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Introduction

Abstract

Helmets are necessary to protect the head of cyclists in the event of an accident.
Helmets protect cyclists in two ways: by absorbing impact energy directly, and by
reducing the severity of head injuries during collisions. A proficiency test on helmet
impact energy absorption consists of three phases: pre-test, during-test, and post-
test. Before the test, some conditions need to be met, such as equipment calibration
and environmental conditions, preparation of the test piece, etc. At the same time,
it should be noted that factors such as impact velocity, impact location, fixture po-
sition, data acquisition, and uniformity of test operations can all affect the accuracy
and consistency of the results. Based on the test results, we evaluated the data, iden-
tified any abnormal results, and analysed the reasons for these deviations. There-
fore, the following specific recommendations will be made to improve the test pro-
cess, equipment management, staff operations, and quality control. The purpose is
to offer some reference materials for the testing institution of proficiency tests and
to help improve the overall level of helmet tests and laboratory quality assurance.
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Cycling has greatly enhanced daily convenience, and with the continuous development of battery technology, elec-
tric bicycles have gained increasing popularity. However, because electric bicycles are faster than traditional bicy-
cles, the injuries caused in traffic accidents are also more severe. Head injuries can be fatal, so wearing a helmet
correctly is an effective way to prevent serious injury to the head.

Therefore, China has released two mandatory standards: GB 24429-2009 [1] “Helmets for Sports - Protective
Helmets for Bicyclists, Skateboarders and Roller Skaters” and GB 811-2022 [2]. “Helmets for Motorcyclists and
Electric Bicycle Riders”, and all helmets must pass tests and meet all the above requirements before being put on
the market. These requirements help improve the safety of wearing helmets for all people.

Existing studies on helmet safety have primarily focused on impact protection, materials, structural design, and
test methods. However, comparatively limited attention has been given to laboratory quality control and interlabor-
atory comparability in helmet impact-energy absorption testing. This paper offers some practical advice to help
testing institutions build a strong technical foundation and promote the development of helmet testing technology.
Proficiency testing (PT) is an unbiased method for assessing laboratory performance to assess the performance of
laboratories and meeting accreditation requirements [3].

1. Before the Test

Register for the proficiency test and then contact the organizers to learn about the distribution of samples in time.
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Receive the sample and then check whether it is in good order and undamaged. Check the number, package, kind,
and other specifications of the helmets, and make sure that there are no obvious defects, such as cracks. If there are
any problems, take pictures and inform the organiser so that they can be replaced [4].

Next, the laboratory will carefully read the instructions for the sample. Two test methods are available: the single-
axis accelerometer method and the three-axis accelerometer method. Depending on the organiser, a particular way
may be specified, or the laboratories may be allowed to choose one. The chosen method should be in accordance
with the organizer’s instructions; otherwise, the submitted data will be considered invalid.

GB 24429-2009 and GB 811-2022 both list helmet impact zones. Random selection of impact points may affect
result consistency and reproducibility; therefore, some organizers have fixed the impact point on the samples to
improve the comparability of data from different laboratories.

Confirm that the equipment is ready. It should be confirmed that the instruments are within their calibration
period, verify the mass of the headforms (e.g., 3.1 £ 0.10 kg for size A, 4.7 £ 0.14 kg for size J, etc., as per GB 811-
2022), and carry out calibration tests. For example, when using a J-type headform dropped from 1450-1550 mm,
the peak acceleration should be in the range of 400-440 g, the deviation among repeated trials should not exceed 20
g, and the impact duration at 200 g should be less than 0.1 ms.

If there is a difference between the set speed and the displayed impact speed, one can lubricate the guide rail to
reduce friction or slightly increase the set speed based on the calculated deviation. Calibration is to find and correct
sources of error so that the test data obtained are accurate and reliable.

Finally, the laboratory environment should be set to 21 + 5 °C and a relative humidity of 40-80%.

2. During the Test

Sample preconditioning, selection of the impact point, arrangement of anvil and helmet fixing, etc., will all affect
the test results. The laboratory should meet the organiser’s requirements and have good operating conditions [5].
Calibrate before and after the test, then confirm that the data are correct [6].

According to GB 811-2022, the three preconditions for helmet preparation are:

Heat treat at 50 = 2 °C for 4-6 hours.

