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In the global textile industry, the physical properties of fabrics dictate their ultimate utility, comfort, and safety.
Among these properties, air permeability stands as a cornerstone metric, particularly for performance apparel,
industrial filtration, and safety equipment like automotive airbags. The ASTM D737 standard, specifically the ASTM
D737-96 Standard Test Method for Air Permeability of Textile Fabrics, provides the primary framework for
quantifying the rate of airflow through textile materials. This guide offers an exhaustive, technical analysis of the
ASTM D737 methodology, its theoretical underpinnings, and its practical application in quality control environments.

The Fundamental Concept of Air Permeability

Air permeability is defined as the rate of airflow passing perpendicularly through a known area of a fabric under a
specified air pressure differential between the two surfaces of the material. Unlike 'breathability'—which often refers
to moisture vapor transmission rate (MVTR)—air permeability is a measure of the physical passage of air
molecules through the pores and interstices of the textile structure.

The movement of air through a fabric is governed by the principles of fluid dynamics. For most textile structures,
which are porous media, the flow can be characterized as either laminar or turbulent depending on the velocity of
the air and the geometry of the pores. In the context of ASTM D737, the test usually operates within a regime
where a consistent pressure drop (typically 125 Pa or 12.7 mm of water head) is maintained to ensure repeatable
measurements across different laboratories and equipment types.

The Scope and Applicability of ASTM D737

The ASTM D737 test method is remarkably versatile, covering a vast array of textile constructions. According to the
standard's scope, it applies to:

* Woven Fabrics: Traditional over-under interlaced structures where pore size is determined by yarn density
and weave pattern.

« Nonwoven Fabrics: Chemically, thermally, or mechanically bonded webs where permeability depends on fiber
orientation and binder content.

e Knitted Fabrics: Interlooped structures that often exhibit high elasticity and variable pore geometry under
tension.

» Pile Fabrics and Blankets: Materials with significant thickness where the depth of the pile influences airflow
resistance.

¢ Air Cushion Fabrics: Specialized industrial fabrics used in safety systems where precise permeability is a life-
saving requirement.

It is important to note that while ASTM D737 is the industry standard for textiles, it may not be suitable for highly
specialized materials like rigid filters or thin membranes, which might fall under other standards such as ASTM
D1653 or specific ISO equivalents.

Technical Apparatus and Instrumentation



The execution of an ASTM D737 test requires a specialized instrument known as an Air Permeability Tester.
Modern testers are highly automated, but they all share several critical components:

1. Test Head and Clamping System

The test head defines the "known area" of the fabric through which air will flow. Standard test heads typically offer
an area of 38 cmz? (6 in?), though other sizes are used depending on the material's permeability. The clamping
system must provide enough pressure to prevent edge leakage—a common source of error where air escapes
from the sides of the specimen rather than passing through it.

2.Vacuum System and Flow Sensors

The apparatus includes a motor-driven fan or vacuum pump that draws air through the specimen. High-precision
flow sensors (often using orifice plates or mass flow meters) measure the volume of air passing through the
material per unit of time.

3. Pressure Differential Manometer

To comply with ASTM D737, the system must maintain a specific pressure drop across the fabric. A digital or liquid
manometer monitors this differential, ensuring that the vacuum adjusts dynamically to hit the target pressure (e.g.,
125 Pa).

Detailed Testing Procedure: A Step-by-Step Guide

Achieving accurate results requires strict adherence to standardized procedures. Below is the technical workflow
for conducting an ASTM D737 test.

Step 1: Environmental Conditioning

Textiles are hygroscopic; their physical dimensions and pore structures change with moisture content. Specimens
must be conditioned in a standard atmosphere for testing textiles: 21 + 1°C (70 £ 2°F) and 65 + 2% relative
humidity. Conditioning should continue until the specimen reaches moisture equilibrium (usually 4 to 24 hours).

Step 2: Sampling and Specimen Selection

Avoid sampling from the first or last meter of a fabric roll. Ensure the specimen is free from wrinkles, creases, or
visible defects. When testing large rolls, take measurements at various points across the width (excluding the
selvage) to account for cross-machine variation.

Step 3: Equipment Calibration
Before testing, the operator must verify the calibration of the instrument using standardized calibration plates (discs

with precision-drilled holes). This ensures the flow sensors and pressure transducers are functioning within the
specified tolerance.

Step 4: Specimen Mounting

Place the specimen over the test head, ensuring it is flat but not under excessive tension (unless the specific test
requires stretched testing). Engage the clamping mechanism. For high-loft fabrics, ensure the clamp does not
compress the material so much that it alters the internal pore structure significantly.

Step 5: Measurement and Data Collection

Start the airflow. The instrument will adjust the vacuum until the required pressure differential is reached. Once
stabilized, the flow rate is recorded. ASTM D737 typically requires at least 10 tests per sample to provide a
statistically significant average.



Mathematical Models and Calculations

The core result of an ASTM D737 test is the Air Permeability (R), calculated using the following formula:
R=Q/A
Where:

¢ R: Air permeability (expressed in units such as cm3/s/cm?2 or ft3/min/ft2).
¢ Q: The volume of airflow measured (e.g., cm?/s).
¢ A:The area of the fabric under test (e.g., cm?).

Unit Conversions and Metrics

In the United States, air permeability is frequently reported in cfm/ft? (cubic feet per minute per square foot). In
international markets, metric units like cm3/s/cm2 or I/m?/sare standard. Use the table below for quick reference on

unit conversions.



