable to measure 

comfort for sweat management. 

 

AATCC 

TM198 

Evaluate the 

horizontal distance 

travel of liquid of 

horizontally aligned 

fabric 

1.0 ± 0.1 

mL 

The distance 

liquid 

spreads in 

width and 

length 

direction 

The specimen is not required to 

be prewashed prior to testing. 

 

Not applicable to measure 

comfort for sweat management. 

 

 

2.5 Drying  

Drying refers to the process of removing or evaporating liquid absorbed by fabric. Traditionally, 

drying has been assessed using various characteristics such as drying rate, drying time, or other 

related parameters. However, there is no universally accepted standard test method for measuring 

the drying capabilities of specific fabrics. Sustainability claims often promote the rapid drying of 

fabric in drying machines, which can result in lower energy consumption. Line drying, which 
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involves hanging garments outdoors, allows moisture to evaporate as water vapor; this method 

offers a strong sustainability advantage since it does not consume electrical energy. 

Modern clothes dryers utilize heated, forced hot air for drying. Some household dryers operate 

using electric resistance heating, where heat is generated by the dissipation of electrical energy 

through a resistive element. Others are gas-powered, using natural gas as their energy source. 

Common test methods for evaluating drying rates are currently conducted in laboratory settings, 

typically using 0.2 ml of water for these assessments. However, there is no established correlation 

between the amount of sweat and the 0.2 ml of water used in testing.  

2.5.1 Test Method for Determination of Moisture Drying Rate 

 

The ISO 17617 test method outlines a procedure for assessing the moisture-drying properties of 

various types of textile fabric. This standard includes three options (Figures 2.21-2.23). In Method 

A1, a specimen is suspended vertically from a frame that is supported by a balance underneath. 

(ISO 17617 Drying rate, 2014) 

 

Figure 2-20. ISO 17617 Drying test configuration 

In method A2, a specimen is placed on a topïpan balance. In both A1 and A2 options, the 

specimen is exposed to the test environment on both sides. 
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Figure 2-21. Drying configuration with scale on the bottom 

 

In method B, a specimen is placed flat in a dish that sits on a top pan balance, only exposing its 

uppermost surface to the environment.

 

Figure 2-22. Drying configuration with specimen exposed 
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The results obtained using methods A1 and A2 are comparable; however, the results are not 

similar to the results from method B for the same specimen. Therefore, this test method is 

unsuitable for determining the drying rate of textiles in other forms, such as loose fibers or yarn.  
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2.5.2 Evaluation of absorption and quick drying of textiles 

The evaluation of absorption and quick drying is conducted according to GB/T 21655.1-2008. In 

the GB/T 21655 test method, 0.2 ml of water is dropped onto the fabric surface, and the weight of 

the wet fabric (m0) is recorded. The fabric is then placed in a standard atmosphere for 30 minutes 

to dry. After this period, the wet fabric (m30) is reweighed. The drying rate is calculated using the 

following equation and is expressed as grams of water loss per hour (GB/T 21655.1-2008 English 

PDF (GBT21655.1-2008) ï Sales@ChineseStandard.Net (Field Test Asia Pte. Ltd.), n.d.) 

Ὀὶώ ὙὥὸὩ Ϸ
Ȣ
 ὼ ρππϷ           Equation 2.4 

2.5.3 Test method for drying time of textiles: Moisture analyzer 

In the AATCC TM199 test method, the drying time of textiles using a moisture analyzer is 

evaluated at a preselected elevated temperature of 37° ± 2° C (99 ± 4°F) with a gravimetric 

moisture analyzer (Figure 2.24). (TM199 RA63 AATCC, 2018) Ten round specimens, each 

measuring 70 ± 1 mm, are cut diagonally across the width of a sample. This approach ensures that 

different combinations of length and width yarns are represented in the specimens. The moisture 

retention and the amount of water to be added, measured in milliliters, are calculated using the 

formulas provided below. 

ὓέὭίὸόὶὩ ὙὩὸὩὲὸὭέὲ Ϸ ρzππ            Equation 2.5 

Where W1 = dry weight, in grams, W2 = saturated weigh, in grams 

ώ  
ᶻ

                                                         Equation 2.6 

Where y = amount of water to add in ml; x = moisture retention and W1 = dry weight of specimen 

in grams 
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Water is evenly applied over the surface using an electronic motorized pipette. Next, place the 

wire screen on top of the specimen and start the analyzer. The moisture analyzer or software will 

automatically end the test once the selected endpoint is reached.  

 

Figure 2-23. Specimen with wire screen in gravimetric moisture analyzer 

Limitations  include this test method being performed in non-standard textile testing conditions, 

and this test can be performed at various temperature settings of the moisture analyzer. This 

method is limited and not applicable to fabrics with absorbency time greater than 30 seconds. The 

results obtained by this test are not a measure of comfort. 

2.5.4 Test Method for drying rate of textiles at their absorbent capacity using the Airflow 

method 

The AATCC TM200 test method for determining the drying rate of textiles involves assessing 

their absorbent capacity through an air flow method (Figure 2.25). This test measures the drying 

rate based on the evaporation rate that occurs when textiles reach their approximate absorbent 

capacity (the maximum amount of liquid a material can hold). (TM200 RA63 AATCC, 2017) 

(Figure 2.26) 

Three specimens measuring 15 x 15 ± 3 cm should be cut from the right, center, and left areas of 

the sample or from different sections of the garment, such as the sleeve, back, and front. Use paper 
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towels measuring 5 x 14 cm, preferably colored light blue, as the paper will show a color change 

when wet.  

First, measure the dry temperature of each specimen and record the readings (follow steps 10.1 to 

10.5 of the procedure). Next, dispense water at a constant delivery rate of 0.2 ± 0.0016 mL/s (refer 

to steps 10.6 to 10.8). The maximum volume of water that is absorbed by the textile without 

passing through and wetting the paper towel is known as the absorbent capacity (Vm). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Position the IR 

thermocouple probe in the middle of the specimen 1 cm above the surface, let the specimen dry 

until the temperature returns to dry specimen temperature recorded per step 10.5 

 

Figure 2-24. Different views of equipment used to perform AATCC TM 200 testing 
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Calculate the drying rate (R) using the formula below: 

Ὑ  
 

 Equation 2.7 

Where R = Drying rate, in milliliter per hour; V = volume of water used in milliliter 

Drying time = end time ï start time in hours 

 

Figure 2-25. AATCC TM200 Drying time plot 

2.5.5 Test method for drying rate of fabrics using the heated plate method 

 

The AATCC TM201 test method for the drying rate of fabrics using the heated plate method 

determines the drying rate of a fabric exposed to a prescribed volume of water while in contact 

with a heated plate set at 37°C (99°F) (Figures 2.27 and 2.28). Specimens are prepared by cutting 

15 X 15 ± 0.5 cm of fabric samples from the right, center, and left locations across the sample 

width, or in the case of a garment sleeve, back and front, in the case of circular knit fabric, slit, the 

specimen lengthwise, in the case of socks or hosiery. (TM201 RA63 AATCC, 2014) 



   

42 

 

 

Figure 2-26. AATCC TM201 Heated plate testing apparatus 

 

Turn on the temperature controlled for the flexible heater and fan to let metal plate temperature 

stabilize to 37 ± 1°C, place test specimen on the metal plate for five minutes to allow the specimen 

to equilibrate to the metal plate temperature, apply 0.2 ± 0.003 milliliter of water, the start time is 

when the specimen comes in contact with the water, collect and record the temperature every 

second until temperature returns to the initial temperature.  

Calculate the drying rate (R) using the following equation: 

Ὑ  
 

 Equation 2.8 

Where R = drying rate in milliliter/hour; V = volume of water used in milliliter and  

Drying time = end time ï start time in hours 

Plot temperature versus time to determine dry time 
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Figure 2-27. AATCC 201 Drying time plot 

2.5.6 Limitations of drying test methods: 

 

This test method is conducted under controlled laboratory conditions with a specific amount of 

water. However, there is no correlation between the results of this test and the fabric drying rate 

in conditioned indoor environments. There are multiple standard test methods, each considered 

effective for measuring the drying properties of fabrics. 
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Table 2-6. Summary of different fabric drying test methods 

Test 

Method 

Purpose Amount 

of liquid 

Measures Limitations 

ISO 

17617 

Determine 

moisture 

drying rate. 

0.3 ± 0.01 

ml of 

water 

Drying 

rate 

Tests cannot be performed if water is 

not absorbed. 

The specimen does not need to be 

prewashed before testing. 

This does not apply to measuring 

comfort for sweat management. 

Several different test method standards 

can be used to determine drying rate. 

GB/T 

21655 

Evaluation of 

absorption 

and quick 

drying of 

textiles 

0.2 ml Drying 

rate 

Tests cannot be performed if water is 

not absorbed. 

The specimen does not need to be 

prewashed before testing. 

This does not apply to measuring 

comfort for sweat management. 

Several different test method standards 

can be used to determine drying rate. 

AATCC 

TM199 

Determine 

drying time 

moisture 

analyzer. 

