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As the market leader in hand protection, Ansell is significantly 

involved in developing and improving test standards related 

to cut resistance and is dedicated to delivering the best cut 

protection solutions to its customers. There are several standard 

test methods for measuring cut resistance that can be used to 

estimate the level of cut protection a glove should provide to a 

wearer. Depending on the geographic location and regulatory 

status of the product, the relative cut resistance performance 

of a glove is determined by one of two predominate level 

classification systems: ANSI/ISEA 105, which is used primarily 

in US markets, and EN388, which is used in Europe and other 

markets adhering to the CE certification process. The two 

systems use different methods for measuring cut resistance, and 

the following article will describe the similarities and differences 

between the two systems and provide insights into possible 

changes to testing and classification that could impact how 

users interpret cut protection in the future.

1  |  Introduction 2  |  ANSI/ISEA Classification 

Under the ANSI/ISEA classification system as defined by ANSI/ISEA 105, American 
National Standard for Hand Protection Selection Criteria, the cut resistance performance 
level of a glove is determined by the results of ASTM F 1790, Standard Test Method for 
Measuring Cut Resistance of Materials Used in Protective Clothing. The objective of ASTM 
F 1790 is to find the load required to cut through a material using a standardized blade 
after it has traversed a specified distance, known as the reference distance, across the 
material. Materials that can withstand higher loads at the same reference distance are 
interpreted as having higher cut resistance. 

Development and History of ASTM F 1790 
•  ASTM F 1790 was first adopted in 1997 under the jurisdiction of subcommittee F23.20 

on Physical Hazards and utilizes a testing device called the Cut Protection Performance 
Tester (CPPT) 

•  The standard was revised in 2005 (F 1790-05) in an attempt to harmonize with ISO 
13997 by incorporating another testing device called the Tomodynamometer (TDM-100) 
and changing some aspects of the procedures.

•  Due to issues with correlation and harmonization between the two devices and the 
previous version of the method, the standard was revised again in 2014 (F 1790-14) and 
reverted back to the 1997 version allowing for only the CPPT device to be used.

•  A new ASTM method for the TDM was developed and approved in 2015 (See ISO 
Testing Alternatives section for details on the TDM)
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Considerations when using the ASTM testing method: 
•  Variability of the test method can be high, particularly between different testing labs, 

as a result of inconsistencies with the blade supply, machine or operator errors, and the 
inherent variably of many highly cut-resistant materials that can contain multiple types 
of materials and constructions. 

•  The latest revision of F 1790 (2014) now provides calculations for variability including 
standard deviation and confidence intervals that can be used to gauge the variability of 
the test results and make comparison between multiple samples and testing locations 
easier. These same statistical features also appear in the standardize ISEA template for 
calculating the cut resistance level of the product. 

Level Rating Force (gf)

0 < 200

1 ≥ 200

2 ≥ 500

3 ≥ 1000

4 ≥ 1500

5 ≥ 3500

ANSI/ISEA 105 Level Classification
Gloves are assigned a performance level 
based on the average rating force (now 
called the calculated cutting load) of three 
samples tested using either ASTM F 1790-
07 or F 1790-05. The levels ranges are as 
follows: 

Regression Analysis 
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Figure. Regression procedure to determine the calculated cutting load of 362 gf at the 
reference distance of 25.4 mm (ASTM F 1790-14).

ASTM F 1790 Testing Procedure 
•  Identify 3 loads that will cut the material within 2 in. (50.8 mm) of blade travel
•  Make 5 cuts at each of the 3 loads using a new blade for every cut
•  Using the 15 data points collected, plot the data after compensating for blade sharpness 

and perform a regression analysis to fit an exponential curve to the data (see Figure 
below)

•  Calculate the cutting load (rating load) at the reference distance specified by method 
revision

Method Revision Reference Distance (inches) Reference Distance (mm)

F 1790-97 1 25

F 1790-05 0.8 20

F 1790-14 1 25.4*

*  In the original 1997 version of the method, the conversion between inches and 
millimeters was incorrectly rounded to the nearest millimeter even though the method 
requires recording the distance to the nearest 0.1 mm. This results in a different rating 
load estimate depending on which unit system was selected. The issue was corrected 
in the 2014 revision to the method by using the correct conversion of 1 inch = 25.4 mm, 
thus making the rating load calculation consistent between the two unit systems.
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Summary of the EN 388 Blade Cut Test 
•  The sample is clamped over a conductive rubber support
•  A counter rotating circular blade slices back and forth on the sample under a constant 

force of 5 N (510 gf)
•  A counter records the number cycles until the sample cuts, which is detected by an 

electrical circuit
•  5 cuts are performed on each sample, with 2 samples tested from each glove in 

alternate directions
•  A cotton reference fabric is tested before each cut and is used to calculate the Cut 

Index and to normalize the data for the sharpness of the blade
•  The Cut Index for the 5 cuts are averaged for each sample, and the lowest average Cut 

Index of the two samples is used to determine the performance Level of the product.
•  The result is indicated in the second (b) position of the EN 388 pictogram. 
 

