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Kort sammanfattning

Plus testet dr ett vilkéant frivilligt krocktest utfort av VTI. Det uppfordes 2009 som ett komplement till
standardgodkénnandet for bilbarnstolsreglemente ECE R44. Anledningen var att
standardgodkénnandet inte innehdll grénser for nackkrafter.

2013 inférdes ett nytt reglemente for godkdnnande av bilbarnstolar som heter UNECE R129.
Standarden innehaller bland annat uppdaterade testriggar och mer biomekaniskt korrekta krockdockor.
Som ett resultat av det mer sofistikerade standardsystemen blev bilbarnstolarna mer avancerade, men
maitningen av nackkrafter 6vervakas bara. For att tillgodose den nya utvecklingen av bilbarnstolar sag
VTI behovet av att fornya Plus-testet.

Det frivilliga Plus testet genomsyras fortfarande av den svenska modellen. Vilket ar att sma barn ska
resa bakatvént sé linge som mojligt, atminstone fram till fem &rs alder.

Malet med fornyelsen é&r att frimja principen om jimn belastning 6ver hela kroppen, alltsé jamnt stod
av huvud och bal vid en frontalkollision.

Ett nytt Plus test har introducerats 2023, med nya krockdockor, ny sldde och nya grinsviarden for
godkéannanden.

Grund for fornyelsen har varit litteratur, analyser av befintliga data, datorsimuleringar och krocktester.

Nyckelord

Bilbarnstol, Plus test, Den svenska modellen, frivilligt krockprov.
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Abstract

This is a short summary of the work that the Crash Safety division performed during year 2022-2023
to update the voluntary crash test called the Plus Test. It was a collaboration between VTI, and the
expert group named SIS/TK242 — Child safety in vehicles. Standpoints and conclusions are reflections
by the authors and does not necessarily align with the whole group.

Keywords
ECRS, Enhanced Child Restraint Systems, Plus Test, Swedish model, voluntary crash test.
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Summary

The Plus Test is a well reputable voluntary crash test carried out by VTL. It was born in 2009 as a
complement to the standard approval for child restraint systems ECE R44. Since the standard approval
did not include limits for neck forces.

In 2013 a new regulation for approval for child restraint systems was introduced called UNECE R129.
The standard included updated test rigs and more biomimetic crash test dummies among other things.
As a result of the more sophisticated standard child restraint systems became more advanced but the
measurement of neck forces only to be monitored. To accommodate the new development of child
restraints VTI saw the need of renewing the Plus Test.

The voluntary Plus Test is still permeated by the Swedish model. Which is that young children should
travel rearward facing for as long as possible, at least until the age of five.

The goal with the renewal is to promote the principle of even load over the whole-body supporting
head and torso equally in a frontal collision.

A new Plus Test has been introduced 2023, with new dummies, new sled, and new limit values for
approvals.

Basis for the renewal has been literature, analyses of existing data, computer simulations and crash
tests.
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Preamble

This is a short summary of the work that the Crash Safety division performed during year 2022-2023
to update the voluntary crash test called the Plus Test. It was a collaboration between VTI, and the
expert group named SIS/TK242 — Child safety in vehicles. Standpoints and conclusions are opinions
by the authors and does not necessarily align with the whole group.

This report briefly shows the work that was carried out by VTI. The goal was to protect the “Swedish
model” promoting rearward facing child restraints. The Plus Test has served this purpose for many
years but as the child restraint system develops so has the testing. With the help of members from
SIS/TK242, including representatives from insurance companies, child restraint manufacturers and
automotive industry, an updated version of the Plus Test has been established.

Thank you for your collaboration and insight.

Link&ping, October 2023

Emily Uddman
Project leader

Granskare/Examiner
Haékan Carlsson, VTI

De slutsatser och rekommendationer som uttrycks ar forfattarens/forfattarnas egna och speglar inte
nodvandigtvis myndigheten VTI:s uppfattning./The conclusions and recommendations in the report
are those of the author(s) and do not necessarily reflect the views of VTI as a government agency.

Publikationen godkind for publicering
Hakan Carlsson, VTI
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1. Background and purpose

VTI has long and solid experience of testing child restraint systems, CRS, and was among the first in
the world to start performing such tests. Involvement in the design of testing and its methods started in
the 1960s. Since then, VTI has actively participated in the development of testing and crash safety for
children in vehicles.

Both manufactures and parents have seen the Plus Test as a mark of higher safety standards for
decades. It has always been VTIs mission to protect all occupants in traffic. Since the introduction of
UNECE R129, the description Enhanced Child Restraint Systems (ECRS) has been established. The
products are improved, upgraded and superior to the former ECE R44 child restraint products.
UNECE R129 uses more advanced measurement equipment called Q- dummies and the updated test
rig corresponds better to the vehicles we see in the traffic today. The development and higher
requirements that UNECE R129 put on child restraints made VTI act to also improve the Plus Test.

With all these improvements of the basic testing, is the Plus Test still necessary? The short answer is
yes. VTIs Plus Test strives to give the consumer a bit of extra safety and the UNECE R129 does not
evaluate neck forces. These forces have been seen as one of the most critical when it comes to children
in vehicle accidents.
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2. Method and implementation

2.1.  Work group

The task of updating the Plus Test was presented in the SIS technical group SIS/TK242 — child safety
in vehicles. After agreement of renewing the test, a smaller workgroup was formed. It consisted of
representatives from SIS, Folksam, Axkid, Volvo, BeSafe, Thule and VTI. The group discussed the
method and how to renew the test during at least ten meetings distributed over a year.