Amount 

absorbed 

by 

specimen 

for one 

minute. 

Moisture 

retention 

and drying 

time to 

original 

weight. 

The results obtained by this test do not 

measure comfort, which is beyond the 

scope of this test method. 

The specimen does not need to be 

prewashed before testing. 

Between laboratory precision has not 

been established. 

AATCC 

TM200 

Determine 

drying rate of 

textiles at 

their 

absorbent 

capacity. 

Maximum 

volume of 

water 

absorbed 

by 

specimen 

without 

passing 

through 

and 

wetting 

the paper 

towel. 

Drying 

rate 

This method is not for testing the drying 

rate for sock, hosiery or circular knit 

fabrics. 

The specimen does not need to be 

prewashed before testing. 

Absorbency time greater than 30 

seconds cannot be tested. 

The results obtained by this test do not 

measure comfort, which is beyond the 

scope of this test method. 

Between laboratory precision has not 

been established. 

AATCC 

TM201 

Determine the 

drying rate of 

fabric while in 

contact with a 

heated plate. 

0.2 ± 

0.003 ml 

Drying 

rate 

The specimen does not need to be 

prewashed before testing. 

Between laboratory precision has not 

been established. 

This does not apply to measuring 

comfort for sweat management. 
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2.6 Research Gaps 

 

The textile and apparel industry has been continuously striving for innovation, research, and 

development (R&D) to create new yarns, fabrics, and topical treatments. such as Sorbtek by UniFi 

(UniFi, n.d.) and AEGIS Vesta by Scentry Revive (Microban, n.d.). These sophisticated 

technological fabrics claim to enhance comfort during wear by incorporating several essential 

characteristics, such as improved absorbency, a faster rate of liquid distribution, and quicker drying 

times.  

 

A variety of technical standard organizations, such as AATCC, ASTM, ISO, BSI, JIS, and BIS, 

offer a range of international testing standards for these materials. However, the simultaneous 

measurement of absorption rate, drying rate, and wicking rate using digital instruments presents a 

significant opportunity to evaluate sweat management. This approach could effectively address 

existing gaps in current testing methods and provide a clearer understanding of garment comfort. 

 

1. The existing testing methods were designed to evaluate fabric performance in 

manufacturing processes; however, measuring comfort falls outside the scope of these test 

methods.   

2. The current testing protocols do not require specimens to be pre-washed (to remove 

contaminations) prior to conducting tests.   

3. Between laboratory precision has not been established.   

4. Various instrument models are available for measuring Moisture Management, 

Absorption, and Drying Rate, with each manufacturer claiming superiority over its 

competitors.   
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5. Manual testing is subject to human errors.  

6. Limited amounts of measurement data make accurate rate predictions difficult.  

 

The primary objective of this research is to develop testing methods that enable automatic digital 

readings, yielding objective evidence that can be reviewed at any time. The data collected and 

recorded will be in real time, ensuring accuracy, reliability, and repeatability across laboratories 

worldwide. This test aims to assess the garment's sweat comfort level by concurrently measuring 

absorption, wicking, and drying rates within the same environment.  
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CHAPTER  3: MOTIVATION  

This research addresses critical gaps and limitations in tier-1 laboratory test methods. This study 

developed a simplified testing set-up, a highly accurate and repeatable test method called ñSweat 

Management.ò This method measures a combination of absorbency, spreading, and drying of 

sweat and correlates these factors to the comfort performance of garments. This research aims to 

create a new testing method that evaluates the combined properties of sweat absorption, 

transportation, and evaporation in fabrics. This includes examining the initial contact of sweat with 

dry fabric, the time taken for the fabric to absorb sweat, and how quickly and effectively the sweat 

spreads in all directions across the fabric. Additionally, this study assesses the drying rate, which 

is crucial for wear comfort.  

 

Figure 3-1. Sweat management (Sweating, absorption, wicking, and evaporation) (Source: original figure created by the author) 

 

This test method can be performed anywhere in the world, regardless of geographical location, 

and it has an impact on environmental conditions, and it can obtain consistent and accurate 

outcomes.  Developing this new testing approach will provide accurate measurements of the sweat 

management function of fabrics made from continuous filament yarns with various cross-sections 

and spun yarns created from different staple fibers with diverse deniers, cross-sections, and staple 

lengths. Currently, there is no international standard for testing combined factors such as fabric 
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absorbance, sweat-wicking or spreading, and sweat drying after sweat has spread. This motivates 

me to create a new international standard test method that will measure these factors accurately 

and repeatably, regardless of location. Additionally, this test method measures the rate of 

evaporation from the fabric simultaneously as sweat is absorbed. This increases the potential for 

the fabric to absorb more sweat while maintaining continuous comfort. 
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CHAPTER  4: RESEARCH METHODOLOGY  

4.1 Purpose 

 

This research aims to develop a new, consistent, repeatable, and reproducible test method for 

measuring the combined effects of sweat absorption, transfer, and evaporation rates in textiles. 

This method aims to evaluate the functional aspects of fabric comfort, focusing on the three "F's" 

(fit, form, and function) and highlighting advancements in fabric technologies (Figure 4.1). 

 

Figure 4-1. Fit, Form, Function cycle 

 

Moisture in clothing is the most significant factor contributing to discomfort during wear. The 

presence of sweat increases friction between the fabric and the skin, leading to a clingy and 

uncomfortable sensation. The newly designed garment utilizes innovative technological yarns and 

constructions that not only meet but also exceed the intended sweat management design, providing 

physiological comfort to the body. The human body must maintain its core temperature between 

97°F and 98.6°F for proper physiological functioning. When the body exceeds this temperature or 

feels heat, the eccrine sweat glands activate and produce sweat. Clothing designed with effective 

sweat management properties helps absorb, spread, and evaporate sweat through the fabric, 

 
 

 
Function 
Sweat 

Management 

 Fit 

Form 
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keeping the skin feeling dry and cool, and allowing the body to return to its comfortable 

temperature of 97°F. This ultimately enhances overall comfort. 

 

Figure 4-2. Sweating and absorption 

 

4.2 Objectives 

The objectives of this study are as follows:  

a) Develop a Tier-2 test method for sweat management that combines simultaneous testing of 

sweat absorption, transport, and evaporation.  

b) Conduct testing, verification, and validation of new test methods to measure repeatability 

and reproducibility.  

c) Perform a comparative analysis between the new sweat management test method and ISO 

17025-certified third-party laboratory results, using the same specimen for both tests.  

d) Evaluate and provide objective evidence when testing dark-colored and printed fabrics 

using luminescent or fluorescent dye under black light.  

e) Address the limitations of existing test methods discussed in Chapter 2 of the literature 

review.  
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f) Conduct fabric-level testing on circular knit fabrics, including flat knit and terry knit 

constructions, regarding their sweat management capabilities.  

This new testing method will be applicable to innovative fabrics made from various synthetic 

yarns with different cross-sections, including spun yarns made from diverse staple fibers and 

lengths. This will also encompass bicomponent to quad-component yarns, as well as fabrics 

created from blends of yarns. As illustrated in Figure 4.3, these innovative fabrics effectively 

absorb, spread, and evaporate sweat, helping keep the skin dry and enhancing the wearer's 

comfort.  

 

Figure 4-3. Comfort due to fabric performance (Source: original figure created by the author) 

4.3 Exploration of Hypothesis 

There is a direct relationship between consumer satisfaction and the products the consumer will 

purchase, particularly in the apparel textile industry. This relationship involves a cost-benefit or 

cost-reward analysis, where behavioral achievement depends on the motivation and ability of both 

consumers and producers. The fundamentals of cost-benefit analysis and behavior achievement 

are detailed in social exchange theory and the theory of planned behavior. This study employs 

quantitative methods and newly developed testing procedures to evaluate the performance of the 

products offered to consumers. The results of functional performance tests will indicate how 
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consumers rate functional satisfaction with the product, which in turn will influence their brand 

loyalty or intention to switch brands. Brands, manufacturers, and retailers focus on developing 

apparel that meets specific desires and needs. While testing currently occurs in laboratory 

environments, the apparel is ultimately used in everyday wear settings. To test the hypothesis 

related to "Sweat Management" as the dependent variable, this study examines three independent 

variables: absorption rate, wicking rate, and drying rate. This utilizes an experimental design 

involving three types of fabrics made using Polyester, Nylon, and Cotton yarn. 

Hypothesis 1: Absorption rate: When wearing a garment, the amount of sweat absorbed from 

the body in a given time is the absorption rate of the fabric.   

In this study, it is hypothesized that the absorption rate of fabric measured using the ñSweat 

Managementò test method has a higher absorption rate and accuracy than using the current 

absorption rate measuring test method.   

ὃὦίέὶὴὸὭέὲ ὶὥὸὩ 
   

  
 Equation 4.1 

 

H1: The absorption rate of fabric measured using the ñSweat Managementò test method has 

a higher absorption rate and accuracy than using the current absorption rate measuring test 

method.   