Testing Sequence

Cut 
Reference 

Fabric 

Cut  
Sample

Cut 
Reference 

Fabric 

Calculate 
Cut Index

Repeat 
sequence
5 times and 
average

abcd

Level Minimum Cut Index
1 1.2

2 2.5 

3 5.0 

4 10.0

5 20.0

Comparison of EN 388 and ASTM Cut Test Methods

EN (Couptest) ASTM (CPPT)

Blade Type Circular
Double Beveled

Straight 
Double Beveled

Blade Motion Counter-Rotating Slicing

Blade Reuse Blade used until dull New blade for each cut

Blade Speed Variable, 0-110 mm/s Variable, 0-14 mm/s

Force on Blade Constant, 500 gf (1 lbf, 5 N) Variable, 0-5000 gf (0-11 lbf, 0-50 N)

Cuts per Sample 5 15

Cut Detection Method Electrical Contact Electrical Contact

Measured Property Cycles to failure Distance of blade travel

Test Result Calculated Cut Index
(Unitless Ratio)

Calculated Rating Force  
(grams-force or Newtons)

EN 388, the European standard for protective gloves against mechanical risks, defines 
both the standard test method and the performance level classification for blade cut 
resistance. The primary test method for cut resistance in EN 388 differs from that used 
for ANSI/ISEA 105 and utilizes a device called the Couptest. The blade of the Couptest is 
circular and applies a counter-rotating motion under a fixed load of 5 N (equivalent to 510 
gf). The blade is passed repeatedly over the sample, and the number of cycles to produce 
a cut through is determined. A cut index is calculated that determines the classification 
level of the product.

3  |  ANSI scale based on ASTM results 
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Performance Levels A B C D E F G H I

E   EN ISO cut resistance  
(Newtons) 2 5 10 15 22 30 40 50 60

abcd -p

4 |  ISO Testing Alternatives 
ISO 13997, International Standard for the determination of resistance to cutting by sharp 
objects, is an alternative standard test method for cut resistance utilizing a device called 
the Tododynamometer (TDM).

The test devices and procedures for ISO 13997 and ASTM F 1790 are similar but involve 
some subtle changes that can affect the final test result. Both devices operate on the 
principle of applying varying loads to a straight-edged blade and recording the distance 
required to cut through the sample, and both procedures involve the calculation of 
a cutting load at a specified reference difference using a regression procedure. The 
reference distance is different for the two methods, however, and is specified as 20 mm 
in the ISO method and 1 inch (25-25.4 mm) in the ASTM method. Another important 
distinction between the two methods is the mounting procedure for the sample. In the 
ISO method, the sample is mounted on top of a conductive strip that when contacted 
by the blade signals the machine that a cut has occurred; in the ASTM method, the 
conductive layer is underneath the mounting tape used to secure the sample, which 
requires the blade to cut through both the sample and tape before a cut is detected. 
There are also mechanical differences between the TDM and CPPT, such as blade 
orientation, blade speed, the drive mechanism, and how the force is applied that can 
produce different results depending on the material being testing.

TDM Cut Test 
Machine

Figure. Regression procedure to determine the calculated cutting force of 4.3 at the 
reference distance of 20 mm (ISO 13997). 
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Usage of ISO 13997 and the TDM in Product Classification 
ANSI/ISEA 105 Classification 
Even though the TDM device was incorporated into the 2005 revision of ASTM F 1790, the 
ASTM method was never recognized as a harmonized replacement for ISO 13997. The use 
of the TDM, however, is allowed by ANSI/ISEA 105 for use in determining cut resistance 
performance levels when tested under ASTM F 1790-05. It is expected that the TDM 
will also be accepted in future revisions to ANSI/ISEA 105 but under its new ASTM test 
method designation outside of F 1790. 