From Unit To Unit Multiply By

cm?d/s/cm? cfm/ft2 (ft3/min/ft2) 1.9685
cfm/ft2 cm3/s/cm?2 0.5080
cfm/ft2 I/m2/s 5.0800
mm/s I/m2/s 1.0000

Factors Influencing Air Permeability Results

The air permeability of a fabric is not just a function of the holes in the weave; it is a complex interaction of several
structural variables:

1. Fiber and Yarn Characteristics
Finely denier fibers typically create smaller interstices, leading to lower air permeability. Conversely, textured yarns
can create more bulk and higher air resistance compared to smooth monofilament yarns.

2. Fabric Geometry (Pore Size and Tortuosity)

The 'openness' of the weave (determined by the thread count per inch) is the primary driver. However, tortuosity—
the path complexity air must take through the fabric thickness—also plays a role. A multi-layered or 3D knitted
fabric might have high porosity but low permeability due to a high tortuosity factor.

3. Finishing Treatments

Chemical finishes (water repellents, flame retardants) and mechanical finishes (calendaring, napping) significantly
alter permeability. Calendaring, for instance, flattens the yarns and reduces pore size, drastically lowering the air
permeability for applications like down-proof fabrics or windbreakers.

Comparative Analysis: ASTM D737 vs. ISO 9237

While ASTM D737 is dominant in North America, 1ISO 9237is the standard of choice in Europe and many other
regions. Understanding the nuances between them is vital for global manufacturers.



Feature ASTM D737 1ISO 9237

Standard Pressure (Apparel) 125 Pa (12.7 mm H20) 100 Pa
Standard Pressure (Industrial) User-defined (often 125/500 Pa) 200 Pa
Standard Test Area 38 cmz (usually) 20 cm? (usually)
Primary Units cfm/ft2 mm/s or I/m2/s

Practical Applications Across Industries

The data derived from ASTM D737 testing informs critical engineering decisions across diverse sectors:

1. High-Performance Sportswear

For runners and cyclists, fabrics must allow significant air movement to facilitate evaporative cooling. A high cfm
rating indicates a fabric that will stay cool but may offer little protection against wind chill.

2. Automotive Safety (Airbags)

Airbag fabrics must have extremely precise and low air permeability. If the permeability is too high, the bag won't
stay inflated long enough to protect the occupant. If it's too low, the bag won't deflate in time to prevent secondary
impact injuries. ASTM D737 is the benchmark for ensuring these safety tolerances are met.

3. Medical Textiles

Surgical gowns and drapes require a balance between breathability for the wearer's comfort and a tight enough
pore structure to prevent the passage of pathogens (bacterial and viral penetration). Air permeability testing is used
as a proxy for the density of the barrier.

4. Filtration Industry

Vacuum cleaner bags, industrial dust collectors, and HVAC filters rely on ASTM D737 to determine the initial
resistance of the filter media. This helps in calculating the fan power required to move air through the system.

Case Studies: Troubleshooting Common Testing Failures

Scenario A: Inconsistent Readings Across a Single Sample

Diagnosis: This is often caused by clamping pressure issues or non-uniformity in the fabric. If the fabric is a
heavy-weight pile fabric, the clamp may be crushing the fibers at the edge, causing air to leak between the clamp
and the fabric surface.

Solution:Use a specialized rubber gasket or a different clamping pressure setting to ensure a hermetic seal.
Additionally, check for "selvage pull" where the edges of the fabric are denser than the center.

Scenario B: Values Differ Between Laboratories

Diagnosis: Discrepancies usually stem from environmental control failures or different test head sizes. Even
with identical pressure drops, different test areas can vyield slightly different flow profiles due to the "boundary
effect" at the edges of the test head.

Solution:Ensure both labs are using the same test head area (e.g., 38 cm2) and have verified their conditioning



room data logs for the 24 hours preceding the test.

The Future of Permeability Testing: Digitalization and Real-time Monitoring

As Industry 4.0 matures, air permeability testing is moving from a static laboratory procedure to an integrated part
of the production line. Inline sensors can now monitor the permeability of a fabric web as it is being produced,
providing real-time feedback to weaving or bonding machines. Furthermore, computational fluid dynamics (CFD)
software can now predict ASTM D737 results based on 3D scans of fabric structures, allowing designers to virtually
test fabrics before a single yard is ever woven.

The importance of ASTM D737cannot be overstated in a world where technical textiles are increasingly used to
solve complex engineering challenges. By providing a reliable, standardized method for measuring airflow, ASTM
D737 ensures that whether it is a parachute, a face mask, or a performance t-shirt, the material will perform exactly
as designed under the pressures of the real world. For technical writers, engineers, and quality control
professionals, a deep understanding of this standard is not just about compliance—it's about ensuring the integrity
and functionality of the textiles that surround us.

Baca Juga (Artikel Terkait)

* A Comprehensive Technical Analysis of Combing, Drawing, and Roving in Short-Staple Spinning

URL: http://alaskawriters.com/technical-guide-combing-drawing-roving-spinning.pdf
e The Engineering of Coated and Laminated Textiles: A Comprehensive Technical Analysis of Processes,
Materials, and Industrial Applications

URL: http://alaskawriters.com/engineering-coated-laminated-textiles-technical-guide.pdf

Tags: #ASTM D737 #Air Permeability #Textile Testing #Quality Control #Fabric Science


http://alaskawriters.com/technical-guide-combing-drawing-roving-spinning.pdf
http://alaskawriters.com/engineering-coated-laminated-textiles-technical-guide.pdf
http://alaskawriters.com/engineering-coated-laminated-textiles-technical-guide.pdf

Page 1 of 6



Page 2 of 6



Page 3 of 6



Page 4 of 6



Page 5 of 6



Page 6 of 6