Hypothesis 2 Wicking rate: ñWò is the spreading of sweat after being absorbed from the body to 

all directions in the fabric through capillary action in a given time. In this study, it is hypothesized 

that the wicking rate of fabric measured using the ñSweat Managementò test method has a higher 

wicking rate and accuracy than using the current wicking rate measuring test methods.  

W = d/t Equation 4.2 

Where: 

W = wicking rate, mm/s 
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d = wicking distance, mm 

t = wicking time, seconds 

H2: Wicking rate performance of fabric using the ñSweat Managementò test method has a 

higher Wicking rate and accuracy than using the current wicking rate measuring test 

methods.  

Hypothesis 3 Drying rate: ñRò is the amount of sweat evaporated from the fabric in a given time. 

This study hypothesizes that the drying rate measured using ñSweat Managementò test method has 

a higher Drying rate and accuracy than that using current drying rate measuring test methods. 

Ὑ  
 

 Equation 4.3 

Where, 

R = Drying rate, in milliliter per hour;  

V = volume of water used in milliliters 

Drying time = end time ï start time in hours (or minutes) 

 

H3: The drying rate performance of fabric using the ñSweat Managementò test method has 

a higher Drying rate and accuracy than that measured using current drying rate measuring 

test methods. 

 

 

 

 

 

 

 

Absorption Rate 

H1 

Wicking Rate Sweat 

Management 
H2 

H3 

Drying Rate 

Hypothesis 

Figure 4-4. Hypothesis Model (Source: original figure created by the author) 
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4.4 Materials and Method 

Three types of yarnsðPolyester, Nylon, and Cottonðare used to make circular knit fabric samples 

using 108, 144, and 200 needle knitting machines. This study uses two types of knit constructions: 

Flat knit and Terry knit. Flat knit is the simplest construction and gives the thinnest construction. 

 

Figure 4-5. Flat Knit construction (Source: sample picture taken by the author) 

 

Terry Knit is also called cushion; terry loops around the entire fabric, looking like a towel. This 

can be bulky. 

 

Figure 4-6. Terry Knit construction (Source: sample picture taken by the author) 
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Table 4-1. Yarns used by needle count of knitting machines 

Specimen 

Reference Type Needle count Fiber content Knit type 

Ref#3 Cotton 10/1 108 97% Cotton Black Welt Terry 

Ref#5 TS179927 Cotton 16/1 144 97% Cotton Terry 

Ref#6 TS174954 Nylon 20D 2/70/24 108 Nylon Terry 

Ref#6 TS174954 Nylon 20D 2/70/24 108 Nylon Flat 

Ref#7 TS174961 Nylon 20D 2/70/34 144 Nylon Terry 

Ref#7 TS174961 Nylon 20D 2/70/34 144 Nylon 70707 Flat 

Ref#8 TS174962 Nylon 20D 2/70/24 200 Nylon Terry 

Ref#8 TS174962 Nylon 20D 2/70/24 200 Nylon Flat 

Ref#11 TS179145 Nylon PA11 70/34 200 Nylon Flat 

Ref#11 TS179145 Nylon PA11 70/34 200 Nylon Terry 

Ref#12 TS174959 Polyester 1/150/34 108 100% Poly Flat 

Ref#12 TS174959 Polyester 1/150/34 108 100% Poly Terry 

Ref#13 TS174960 Polyester 20D 2/70/24 200 100% Poly Flat 

Ref#13 TS174960 Polyester 20D 2/70/24 200 100% Poly Terry 

Ref#14 TS174958 Polyester 20D 2/70/24 144 100% Poly 70709 Flat 

Ref#14 TS174958 Polyester 20D 2/70/24 144 100% Poly Terry 
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CHAPTER  5: TEST METHOD  

5.1 Forward  

Innovative apparel products specifically tailored for the health and fitness sector, as well as for 

casual everyday use, necessitate the assessment of wear comfort through a comprehensive 

evaluation of key fabric properties, namely absorption rate, wicking rate, and drying rate 

associated with sweat characteristics. This study aims to develop a testing methodology that 

concurrently measures these parameters, which have gained significant importance in determining 

fabric performance and consumer satisfaction. 

Established testing standards from recognized organizations, including the American Association 

of Textile Chemists and Colorists (AATCC), the American Society for Testing and Materials 

(ASTM), and the International Organization for Standardization (ISO), traditionally evaluate 

absorption, wicking, and drying rates in isolation within controlled laboratory settings. However, 

the proposed methodology introduces an innovative approach that utilizes custom software in 

conjunction with a Raspberry Pi platform and a high-resolution Camera to facilitate simultaneous 

assessment. 

This novel testing framework operates by quantifying wicking performance through the 

measurement of pixels per millimeter, while absorption and drying rates are determined via precise 

digital timing and the utilization of a Mettler scale, capable of measuring weight with up to five 

decimal digits of accuracy. By employing this comprehensive testing protocol, the study aims to 

enhance the characterization of wear comfort performance in garments, ultimately contributing to 

the advancement of apparel technology in the health and fitness industry. 
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5.2 Purpose and Scope 

 

This test method is intended to verify and validate wear comfort through the assessment of sweat 

management performance in test specimens. It involves measuring the combined absorption rate, 

wicking rate, and drying rate of apparel. This method is applicable to textiles made from any fiber 

content and construction, including woven fabrics, flatbed knits, circular knits, and non-woven 

fabrics. The test can be conducted in indoor environments or controlled laboratory conditions. 

5.3 Principle 

 

Á Fabric Weight: This is measured in grams per square meter. A specimen can be any size, such 

as one meter by one meter, 10 centimeters by 10 centimeters, or 12.5 centimeters by 8 

centimeters. 

Á Absorbency Rate: To determine the absorbency rate, first weigh the dry textile specimen and 

record its weight. Next, using a syringe, drip two milliliters of colored saline solution onto the 

specimen. Measure the time taken for the entire saline solution to be absorbed and note the 

absorption time. The maximum contact time between the sample and the saline solution should 

not exceed 60 seconds. After absorption, weigh the specimen again; the difference in weight 

will indicate the amount of saline solution that has been absorbed. 

Á Drying Rate: After completing the absorbency test, hang the specimen on a drying frame for a 

duration of 30 minutes. Following this time, weigh the specimen again. The weight loss is 

determined by subtracting the weight of the specimen after drying for 30 minutes from the 

absorbed weight. The drying rate is reported in milliliters evaporated in 30 minutes (ml/min), 

milliliters evaporated per second (ml/sec), and milliliters evaporated in one hour (ml/hour). This 

calculation yields information on the volume of sweat that has evaporated and the percentage 

of moisture retained. 
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Á Wicking rate:  The wicking rate is assessed using specimens that measure between 80 and 100 

millimeters in width and over 300 millimeters in length. To ensure they remain straight and do 

not curl, the specimens should be mounted on a steel frame. A Raspberry Pi, along with custom 

software, is employed to measure the sweat traveling vertically upward, taking readings up to 

six times per second until the height reaches 101 millimeters or 600 seconds elapse, whichever 

occurs first. The wicking rate is then calculated by dividing the distance traveled by the time in 

seconds. 

5.4 Terminology 

 

Á Fabric is a planar structure made from yarns or fibers and can be produced through knitting, 

weaving, or non-woven methods. 

Á Sweat Management refers to the controlled movement of sweat from the skin surface to the 

environment through the fabric. 

Á Absorbency is the ability of the fabric to take in and retain sweat or water, which affects the 

comfort of textiles against the skin. Hydrophilic fibers readily absorb moisture. 

Á Moisture-wicking fabric quickly absorbs and moves sweat away from the body to the 

atmosphere through drying or evaporation. 

Á Wicking Rate is the speed at which liquid travels through the textile specimen. 

Á Drying Rate: indicates the change in volume per unit time of a liquid evaporating from the 

textile. 

Á Moisture retention ï is measured by taking a dry weight of a specimen, then submerging the 

dry specimen in two milliliters of saline solution for 60 seconds and weighing the specimen 

again after that duration. The difference in weight represents the milliliters of sweat retained. 
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Á Weight loss ï is defined as the difference between the saturated weight of a specimen and its 

weight after drying, measured at predetermined intervals (every 5 minutes). 

5.5 Safety Precautions 

 

These safety precautions are provided for informational purposes only. They are intended to 

supplement the testing procedures and do not encompass all possible safety measures. The user is 

responsible for applying safe and proper techniques when handling materials involved in this test 

method. Manufacturers must be consulted for specific information, such as Safety Data Sheets 

(SDS) and other recommendations. Additionally, all OSHA standards and regulations must be 

reviewed and adhered to. Always wear appropriate safety and personal protective equipment 

during testing. 

5.6 Uses and Limitations 

 

Á The absorption, wicking, and drying of sweat, saline solution, distilled water, or deionized water 

(including tinted or dyed solutions) through a fabric can be influenced by various factors, 

including fiber type, fabric construction, exhaustion in the testing process, topical treatments, 

chemical processing, or a combination of these elements. 