Low-temperature treatment at -20 + 2 °C for 4-6 hours.

Water immersion at 23 + 5 °C for 4-24 hours, then drain for 20 minutes and test.

Set an early preparation time for the organizer to reduce the difference among the laboratories. Laboratories need
to know that GB 24429-2009 and GB 811-2022 have slightly different pre-treatment requirements.

Influence Points Differ for Helmet Types. According to GB §11-2022, Type Al and A2 helmets need four impact
positions (two of which are a flat anvil and two are hemispherical anvils), and each must be tested twice; other types
of helmets (A3, B1, B2, B3) need three positions and are only tested once with a flat anvil.

After the sixth consecutive strike under the same conditions, it will be calibrated. The first three are preliminary
and not recorded; the next three must meet all requirements before the official test begins. After calibration, replace
the anvil with the specified flat or hemispherical anvil for the actual test.

Helmets are then placed on the corresponding headform. A half-headform without a jaw requires additional tape
to prevent movement during impact. So that it does not move in a collision. A full headform requires only a single
chinstrap.

Fasten the helmet and then, by pulling on the steel cable, bring the helmet to the anvil. After confirming the
arrangement, the test will be carried out at the specified impact speed. Immediately check if the acceleration and
duration meet the requirements. Each subsequent impact test should be completed within 5 minutes.

3. After the Test
3.1 Original Test Records

Original records should include sample identification, environmental conditions, calibration results, preconditioning
details, impact locations, peak acceleration values, and duration measurements. All records should be reviewed for
completeness, traceability, and consistency before submission [7]. These records should contain:

Sample description: identification number, name, standard references, headform type, product category, appear-
ance, etc.

Test data: environmental conditions, pre-test and post-test calibration values, pre-treatment details, impact

DOI: 10.26855/ea.2026.09.014 220 Engineering Advances



Pengfei Zuo, Yong Liu, Xingqi Yuan, Bin Xu

locations, anvil type, peak acceleration, and durations exceeding 150 g and 200 g.

The three sets of test data presented in this section were obtained from an actual laboratory proficiency-testing
activity. The helmet samples were provided by the proficiency-testing organizer and were tested in accordance with
the applicable PT protocol and GB 811-2022. The impact-testing equipment and relevant measuring instruments
were within their valid calibration periods at the time of testing. To protect the confidentiality of the proficiency-
testing program, detailed information identifying the organizer, samples, and laboratory is not disclosed.

Table 1. Representative test record

Durations exceeding Durations exceeding

Sample Peak acceleration(g) 150 g (ms) 200 g (ms) Result
1 161.7 0.928 0 Pass
2 144.2 0 0 Pass
3 131.3 0 0 Pass

3.2 Data Review and Traceability

Records must be accurate, consistent, and reviewed by a second person. No blank fields are permitted; unnecessary
fields should be crossed out. Each page should carry the sample identification for traceability.

3.3 PT Result Submission

Laboratories then need to complete the result report form specified by the organiser and ensure it matches the orig-
inal records. Stamp the report with the official seal of the laboratory and submit it along with other materials.

4. Conclusion

Proficiency testing provides an effective means of evaluating and improving the technical competence and quality
assurance capability of laboratories conducting helmet impact testing. For impact-energy absorption tests under GB
811-2022, reliable results depend on the coordinated control of personnel, equipment, samples, test methods, envi-
ronmental conditions, and data management.

Particular attention should be paid to equipment calibration and verification, sample preconditioning, impact ve-
locity, impact-point selection, headform and anvil configuration, and the consistency of testing operations. Labora-
tories should establish documented procedures for pre-test verification, in-process monitoring, post-test calibration,
data review, and record traceability. When abnormal or inconsistent results are observed during proficiency testing,
the laboratory should investigate the underlying causes rather than simply adjusting test parameters to obtain ac-
ceptable results [8].

Overall, systematic quality control throughout the testing process can reduce sources of measurement variability,
improve the comparability and reliability of results, and strengthen the laboratory’s technical capability for helmet
safety testing. The practical considerations presented in this paper may provide a useful reference for laboratories
participating in proficiency testing and for the further improvement of helmet testing procedures.

Use of Al Tools

The authors used [ChatGPT] for language editing and readability improvement. All scientific content, interpretation,
and conclusions were reviewed and approved by the authors.
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