EN 388 Classification
In the current revision of EN 388, ISO 13997 and the TDM will become the mandatory cut 
test  for highly cut-resistant materials that have a dulling effect in the circular blade used 
in the coupe test.  
In this proposed revision to EN 388 projected to go into effect in 2016, ISO 13997 and the 
TDM will become a more important part of the EN cut protection classification system 
by providing a new letter-based designation for EN ISO cut resistance (level A to F) in 
addition to the current number-based blade cut resistance index from the Couptest. The 
new EN ISO cut designation will be mandatory for products that have a dulling effect on 
the blade during the Couptest (such as many products that contain glass) and voluntary 
for all other products. The new EN ISO cut level designation will appear in the fifth 
location (e) of the newly expanded pictogram and is proposed to be as follows:
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5  |  Glossary 

Organizations 
•  ANSI – American National Standards Institute. A society of standardization societies 

which approves official American National Standards and which represents the USA in 
international standardization efforts.

•  ASTM – still officially American Society for Testing and Materials, but they now 
recruit members from other countries and prefer to be known by just the initials. 
The largest single standards-writing body in the USA, a society which has over 130 
technical committees covering a wide variety of topics. ASTM F23 is the Committee on 
Protective Clothing.

•  CEN – Comite Europeen de Normalization, European Committee for Standardization. 
The standards that they write are providing presumption of conformity to the PPE 
legislation and are therefore the principle standards for products sold in the European 
Community.

•  ISEA – International Safety Equipment Association. A society of manufacturers and 
other suppliers of safety equipment which writes ANSI-approved standards for these 
types of products.

•  ISO – International Organization for Standardization.

Test Methods
•  ANSI/ISEA 105 – American National Standard for Hand Protection Selection Criteria.
 • Current Revision, 2011
 • Under review for revision in 2015. 

•  EN 388 – Protective Gloves Against Mechanical Risks.
 • Current version, 2003
 • Under review for revision in 2015

•  ASTM F1790 – Standard Test Method for Measuring Cut Resistance of Materials Used in 
Protective Clothing.

 • Current Revision, 2014. CPPT device only, with editorial revisions approved for 2015
 • Previous Revisions, 1997 and 2005
 • New method for the TDM approved for 2015

•  ISO 13997 – Protective clothing — Mechanical properties — Determination of resistance 
to cutting by sharp objects.

 • Current version,, 1999

Testing Equipment
•  CPPT – Cut Protection Performance Tester, the device used in ASTM F1790.

•  mCPPT – Modified Cut Protection Performance Tester, a modified version of the CPPT 
used for testing materials with high friction in ASTM F1790.

•  TDM-100 – Tomodynamometer, the device used in ISO 13997 and ASTM F1790-05.

•  COUPTEST – the device used in EN 388.

General Terms
•  Cut Resistance – From ASTM F1790-05, “the property that hinders cut through 

(the penetration of the cutting edge entirely through material) when a material or a 
combination of materials is exposed to a sharp-edged device”.

•  Cut Protection - the combination of influences that tend to prevent a worker from 
being cut.

•  Load – a force placed on an object. In this context, the force placed on a blade to press 
it against a specimen of glove or protective clothing material.

•  Rating Load (Cutting Load) – From ASTM F1790, in cut resistance testing, the load 
required to cause a cutting edge to produce a cut through when it traverses the 
reference distance across the material being tested. 

 • For ASTM F1790-97 the distance is 1 inch (25 mm).
 • For ASTM F1790-05 the distance is 0.8 inch (20 mm).
 • For ASTM F1790-14 the distance is 1 inch (25.4 mm).
 • In ISO 13997, this is called the Cutting Force and is calculated at a reference distance 

of 20 mm. 

•  Cut Index – the value for cut resistance as calculated in EN 388.

•  Repeatability – the minimum difference required between sample means for two 
samples tested by the sample lab to be considered statistically different.

•  Reproducibility - the minimum difference required between sample means for two 
samples tested by different labs to be considered statistically different.
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6  |  Conclusions 
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The landscape of cut resistance testing is complicated and constantly changing. 
While great progress has been made over the last 20 years to standardize and 
harmonize the various approaches to testing cut resistance across the world, relying 
solely on the results of a laboratory test to predict cut protection is never enough. 
It takes experience and a true understanding of the end use application to deliver 
the right solution for your cut protection needs. Other factors such as environmental 
hazards, worker compliance, and cost all must considered when selecting the proper 
hand protection solution. Ansell, with its dedicated staff of trained sales professionals 
and advanced R&D resources, is constantly pushing the limits of technical innovation 
and customer focus to deliver the best cut protection solutions for your organization.