Á Testing the wicking properties of dark-colored fabrics can be challenging; however, using 

soluble fluorescent ink of a contrasting color or employing an infrared thermal imaging camera 

can improve the visibility of the marks. 

Á Similarly, assessing the wicking properties of curled fabrics can be difficult. Using stainless-

steel needles can help keep the fabric straight during testing. 

5.7 Apparatus, Reagents and Materials 

 

Á Saline solution, distilled water, or deionized water. 
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Á Water-soluble food coloring for white fabrics or water-soluble fluorescent dye (Telon 

Rhodamine M-B) for dark printed fabrics. 

Á Calibrated Scale that can weigh up to 1000 grams. 

Á Stopwatch or digital timer. 

Á Tape or ruler, millimeters graduations. 

Á Wicking and drying test instrument. 

       

Figure 5-1. Vertical Wicking and Drying Fixture (Source: original instrument picture taken by the author) 
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Figure 5-2. Mounting frame to ensure the specimen never curls and stays immersed in saline solution (Source: original 

instrument picture taken by the author) 

 

Á Erlenmeyer flask or elongated pan. 

Á Pipette and syringe. 

Á Scissors and round blade fabric cutter, base to cut fabric. 

Á Weight with hooks that hold the specimen into the elongated pan with saline solution. 

Á Binder clips to hold the specimen on the top. 

Á One hundred millimeters wide and two hundred fifty millimeters long template to cut specimen.  

Á Disposable gloves, eyewear protective glasses, and aprons. 
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Figure 5-3. Stainless-steel Frame to keep the Mounted Specimen Straight (Source: original instrument picture taken by the 

author) 

5.8 Specimens 

 

Á Wash specimens for a minimum of three home laundry and dry them. 

Á Determine the fabric side that will touch the skin and mark the specimen as the side to test. If 

the testing is to be performed after laundering, use permanent ink marking on the fabric side 

chosen for testing. 

Á Use clean areas and gloves when handling test specimens. 

Á Specimen size for wicking is 100 mm wide and a minimum of 185 mm long (±3 mm). Specimen 

size for Absorption and drying is 100 mm X 100 mm (±3 mm). The weight of 100 mm X 100 

mm *100 will provide the GSM (Grams per Square Meter (g/m2) weight of the specimen with 

a measurement tolerance of (±3 mm).  
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Á According to the size described above and shown in the figure below, cut 9 specimens for 

wicking, 9 specimens for absorption, and drying. 

 

Figure 5-4. Absorption & Drying Specimen Wicking Specimen (Source: original instrument picture taken by the author) 

 

5.9 Conditioning 

 

Since testing is performed in standard environmental conditions, no conditioning is required.  

5.10 Absorption Rate Testing Procedure 

 

Á Perform all tests in the standard Indoor or laboratory environment for testing 

Á Mark each 10 cm x 10 cm specimen in numerical order. 

Á Weigh The Frame and record the weight of the frame in grams. When using the Mettler scale, 

the weight is transferred automatically. 

Á Mount the test specimen on the frame and weigh the frame + test specimen, record the weight.  
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Weight of specimen = (weight of frame + specimen) ï weight of frame            Equation 5.1  

Á Add two milliliters of saline solution using the syringe all over the specimen. Measure the time 

starting from when the drop of saline solution is started to drop, spread 2 milliliters of saline 

solution all over the specimen, and when all the saline solution has completed absorption, record 

it as the stop time. Record the total time of absorption for each specimen. 

Á Weigh the specimen to determine the total saline solution absorbed. 

Weight of saline solution absorbed = wet weight of specimen ï weight of specimen                                               

                                                                                                                                    Equation 5.2 

Á Record the data as shown in the example shown below. 

 

Table 5-1. Example of data for calculating the absorption rate 

Reference 
Needle 

count 
Construct Yarn 

Dry 

Weight 

grams 

ml 

dep 

Wet 

weight 

grams 

ml 

absorbed 

absorb 

time 

seconds 

absorption 

rate 

ml/time sec 

TS174959-1 108 Flat knit Polyester 4.56 2 6.27 1.71 8 0.21 

TS174959-2 108 Flat knit Polyester 4.47 2 6.25 1.78 8 0.22 

TS174959-3 108 Flat knit Polyester 4.4 2 6.26 1.86 8 0.23 

TS174959-4 108 Flat knit Polyester 4.46 2 6.21 1.75 7 0.25 

TS174959-5 108 Flat knit Polyester 4.47 2 6.23 1.76 8 0.22 

TS174959-6 108 Flat knit Polyester 4.52 2 6.26 1.74 8 0.22 

TS174959-7 108 Flat knit Polyester 4.46 2 6.24 1.78 8 0.22 

TS174959-8 108 Flat knit Polyester 4.45 2 6.27 1.82 8 0.23 

TS174959-9 108 Flat knit Polyester 4.56 2 6.26 1.7 8 0.21 

Average    4.48   6.25 1.77 7.8 0.23 

Std dev    0.05   0.02 0.05 0.45 0.01 
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5.11 Drying Rate Testing Procedure 

 

Á Leave the wet specimen from the absorption test in open air next to the Mettler scale on the 

frame as illustrated in Figure 5.6 below. 

Á Start the digital timer set for 30 minutes, and dry the specimen in the open air for 30 minutes. 

Figure 5-5. Dry weight and absorption weight after 2ml addition of saline solution(example) 

(Source: original instrument picture taken by the author) 
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Figure 5-6. Drying Fixture (Source: original instrument picture taken by the author) 

 

Á When the timer reaches 30 minutes, weigh the specimen + frame, record the weight of frame 

+ specimen, the weight data provides information on the amount of saline solution evaporated, 

and the data is recorded in the computer. 

Table 5-2. Example of data for calculating drying rate 

Reference 

Needle 

count 

Const 

ruction yarn type 

Dry 
Weight 

grams 

ml 

Deposit 

Wet 
weight 

grams 

ml 
abso

rbed 

Dry 
weight 

in 

grams 
30 

mins 

ml 
evaporated 

per 30 mins 

Drying 
Rate in 

mL/min 

Drying 
Rate in 

mL/hr. 

TS174959-1 108 Flat knit Polyester 4.56 2 6.27 1.71 5.29 0.98 0.033 1.96 

TS174959-2 108 Flat knit Polyester 4.47 2 6.25 1.78 5.34 0.91 0.030 1.82 

TS174959-3 108 Flat knit Polyester 4.4 2 6.26 1.86 5.32 0.94 0.031 1.88 

TS174959-4 108 Flat knit Polyester 4.46 2 6.21 1.75 5.32 0.89 0.030 1.78 

TS174959-5 108 Flat knit Polyester 4.47 2 6.23 1.76 5.37 0.86 0.029 1.72 
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TS174959-6 108 Flat knit Polyester 4.52 2 6.26 1.74 5.38 0.88 0.029 1.76 

TS174959-7 108 Flat knit Polyester 4.46 2 6.24 1.78 5.24 1 0.033 2 

TS174959-8 108 Flat knit Polyester 4.45 2 6.27 1.82 5.28 0.99 0.033 1.98 

TS174959-9 108 Flat knit Polyester 4.56 2 6.26 1.7 5.26 1 0.033 2 

Average  

Flat 

knit  Polyester 4.48   6.25 1.77 5.31 0.94 0.03 1.88 

Std dev  

Flat 

knit  Polyester 0.05   0.02 0.05 0.05 0.05 0.00 0.10 

 

Calculations: 

R=V/Drying time TS174959-1 = (6.27-5.29)/30 =0.033/minute             Equation 5.3 

Where  R = drying rate in ml/minute; V= volume of water evaporated (wet weight ï weight 

after drying); Drying time = 30 minutes = 0.5 hour  

 
Figure 5-7. Dry weight, Weight after absorption and weight after 30 minutes of drying (example) (Source: original instrument 

picture taken by the author) 

 

5.12 Wicking Distance and Wicking Rate Testing Procedure 

 

Á The rate at which liquid flows (distance per unit of time) through and along a fabric specimen 

is digitally meticulously recorded every 1/6 of a second, continuing until it either reaches 101 

millimeters or hits the 600-second mark. 
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Á The number of pixels per millimeter is determined using a Raspberry Pi equipped with a 16mm 

1:1.4 lens. This pixel density is crucial for the software, which accurately calculates the 

distance traveled by the colored dye every 1/6 second.  

Á Cut at least nine specimens, each measuring 185 ± 3 mm in length, and either 80 mm or 100 ± 

3 mm in width, as shown in the specimen figure 5.4. 

Á Mount the specimen on the 80 mm or 100 mm frame depending on the specimen width. 

 
Figure 5-8. Vertical wicking fixture with the specimen mounting frame (Source: original instrument picture taken by the author) 

 

Á Dissolve red food coloring dye in saline solution and shake the solution to ensure the food 

coloring is dissolved. This saline solution is used for white and light-colored fabrics 

Á Fluorescent dye combined with Black light is the definitive method for measuring the wicking 

properties of dark-colored specimens.  

