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The work aim is to provide information on a new possibilities for assessing the protective

properties of automatic (auto-darkening) welding filters (AWFs) in terms of switching time. The

presentation of the new test stand is particularly important for AWF manufacturers and engineers

designing new constructions of welding shields equipped with AWFs. The new test stand opens

the possibility of testing panoramic welding filters and AWFs integrated with welding shield bodies.

Introduction

Automatic welding filters (AWFs) are designed to make welding safer. Welding is classified as a

hazardous occupation due to the simultaneous occurrence of various risks, including mechanical,

thermal, optical, and exposure to toxic vapors and fumes. Automatic welding filters (so-called

active), unlike passive filters, automatically switch from a light to a darkened state as a result of an

optical impulse. They provide effective protection for welders' eyes against exposure to harmful

optical radiation, especially during accidental ignition of the welding arc or when near other

welders' arcs. The filter's protective properties include attenuation of the luminance of the welding

arc to a safe level (protection against intense visible radiation that can cause glare) and protection

against harmful UV and IR radiation (which are invisible to humans).

The automatic welding filter consists of a structure composed of a liquid crystal screen (comprising

layers of polarizers), solar cells, a housing made of plastic, an electronic module, detectors

detecting the welding arc and protective glass. In short, the phenomenon causing the effect of

darkening and brightening the filter occurs due to liquid crystals located between polarizing filters,

which change polarization under the influence of applied voltage (rotate the polarization of light by

90 degrees) [1, 2].

The construction of welding protectors equipped with AWFs and AWF units themselves has

evolved over several decades. In the past, welding shields, primarily involved welding helmets with

replaceable AWFs. However, modern developments have led to integrated structures that combine

AWF technology with welding protection bodies, such as AWFs integrated with goggles (as shown

in Figure) [3].

Figure 1. New constructions of welding shields with automatic welding filter: a) welding shields with curved AWF; 

b) auto-darkening welding goggles with AWF and face shield integrated [4,5].

Utilitarian and scientific justification for this work

The introduction of new designs of welding filters and welding shields integrated with AWF to the

market has several significant consequences :

1. Standardization efforts to implement changes in requirements and testing methodologies, 

2. The need to adapt laboratory equipment to accommodate these new requirements and 

research methodologies.

A newly constructed test stand in the CIOP-PIB laboratory has been specifically designed to meet

the requirements outlined in the new ISO standards and to facilitate the testing of a wide range of

welding shields equipped with AWFs.

A universal test stand for assessing switching time has been developed following the specifications

detailed in the new standards including PN-EN ISO 18526-1:2020-09 [6], PN-EN ISO 16321-

2:2022-03 [7] and the standards referred to.

Figure 2 illustrates the concept of a test stand for evaluating switching time following these

standards.

Figure 2. Concept of a test stand for evaluating switching time in accordance with the standards [6, 7].

Figure 3. shows the concept of the filter illuminating during the tests.

Figure 3. Concept of illuminating the sample during testing in accordance with Annex E of the PN-EN ISO 18526-

2:2020-09.

The filter’s perpendicularity to the optical axis will be ensured through a manually operated

mechanical system (d). The measurement of the filter switching time will be calculated by the

microcontroller following the integral formula described in Annex C, point C.3.7 of the PN-EN ISO

18526-2:2020-09. The device will be equipped with two temperature sensors and temperature

control will be maintained at the required level using a thermostatic heating and cooling system (e),

as depicted in the side view. The new test stand for evaluating the switching times of automating

welding filters (AWFs) is presented in Figure 4.

Figure 4. View of the test stand for switching time evaluation.

The new test stand for evaluating the switching time of AWFs must meet the requirements of the 

new ISO standards and must possess sufficient versatility to accommodate emerging trends in 

welding protection structure design. The key considerations for the construction of this new testing 

stand for switching time assessment are outlined below:

1. Ensures the required blackout conditions (in connection with determining transmission

coefficients as data necessary to determine the switching time),

2. Dimensions - correlated with the maximum dimensions of welding protection bodies to ensure

comfortable installation and positioning of samples,

3. Temperature stability - requirements for the construction elements of the stand,

4. Universal sample mounting system - enabling testing of various types of welding protection

(head model that will ensure natural conditions for the use of protection) and it should

incorporate a light angle control system to ensure the required accuracy,

5. Measurement system - based on dedicated computer software - full automation of data

collection and processing and displaying the final result on an LCD touch screen,

6. Trigger system - allows to switch the filter from light to dark state, while being separated from

other light sources,

7. Lighting system – system that meets the standard’s requirements, consists a specialised

electronic system capable of rapid turn on/off,

8. Detection module - mapping real conditions during welding (with detectors positioned at eye

level, on lines of sight),

9. Microprocessor control module - ensuring control and synchronization of all active modules and

performing measurements,

10. Heating and cooling module - ensuring the required conditions for measurements as defined in

the standard, enabling the required temperature stability in the time (one hour before the

testing).

Conclusion

The work aimed to introduce a new test stand for the precise determination of the switching time of

automatic welding filters (AWFs).

New trends in the design of welding shields equipped with AWFs, which respond to the needs of 

users, bring a consequence in standardization work. As innovative technical solutions in Personal 

Protective Equipment (PPE) emerge, it becomes imperative to establish new standards and 

research methodologies tailored to these advancements.

In response to the innovative developments in welding shield constructions equipped with AWFs

and the accompanying normative changes, research laboratories must adapt their measurement

equipment and construct modern test stands to meet these evolving needs.

The development of a new test stand for assessing the switching time of AWF is currently

underway at CIOP-PIB, with collaborative efforts between CIOP-PIB and the nProLab company,

spanning the years 2023-2024.

The CIOP-PIB Eye and Face Protection Laboratory invites entrepreneurs - manufacturers of

AWFs and welding shields equipped with AWF to cooperate in the field of testing, testing of

prototypes, and innovative constructions integrated with AWFs.
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a) b)

A – round hole in the mirror

B, C – membranes

D – diffuser

M – mirror

S – mechanical shutter

d – distance from the trigger

source to the tested sample

F – fluorescent light source

I – incandescent light source

L – xenon light source triggering

the arc

T – test sample

1 – ambient lighting falling on 

the solar cell 

2 – trigger light beam falling on 

the photodetectors

3 – measuring beam of light passing 

through the welding filter

The test stand consists of an illumination system (a) and two optical detectors placed inside the

human head model (b), representing the location of the eyeballs. The level of darkening will be

calculated as the quotient of the amount of light passing through the filter in the dark state to the

amount of light passing through the filter in the bright state. Two diodes (a) placed on the

measurement axis (f) will serve as the measurement light source, illuminating the two detectors

(b). This configuration ensures a close approximation to natural lighting conditions during

welding, achieved through a point light source and the aforementioned placement of detectors.

The trigger light source (c) will also be a diode within the visible (VIS) range, with appropriately

adjusted brightness. directed straight onto the detector, ensuring effective separation of trigger

light from measured light.

The critical aspect lies in controlling the sample positioning during measurement. The new

standard imposes strict accuracy requirements regarding the angle of the measuring light beam

in relation to the filter. Specifically, the new standard demands an angle with a value and

precision of (90±1)°, whereas the previous standard allowed for an accuracy of (90±5)°.

Consequently, a specialized system has been developed to maintain the correct filter orientation.