Á Pour the red saline solution confidently into the tray, filling it just above the marked line. 
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Figure 5-9. Fluorescent Dye and Black Light (Source: original instrument picture taken by the author) 

   

5.13 Digital Calibration and Wicking Test Procedure 

 

Á To ensure optimal testing results, complete five home laundry and drying cycles of the prepared 

specimens to be tested. 

Á Condition the specimens by leaving them open in the appropriate environment, whether 

laboratory or indoors environment, depending on where the testing will take place. 

Á Fill the tray with colored saline solution.  

Á Hang the frame in its position on the test instrument, and turn on the light on the table lamp. 

Á Turn ON the Raspberry Pi Computer. 

Á Click on Start Wicking (Green Tab). 

Á The calibration screen box will pop up. The specimen on the frame with the red box will show 

on the screen. Click on the red line of the box that needs adjustment, and use the number 

keyboard area to scroll the red line as required. 
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Á The bottom redline is set at zero, the top redline of the box is set to the maximum height, and 

read the readings of the top of the box in millimeters. 

Á Press ñqò once the red box is completed per visual requirements. 

 

Figure 5-10. Calibration Box 

Á A pop-up box will appear to save height in mm; please enter the height in millimeters and click 

OK. 

Á In the top right corner of the sweat management screen, a message will display stating 

"calibrating." Please note that this process may take some time.  

Á After the message changes to "Calibration complete," a pop-up box will appear with the 

message "Start tracking". 

Á Place the red dye container in its designated location, and then click the "Yes" button to begin 

the tracking process while also placing the frame with the specimen into the red dye. 
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Figure 5-11. Vertical Wicking Tracker Screen Shot 

 

-  

Figure 5-12. Geometry of Wicking Green Box ñArea of Interestò 

Á The wicking tracker will monitor and record data, provide real-time video of the rising liquid, 

display a real-time chart, and summarize the process once the wicking tracking is completed. 

Á The wicking rate is calculated continuously using the formula 
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W = d/t                                               Equation 5 4  

 Where:  

 W = wicking rate in mm/s,  

 D = wicking distance in mm and  

 T = wicking time in seconds. 

5.14 Pass Fail Criteria 

Á Pass Č 2ml of saline solution absorbed in 20 seconds or earlier. 

Á Pass ČWicking distance reached 101 mm in 600 seconds or earlier. 

Á Pass Č minimum of ñ0.28ò ml of saline evaporated in 30. 

5.15 Results and Conclusion 

Á Absorption Č Pass if the specimen absorbs 2 ml in 20 seconds and has an absorption rate Ó 

0.1 ml/second 

Table 5-3. Example of Test Result of Absorption 

Enter Operator Name Sachin 

Specimen description 200 Needle Nylon Flat Knit#2 

Weight Frame 32.57308 grams 

Weight of Frame + Specimen 35.74 

Weight of wet specimen 37.67822 

Absorption time 4 seconds 

Absorption Rate (37.67822-35.74)/4 = 0.48ml/sec 

 

Á Wicking  Č Pass wicking test Č if height to reach 101 millimeters in 600 seconds or less time 

and wicking rate of Ó 0.16 ml/second 

Á Drying  Č pass test Č Drying rate of 1.3 ml/hour 
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Figure 5-13. Example of wicking Rate 

 
Figure 5-14. Wick Hight vs. Time 



   

74 

 

CHAPTER  6: STATISTICAL ANALYSES  

6.1 Data Analysis Tool 

 

This project assessed the limitations of the manual AATCC TM197 vertical wicking test, AATCC 

79 Absorption test, and AATCC 199-201 Drying rate test, demonstrating that an automated vision-

based method offers superior precision, accuracy, repeatability, reproducibility, and data 

resolution. The manual testing approach relies on operator observation and documentation of three 

fixed measurements in the vertical wicking test at two, ten, and thirty minutes. This manual process 

introduces significant variability, labor costs, and low reliability. In contrast, the automated testing 

method collects data continuously at 0.25-second intervals, minimizes human error, and enhances 

the statistical modeling of wicking behavior. Through a structured Six Sigma analysis, this project 

confirmed that the automation of vertical wicking tests represents an improvement over the current 

manual standard. Furthermore, it suggests that through standardization and the establishment of 

streamlined procedural guidelines, the automated method could become a viable next-generation 

industry standard for vertical wicking testing. The automated Absorption test and drying test utilize 

a Mettler scientific balance linked to a computer, allowing for direct data transfer and calculations 

carried out by software, ensuring accuracy and minimizing errors. 

6.2 Statistical Approach: 

a.  The Fishbone Method, also known as the Ishikawa or cause-and-effect diagram, along 

with root cause analysis, serves as a systematic approach for identifying, organizing, and 

visualizing potential root causes of issues. The analysis conducted during the first and 

second experiments facilitated the identification of effective solutions. The subsequent 

implementation of these solutions culminated in highly accurate and consistent test results, 

thereby demonstrating the efficacy of the applied methodologies. 
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Figure 6-1. The Fishbone Chart 

b. Voice of the Customer: The wear comfort needs of the customer are translated into 

measurable test results. In this study, the pass or fail criteria are determined based on the 

thresholds achieved by the product in terms of absorption rate, wicking rate, and drying 

rate. If the product exceeds the established threshold rates, it passes the test for wear 

comfort requirements; if it falls below these thresholds, it fails the test. 

6.3 Measurement Tools:  

In this research, two principal data sources were examined: internal automated data collected via 

a sweat management automated testing method, and external data obtained from a third-party 

testing laboratory at the Manufacturing Solutions Center.  

Internal automated data is collected from the Sweat Management test instrument software. This 

data was gathered using an automated vision-based sweat management system in an on-site 

laboratory. The automated camera captured data over a duration of 0 to 600 seconds (10 minutes), 

with a sampling frequency of 1/4 second, resulting in approximately 3,600 to 1,200 data points per 

test.  
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In contrast, the external manual data was obtained from the Manufacturing Solutions Center, where 

the test operators recorded three fixed measurements at 120 seconds, 600 seconds, and 1,800 

seconds. This data collection was done visually and recorded manually, with only three specimens 

analyzed per fabric/fiber/knit combination, leading to a total of 12 external reports (6 fiber/fabric 

combinations multiplied by 2 knits). 

The manual testing method gathers only three data points and relies on visual inspection, which 

provides significantly lower resolution and accuracy. On the other hand, the internal automated 

data collects 100 times more data per second, offering higher precision and reducing the potential 

for human error. 

6.4 Measurement System Analysis  

The integrated calculation functionality within the software facilitated the evaluation of standard 

deviation for key metrics, specifically the absorption rate, wicking rate, and drying rate. 

Furthermore, it automatically generated comprehensive charts for all nine specimens 

simultaneously upon the conclusion of the experiment. 

The statistical analysis conducted in this study provides robust evidence that the automated vision-

based testing method significantly enhances precision when compared to the existing manual 

testing standard. Moreover, the sweat management testing methodology demonstrated 

consistency, repeatability, and reproducibility in the results obtained across all nine specimens of 

the product. These findings underscore the effectiveness of the automated approach in improving 

testing rigor and reliability.
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CHAPTER  7: RESULTS AND DISCUSSION 

7.1 Measuring Absorption, Drying, and Wicking Rates 

 

This study comprises,  

Á Three types of yarn, viz. polyester, nylon, and cotton.  

Á Three different needle count knitting machines: 108 needles, 144 needles, and 200 needles. 

Á Two types of knitting construction, viz., flat knit and terry knit 

Á Performed testing of the same specimens at an ISO 17025-certified testing laboratory in a 

laboratory environment and using our new combination test method. 

 

7.2 Improvements Made Based on Root Cause Analysis: 

 

Automated testing methodologies were employed to generate comprehensive reports on vertical 

wicking distance and vertical wicking rate, utilizing a computer vision system with specialized 

software. The tests were conducted according to an automated test protocol, ensuring precision 

and reproducibility in the obtained measurements. 

Á Absorption and drying rates were measured using a custom frame, a Raspberry Pi with 

specialized software, and a Mettler Scientific balance.  

Á The weight of the frame is first recorded in the software.  

Á The test specimen is mounted on the frame, and the weight of the specimen plus frame is 

recorded in the software.  

Á Two milliliters of saline solution was deposited over the specimen mounted on the frame, 

and the absorption time is recorded.  

Á The weight of the specimen, plus the frame, plus the absorbed saline solution, was recorded 

using the scientific balance.  
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Á After the absorption process, the frame is removed and placed on a table next to the Mettler 

Scientific balance for 30 minutes. The weight of the frame and specimen after 30 minutes 

of drying was recorded. 

Á Absorption rate and drying rate are calculated and reported by the software. 

The measurement process for vertical wicking rate underwent significant upgrades: 

Á The dye concentration was increased from three percent to five percent to enhance visibility 

as the liquid rises in height. 

Á A custom instrument was fabricated, using stainless steel frames to mount the specimens.  

Á Adjustable rails are employed to secure the focus of the camera and specimens as needed. 

Á A customized stainless-steel platform was created to stably mount the camera.  

Á Calibration of the specimen is performed using a blank specimen mounted on the frame, 

by counting pixels in a selected rectangular area through custom software. 

Á After the specimen is calibrated, it undergoes wicking rate testing. 

Á After completing the testing, wicking height and wicking rate charts will be generated, 

along with a report containing the data. 

7.3 Test Results, Charts, and Data Tables are listed in Appendix A 

An example of the findings is presented below, with comprehensive results detailed in Appendix 

A. The data confirm repeatability and consistency, demonstrating a standard deviation of less than 

0.05 across all product types examined. The charts illustrate coherence among all nine specimens 

concerning absorption rate, wicking rate, and drying rate. Additionally, both wicking rate and 

height measurements display uniformity across all nine specimens. A total of 324 tests were 

conducted, with supplementary assessments carried out specifically for branded T-shirts and 

leggings. Figures 6.1, 6.2, and 6.3 display automatic tracking and recording of test data using a 
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Mattler scientific balance and a Raspberry Pi connected with a high-resolution camera, recording 

data in the software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-1. Absorption Test 
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Figure 7-2. Wicking Test 

7.3.1 Absorption rate and Drying rate test results 

 
Table 7-1. 108 Needle Nylon Sweat Management Absorption and Drying Rate Test Results 

Reference 108PA 
Flat knit 

Absorption Rate 
SM-Test ml/sec 

Absorption Rate 
3rd party lab 

ml/sec 
Drying Rate SM-

Test ml/hour 
Drying Rate 3rd 

party lab ml/hour 
TS174954-1 0.32 0.0034 0.62 0 
TS174954-2 0.33 0.0036 0.62 0 
TS174954-3 0.33 0.0038 0.66 0 
TS174954-4 0.32 0.0035 0.7 0 
TS174954-5 0.32 0.0035 0.64 0 
TS174954-6 0.34 0.0222 0.58 0 
TS174954-7 0.33 0.0000 0.7 0 
TS174954-8 0.32 0.0042 0.66 0 
TS174954-9 0.32 0.0000 0.7 0 

Average 0.3256 0.0049 0.653333   
Std Dev 0.0073 0.0067 0.042426   
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Figure 7-3. Absorption Rate 108 Needle Nylon Flat Knit 

 
Figure 7-4. Drying Rate 108 Needle Nylon Flat Knit 
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Figure 7-5. Wicking Rate and Hight Chart 
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CHAPTER  8: SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS  

8.1 Summary 

This study describes a new test method to validate wear comfort by assessing sweat-management 

performance in apparel. This new test concurrently measures the absorption, wicking, and drying 

rates of the test specimen. The current test methods are separate and face several challenges with 

accuracy, precision, repeatability, and reproducibility, as well as a lack of a coherent strategy for 

integrating absorption, wicking, and evaporation into a unified standard. To address the 

shortcomings of the current test method, this study has developed a novel instrument and test 

methodology that eliminates reliance on subjective human judgment. The Sweat Management test 

method adheres to rigorous protocol for fabric conditioning and calibration using digital imaging 

technology. This technology uses custom-designed software to facilitate digitized data collection, 

real-time data recording, and data output. As well as graphical visual analytics. 

This approach aims to achieve exceptional levels of accuracy and precision. Additionally, this 

study employs a comprehensive data science approach to data management, integrating data 

collection, analysis, visualization, and storage into our strategy for effective sweat management 

testing. 

The following methodology was used to achieve the objectives of this research: 

1. Instrument and Software Development: Designed and developed an innovative testing 

instrument and custom software to facilitate automation, digitized data recording, and 

analysis. 

2. Experimental Framework: The sample set for this study was systematically developed to 

comprehensively characterize material properties and evaluate their impact on moisture 

management performance. The experimental design incorporated two fiber types (Nylon 
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and Polyester), three yarn sizes (70 denier with three different filament counts ï 32, 48, 

and 64), three needle sizes (108, 144, and 200 needle circular knitting machines), and two 

fabric constructions (Flat-knit and Terry-knit). Using these parameters, the study produced 

a diverse matrix of fabric specimens to ensure robust and comparative analysis across 

material and structural variations.  

In total, 324 tests were performed, encompassing nine specimens of each Nylon and 

Polyester fabric. The resulting dataset was analyzed based on four key performance 

metrics: absorption rate, vertical wicking rate, vertical wicking height, and drying rate. 

These metrics collectively provided a detailed understanding of how fiber composition, 

knitting structure, and machine gauge affect the moisture management capabilities of 

textile materials. 

3. Comparative Quantitative Evaluation: Using the samples developed, a comprehensive 

comparative analysis of data obtained from third-party laboratories and those generated 

through the new test procedure under an indoor environment was conducted. 

4. The pass-fail criteria for the Sweat Management test:  A specimen is deemed to pass 

the assessment if it demonstrated an absorption rate exceeding 0.13 mL per second, a 

vertical wicking rate of at least 0.16 mm per second, with a maximum test time of 600 

seconds, or height reaching 101mm, whichever comes first, and an average drying rate of 

0.9 mL per hour over 30 minutes. These thresholds are essential for evaluating the 

specimen's efficacy in sweat management and overall wear comfort performance. 

8.2 Conclusion 

Key Findings: 

The following sections are the essential points learned in this research. 
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Please note that identical specimens were knitted from the same lot of each type of yarn and needle 

count. These specimens were tested at a third-party laboratory for absorption, vertical wicking, 

and drying rates. Additionally, they were evaluated using the New Sweat Management test 

method. The results from both the third-party lab and the Sweat Management test are described 

below. 

8.2.1 Absorption Rate 

The analysis of the average absorption rates obtained from the sweat management test indicates 

high consistency, repeatability, and reproducibility, as evidenced by standard deviations of less 

than 0.05 across all specimens. Furthermore, results from testing other brands' products using the 

same sweat-management methodology corroborate these findings. Notably, the comparative 

evaluation reveals that the average absorption rates measured through the sweat management test 

exceed those recorded by a third-party laboratory, despite utilizing identical specimens from the 

same batch. This disparity supports our hypothesis (H1) regarding the reliability of absorption rate 

measurements within this testing framework, thus affirming the validity of the sweat management 

test method as an effective tool for assessing absorption rates. 

Table 8-1. Comparison of average absorption rates between a sweat management test and a third-party lab test of the exact same 

product 

Reference 

Sweat Management Average 

absorption rate 

3rd Party lab Average 

absorption rate 

108 PA Flat 0.3256 0.0049 

108 PA Terry 0.3267 0.0017 

108 PET Flat 0.3278 0.0016 

108PET Terry 0.3289 0.0042 

144 PA Flat 0.3588 0.0108 

144 PA Terry 0.32 0.0175 

144 PET Flat 0.3244 0 

144 PET Terry 0.3233 0.006 

200 PA Flat 0.33 0.0467 
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200 PA Terry 0.3244 0.0329 

200 PET Flat 0.33 0.0926 

200 PET Terry 0.3244 0.01463 

 

 

Figure 8-1. Average Absorption rate of all yarn types and needle count Sweat Management test versus Third-party lab test 

8.2.2 Drying Rate 

The analysis of the average drying rates obtained from the sweat management test indicates high 

consistency, repeatability, and reproducibility, as evidenced by standard deviations of less than 

0.05 across all specimens. Furthermore, results from testing other brands' products using the same 

sweat-management methodology corroborate these findings. Notably, the comparative evaluation 

reveals that the average drying rates measured through the sweat management test exceed those 

recorded by a third-party laboratory, despite utilizing identical specimens from the same batch. 

This disparity supports our hypothesis (H3) regarding the reliability of drying-rate measurements 
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in this testing framework, thereby affirming the validity of the sweat-management test method as 

an effective tool for assessing drying rates. 

Table 8-2. Comparison of average drying rates between a sweat management test and a third-party lab test of the exact same 

product 

Reference 

Sweat Management Average 

dying rate 

3rd Party lab Average Drying 

rate 

108 PA Flat 0.6533 0 

108 PA Terry 0.5577 0 

108 PET Flat 0.8178 0.2606 

108PET Terry 0.7111 0.2606 

144 PA Flat 1.106 0.2589 

144 PA Terry 0.826 0.258 

144 PET Flat 1.115 0.2631 

144 PET Terry 0.8088 0.2631 

200 PA Flat 1.29 0.4636 

200 PA Terry 1.16 0.4636 

200 PET Flat 1.18 0.4977 

200 PET Terry 1.075 0.4977 

 

 

Figure 8-2. Average Drying rate for all yarn types and needle count Sweat Management test versus Third-party lab test 
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8.2.3 Vertical Wicking Rate 

The analysis of the average wicking rates obtained from the sweat management test indicates high 

consistency, repeatability, and reproducibility, as evidenced by standard deviations of less than 

0.05 across all specimens. Furthermore, results from testing other brands' products using the same 

sweat-management methodology corroborate these findings. Notably, the comparative evaluation 

reveals that the average wicking rates measured through the sweat management test exceed those 

recorded by a third-party laboratory, despite utilizing identical specimens from the same batch. 

This disparity supports our hypothesis (H2) regarding the reliability of wicking-rate measurements 

in this testing framework, thereby affirming the validity of the sweat-management test method as 

an effective tool for assessing drying rates. 

 
Table 8-3. Comparison of average vertical wicking rates between a sweat management test and a third-party lab test of the exact 

same product 

Reference 

Sweat Management 

Average Wicking Rate 

mm/sec 

3rd Party lab 

Average Wicking 

rate mm/sec 

108 PA Flat 0.1435 0.04 

108 PA Terry 0.1412 0.04 

108 PET Flat 0.1371 0.03 

108PET Terry 0.1344 0.03 

144 PA Flat 0.2131 0.12 

144 PA Terry 0.21 0.14 

144 PET Flat 0.2152 0.03 

144 PET Terry 0.202 0.03 

200 PA Flat 0.2411 0.15 

200 PA Terry 0.2449 0.1 

200 PET Flat 0.2177 0.11 

200 PET Terry 0.79 (101mm)  0.12 
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Figure 8-3. Average Vertical Wicking rate for all yarn types and needle count Sweat Management test versus Third party lab test 
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CHAPTER  9: LIMITATIONS  

9.1 Limitations and future studies 

 

Despite the implications of the findings, this study is not without limitations that warrant further 

investigation.  

Firstly, there are safety concerns associated with the testing of dark colors, as a 100-watt UV light 

(black light) was employed during the experiments. The exposure to ultraviolet light poses 

potential safety risks, highlighting the need for a redesign of the testing apparatus. This redesign 

should incorporate a protective layer to mitigate UV exposure and ensure the safety of all 

individuals involved in future studies. 

Second, the present study is founded on a comprehensive analysis of a total of 351 specimen tests 

conducted. This sample size is deemed satisfactory; however, it is imperative that further testing 

be undertaken utilizing a variety of yarn blends and fabric constructions to enhance the robustness 

of the findings. 
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Absorption rate and Drying rate test results 

 
Table1. 108 Needle Nylon Flat Knit Sweat Management and 3rd Party Lab Test Results 

Reference 108PA 
Flat knit 

Absorption Rate 
SM-Test ml/sec 

Absorption Rate 
3rd party lab 

ml/sec 
Drying Rate SM-

Test ml/hour 
Drying Rate 3rd 

party lab ml/hour 
TS174954-1 0.32 0.0034 0.62 0 
TS174954-2 0.33 0.0036 0.62 0 
TS174954-3 0.33 0.0038 0.66 0 
TS174954-4 0.32 0.0035 0.7 0 
TS174954-5 0.32 0.0035 0.64 0 
TS174954-6 0.34 0.0222 0.58 0 
TS174954-7 0.33 0.0000 0.7 0 
TS174954-8 0.32 0.0042 0.66 0 
TS174954-9 0.32 0.0000 0.7 0 

Average 0.3256 0.0049 0.653333   
Std Dev 0.0073 0.0067 0.042426   

 

 
Figure 1.  108 Needle Nylon Flat Knit Sweat Management Absorption and 3rd Party Lab Absorption Rate Comparison 
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Figure 2.   108 Needle Nylon Flat Knit Sweat Management Drying Rate and 3rd Party Lab Drying Rate Comparison 
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Table 2. 108 Needle Nylon Terry Knit Sweat Management and 3rd Party Lab Test Results 

Reference 108PA 
Terry knit 

Absorption Rate 
SM-Test ml/sec 

Absorption Rate 
3rd party lab 

ml/sec 
Drying Rate SM-

Test ml/hour 
Drying Rate 3rd 

party lab ml/hour 
TS174954-1 0.33 0.0000 0.5 0 
TS174954-2 0.33 0.0000 0.44 0 
TS174954-3 0.33 0.0042 0.5 0 
TS174954-4 0.32 0.0000 0.46 0 
TS174954-5 0.32 0.0000 0.56 0 
TS174954-6 0.33 0.0041 0.66 0 
TS174954-7 0.33 0.0000 0.64 0 
TS174954-8 0.32 0.0036 0.58 0 
TS174954-9 0.33 0.0038 0.68 0 

Average 0.3267 0.0017 0.557778   
Std Dev 0.005 0.0021 0.088569   

 

 

Figure 03.  108 Needle Nylon Terry Knit Sweat Management Absorption and 3rd Party Lab Absorption Rate Comparison 
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Figure 4. 108 Needle Nylon Terry Knit Sweat Management Drying Rate and 3rd Party Lab Drying Rate Comparison 

 

 

 
Table 3.  108 Needle Nylon 3rd Party Absorption and Drying Rate Test Results 
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Table 4. 108 Needle Polyester Flat Knit Sweat Management Absorption and Drying Rate Test Results 

Reference 108PET 
Flat knit 

Absorption Rate 
SM-Test ml/sec 

Absorption Rate 
3rd party lab 

ml/sec 
Drying Rate SM-

Test ml/hour 
Drying Rate 3rd 

party lab ml/hour 
TS174954-1 0.33 0.0033 0.66 0.2702 
TS174954-2 0.33 0.0038 0.76 0.2528 
TS174954-3 0.32 0.0000 0.7 0.2588 
TS174954-4 0.33 0.0000 0.82   
TS174954-5 0.33 0.0000 0.84   
TS174954-6 0.32 0.0039 0.84   
TS174954-7 0.33 0.0033 0.86   
TS174954-8 0.33 0.0000 0.9   
TS174954-9 0.33 0.0000 0.98   

Average 0.3278 0.0016 0.8178 0.2606 
Std Dev 0.0044 0.0019 0.0987 0.0088 

 

 
Figure 5.  108 Needle Polyester Flat Knit Sweat Management Absorption and 3rd Party Lab Absorption Rate Comparison 
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Figure 06.  108 Needle Polyester Flat Knit Sweat Management Drying Rate and 3rd Party Lab Drying Rate Comparison 
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Table 5. 108 Needle Polyester Terry Knit Sweat Management and 3rd Party Lab Test Results 

Reference 108PET 
Terry knit 

Absorption Rate 
SM-Test ml/sec 

Absorption Rate 
3rd party lab 

ml/sec 
Drying Rate SM-

Test ml/hour 
Drying Rate 3rd 

party lab ml/hour 
TS174954-1 0.33 0.0039 0.72 0.2702 
TS174954-2 0.33 0.0043 0.54 0.2528 
TS174954-3 0.33 0.0033 0.68 0.2588 
TS174954-4 0.33 0.0029 0.7   
TS174954-5 0.32 0.0042 0.66   
TS174954-6 0.33 0.0039 0.7   
TS174954-7 0.33 0.0033 0.8   
TS174954-8 0.33 0.0071 0.8   
TS174954-9 0.33 0.0048 0.8   

Average 0.3289 0.0042 0.7111 0.2606 
Std Dev 0.0033 0.0012 0.0843 0.0088 

 

 

 

Figure 7.  108 Needle Polyester Terry Knit Sweat Management Absorption and 3rd Party Lab Absorption Rate Comparison 
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Figure 8.  108 Needle Polyester Terry Knit Sweat Management Drying Rate and 3rd Party Lab Drying Rate Comparison 

 

  



   

105 

 

Table 6. 108 Needle Polyester 3rd Party Absorption and Drying Rate Test Results 
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Table 7. 144 Needle Nylon Flat Knit Sweat Management Absorption and Drying Rate Test Results 

Reference 
144PA Flat knit 

Absorption 
Rate SM-Test 

ml/sec 

Absorption 
Rate 3rd party 

lab ml/sec 

Drying Rate 
SM-Test 
ml/hour 

Drying Rate 
3rd party lab 

ml/hour 
TS174961-1 0.38 0.0095 1 0.2537 
TS174961-2 0.37 0.0036 0.88 0.2505 
TS174961-3 0.38 0.0051 1.12 0.2726 
TS174961-4 0.33 0.0000 1.28   
TS174961-5 0.39 0.0000 1.08   
TS174961-6 0.31 0.0125 1.08   
TS174961-7 0.38 0.0167 1.16   
TS174961-8 0.38 0.0250 1.2   
TS174961-9 0.31 0.0250 1.16   

Average 0.358888889 0.010828338 1.106666667 0.258933333 
Std Dev 0.0325747 0.009740227 0.116619038 0.011943338 

 

 

 

Figure 9.  144 Needle Nylon Flat Knit Sweat Management Absorption and 3rd Party Lab Absorption Rate Comparison 
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Figure 10.  144 Needle Nylon Flat Knit Sweat Management Drying Rate and 3rd Party Lab Drying Rate Comparison 

 

  



   

108 

 

Table 8.  144 Needle Nylon Terry Knit Sweat Management Absorption and Drying Rate Test Results 

Reference 
144PA Terry knit 

Absorption 
Rate SM-Test 

ml/sec 

Absorption 
Rate 3rd party 

lab ml/sec 

Drying Rate 
SM-Test 
ml/hour 

Drying Rate 
3rd party lab 

ml/hour 
TS174961-1 0.32 0.0000 0.68 0.2537 
TS174961-2 0.33 0.0000 0.72 0.2505 
TS174961-3 0.28 0.0000 0.82 0.2726 
TS174961-4 0.32 0.0000 0.84   
TS174961-5 0.32 0.0000 0.84   
TS174961-6 0.33 0.0333 0.92   
TS174961-7 0.32 0.0400 0.78   
TS174961-8 0.33 0.0182 0.96   
TS174961-9 0.33 0.0667 0.88   

Average 0.32 0.017575758 0.826666667 0.258933333 
Std Dev 0.015811388 0.024253785 0.09 0.011943338 

 

 

 

Figure 11.  144 Needle Nylon Terry Knit Sweat Management Absorption and 3rd Party Lab Absorption Rate Comparison 
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Figure 12.  144 Needle Nylon Terry Knit Sweat Management Drying Rate and 3rd Party Lab Drying Rate Comparison 
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Table 9. 144 Needle Nylon 3rd Party Absorption and Drying Rate Test Results 
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Table 10.  144 Needle Polyester Flat Knit Sweat Management Absorption and Drying Rate Test Results 

Reference 144PET 
Flat knit 

Absorption 
Rate SM-Test 

ml/sec 

Absorption Rate 
3rd party lab 

ml/sec 

Drying Rate 
SM-Test 
ml/hour 

Drying Rate 
3rd party lab 

ml/hour 
TS174958-1 0.33 0 1.14 0.2593 
TS174958-2 0.32 0 1.16 0.2735 
TS174958-3 0.33 0 1.06 0.2565 
TS174958-4 0.33 0 1.16   
TS174958-5 0.33 0 1.04   
TS174958-6 0.32 0 1.18   
TS174958-7 0.32 0 1.06   
TS174958-8 0.32 0 1.08   
TS174958-9 0.32 0 1.16   

Average 0.324444444   1.115555556 0.2631 
Std Dev 0.005270463   0.054569018 0.009114823 

 

 

 

Figure 13.  144 Needle Polyester Flat Knit Sweat Management Absorption and 3rd Party Lab Absorption Rate Comparison 
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Figure 14.  144 Needle Polyester Flat Knit Sweat Management Drying Rate and 3rd Party Lab Drying Rate Comparison 
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Table 11.  144 Needle Polyester Terry Knit Sweat Management Absorption and Drying Rate Test Results 

Reference 144PET 
Terry knit 

Absorption 
Rate SM-Test 

ml/sec 

Absorption Rate 
3rd party lab 

ml/sec 

Drying Rate 
SM-Test 
ml/hour 

Drying Rate 
3rd party lab 

ml/hour 
TS174958-1 0.33 0.0000 0.8 0.2593 
TS174958-2 0.33 0.0000 0.82 0.2735 
TS174958-3 0.28 0.0000 0.78 0.2565 
TS174958-4 0.33 0.0000 0.78   
TS174958-5 0.33 0.0000 0.8   
TS174958-6 0.33 0.0222 0.84   
TS174958-7 0.32 0.0167 0.82   
TS174958-8 0.33 0.0095 0.82   
TS174958-9 0.33 0.0077 0.82   

Average 0.323333333 0.00623389 0.808888889 0.2631 
Std Dev 0.016583124 0.00845375 0.020275875 0.009114823 

 

 

Figure 15.  144 Needle Polyester Flat Knit Sweat Management Absorption and 3rd Party Lab Absorption Rate Comparison 
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Figure 16.  144 Needle Polyester Flat Knit Sweat Management Drying Rate and 3rd Party Lab Drying Rate Comparison 

 

 

 

 

  



   

115 

 

Table 12.  144 Needle Polyester 3rd Party Absorption and Drying Rate Test Results 
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Table 13. 200 Needle Nylon Flat Knit Sweat Management Absorption and Drying Rate Test Results 

Reference 
200PA Flat knit 

Absorption 
Rate SM-Test 

ml/sec 

Absorption 
Rate 3rd 
party lab 
ml/sec 

Drying Rate 
SM-Test 
ml/hour 

Drying Rate 
3rd party 

lab ml/hour 
TS174954-1 0.33 0.050 1.28 0.3831 
TS174954-2 0.33 0.067 1.26 0.4904 
TS174954-3 0.33 0.050 1.28 0.5173 
TS174954-4 0.33 0.040 1.32   
TS174954-5 0.33 0.033 1.26   
TS174954-6 0.33 0.050 1.3   
TS174954-7 0.33 0.050 1.32   
TS174954-8 0.33 0.040 1.28   
TS174954-9 0.33 0.040 1.32   

Average 0.3300 0.0467 1.291111111 0.4636 
Std Dev 0.0000 0.0097 0.024720662 0.07100063 

 

 

 

Figure 017.  200 Needle Nylon Flat Knit Sweat Management and 3rd Party Lab Absorption Rate Comparison 
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Figure 18.  200 Needle Nylon Flat Knit Sweat Management Drying Rate and 3rd Party Lab Drying Rate Comparison 
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Table 14.  200 Needle Nylon Terry Knit Sweat Management Absorption and Drying Rate Test Results 

Reference 
200PA Terry 

knit 

Absorption 
Rate SM-Test 

ml/sec 

Absorption 
Rate 3rd 
party lab 
ml/sec 

Drying Rate 
SM-Test 
ml/hour 

Drying Rate 
3rd party 

lab ml/hour 
TS174954-1 0.33 0.011 1.18 0.3831 
TS174954-2 0.33 0.022 1.16 0.4904 
TS174954-3 0.28 0.012 1.14 0.5173 
TS174954-4 0.33 0.040 1.16   
TS174954-5 0.33 0.050 1.18   
TS174954-6 0.33 0.033 1.16   
TS174954-7 0.33 0.029 1.18   
TS174954-8 0.33 0.050 1.16   
TS174954-9 0.33 0.050 1.14   

Average 0.3244 0.0329 1.162222222 0.4636 
Std Dev 0.0167 0.0158 0.015634719 0.07100063 

 

 

Figure 19.  200 Needle Nylon Terry Knit Sweat Management and 3rd Party Lab Absorption Rate Comparison 
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Figure 20.  200 Needle Nylon Terry Knit Sweat Management Drying Rate and 3rd Party Lab Drying Rate Comparison 
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Table 15.  200 Needle Nylon 3rd Party Absorption and Drying Rate Test Results 
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Table 16.  200 Needle Polyester Flat Knit Sweat Management Absorption and Drying Rate Test Results 

Reference 
200PET Flat 

knit 

Absorption 
Rate SM-Test 

ml/sec 

Absorption 
Rate 3rd 
party lab 
ml/sec 

Drying Rate 
SM-Test 
ml/hour 

Drying Rate 
3rd party 

lab ml/hour 
TS174954-1 0.33 0.100 1.18 0.5185 
TS174954-2 0.33 0.100 1.18 0.4635 
TS174954-3 0.33 0.100 1.18 0.5111 
TS174954-4 0.33 0.100 1.18   
TS174954-5 0.33 0.100 1.18   
TS174954-6 0.33 0.067 1.18   
TS174954-7 0.33 0.067 1.18   
TS174954-8 0.33 0.100 1.18   
TS174954-9 0.33 0.100     

Average 0.3300 0.0926 1.1800 0.4977 
Std Dev 0.0000 0.0147 0.0000 0.0298 

 

 

Figure 21.  200 Needle Polyester Flat Knit Sweat Management and 3rd Party Lab Absorption Rate Comparison 
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Figure 22.  200 Needle Polyester Flat Knit Sweat Management and 3rd Party Lab Absorption Rate Comparison 
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Table 17.  200 Needle Polyester Terry Knit Sweat Management Absorption and Drying Rate Test Results 

Reference 
200PET Terry 

knit 

Absorption 
Rate SM-Test 

ml/sec 

Absorption 
Rate 3rd 
party lab 
ml/sec 

Drying Rate 
SM-Test 
ml/hour 

Drying Rate 
3rd party 

lab ml/hour 
TS174954-1 0.33 0.200 1.06 0.5185 
TS174954-2 0.33 0.200 1.06 0.4635 
TS174954-3 0.28 0.200 1.08 0.5111 
TS174954-4 0.33 0.200 1.08   
TS174954-5 0.33 0.050 1.08   
TS174954-6 0.33 0.100 1.06   
TS174954-7 0.33 0.200 1.1   
TS174954-8 0.33 0.067 1.08   
TS174954-9 0.33 0.100     

Average 0.3244 0.1463 1.075 0.4977 
Std Dev 0.0167 0.0655 0.014142136 0.0298 

 

 

Figure 023.  200 Needle Polyester Terry Knit Sweat Management and 3rd Party Lab Absorption Rate Comparison 
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Figure 24.  200 Needle Polyester Terry Knit Sweat Management and 3rd Party Lab Absorption Rate Comparison 
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Table 18. 200 Needle Polyester 3rd Party Absorption and Drying Rate Test Results 
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Figure.25. 108 Needle Nylon Terry Knit Wicking Height and Rate Vx Time 