2.2. 0Old Plus Test

The group first looked at the old Plus Test introduced in 2009 and agreed on that the principle should
be the same — a simple tough test that proves the safety of the child restraint.

2.2.1. Deceleration

The existing corridor of deceleration at impact was evaluated to make sure the interface between new
dummies and test rig still is feasible.

2.2.2. Test method

Other tests were briefly investigated. For example, the German ADAC test which is another voluntary
test and American FMVSS 213 which is equivalent to UNECE R129. These was decided not
preferable.

2.3. Testrig

A review of the existing test sleds, same as in ECE R44, was made in regard of changing to the
updated ECE R129 sled.

2.3.1. Retardation system

VTI has since the beginning of crash testing child restraints used a deceleration system. This means
that the sled is gently accelerated up to correct speed and then stopped in a controlled manner. As part
of VTIs work of entering the new UNECE standard a new retardation system, a big part of assuring a
controlled stop, was designed. VTI made numerous tests to verify that the new system also was
suitable for the Plus Test pulse.

2.4. Dummies

P-dummies were used in the former Plus Test and a short investigation regarding use of the new Q-
dummies were conducted.

2.5. Division of ECRS groups

The division of child restraint systems were earlier based on weight but with the introduction of
UNECE R129 it was changed to stature of the child. VTI looked at what would be feasible for the Plus
Test.

2.6. Measurement results and limits

Extended analyses of previous measurement data were carried out by members of SIS/TK242 and
VTI. Different aspects evaluating injuries to the neck like neck injury criterion (Nij), neck force[N]
and neck rotation [My] were investigated.

VTI PM 2024:12A 11



Members of SIS/TK242 carried out a simulation study to evaluate some of the hypothesis regarding
the above-mentioned components.

Another method that was investigated was to scale critical values from adult crash test dummies.

2.7. Labelling

The design of the existing label was reviewed.
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3. Result

3.1. Old Plus Test

When the work group started to look at the different aspects of the Plus Test it was deemed that the old
test corridor, pulse, and speed was tough enough. But since one of the principles in a crash is to
increase the area over which the force is applied (Eppinger, 2002), the decision was made to only
allow for rearward facing child restraints to be tested for Plus approval.

3.2. Corridor and speed

Hauschild et al. (2023) conducted a series of crash tests accomplishing different peak acceleration
pulses with three different Gs, with speed according to FMVSS 213, to investigate how different crash
pulses may influence the crash dummies. Their research showed, among other things, that the neck
tension was directly affected by the acceleration. Since force is based on mass times acceleration. The
increase of the forces in neck tension is not surprising. The Plus Test has a corridor above 30 G and
the mentioned article only went up to 24.5 G. This reassured that the speed of 56 km/h and a stopping
distance of 55050 mm is tough enough.

3.3. Testrig

The main difference between the two test rigs, ECE R44 and UNECE R129, are the angle between the
CR and the backrest. The new angle was said to represent the current vehicles in traffic better than the
old one. VTI decides to use the UNECE R129 rig to make sure to reflect the vehicles that the child
restraint will be placed in.
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Figure 1. Figures collected from annex in UNECE R129(Annex 6) and ECE R44(Annex 6).

3.4. Retardation system

After numerous tests VTI could concluded that the retardation system did performs well within limits.
The pulse was in the corridor, and it was possible to reproduce almost the exact pulse every test.

3.5. Dummies

New dummies called the Q-family was introduced in UNECE R129 and the workgroup decided to
adopt this and use the Q3 and Q6 for the Plus Test. Mainly because they are more biometric, and the
old P-dummies were not user friendly anymore. The gain of possibility to evaluate and use more
measurements was also a contributing factor. Another factor was that the weight distribution differed,
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and the sensors was not in the same place. Also, the different construction of the necks is likely to
have an impact on the stiffness of the neck. This could influence the sensors and measurement data.

3.6. Division of ECRS groups

To make it easier for parents to see the connection between UNECE R129 and the Plus Test VTI
choose to update the divisions to be by height instead of weight.

3.7. Measurement and limits

3.7.1.  Nij — Neck injury criterion

When members of SIS/TK242 and VTI evaluated the neck forces a discussion regarding if Nij could
be used as a complement to existing neck force limits occurred. Another test, FMVSS 213, for child
restraints uses it. The resulting criteria are referred to as Nij, where “ij” represents four injury
mechanisms called Nte, Ntf, Nce and Ncf. Also known as tension [N], compression [N], flexion [Nm]
and extension [Nm]. Nte and Ntf was investigated further but no conclusions could be made because

of an unreliable transducer.

3.7.2. 1ARVs — Injury assessment reference values

This values where proposed and published by Mertz et al. 2003 back in 1984 and was adopted in
FMVSS 213, American regulation for child restraint systems later.

Table 1. IARVs for peak neck reactions in upper neck for in-position testing, stated in FMVSS213.

Size and age Peak tension Peak compression
Child 3-year-old 1430 1380
Child 6-year-old 1890 1820

It is a simple and conservative way of estimating the response of the dummies. The values are based
on applying constant failure stress to a midsize male dummy and then scaled to different sizes
depending on the dummy in question. It was decided not preferable to use scaled values instead of
values based on real measurements.

3.7.3. Computer simulations

Members of SIS/TK242 carried out computer simulations regarding neck forces and the relative
movement between head and body. The study showed that Fz was the most promising criteria to
evaluate during testing. It was also revised to add a criterion for forward movement since the dummies
lack of possibility to evaluate a combination of neck loads. Especially rotation in the lower region of
the neck.

3.7.4. Crash test

VTI conducted 14 sled tests with the new Q3 and Q6 dummies during spring 2023 to compare the
dummy families. Eight tests were with Q3. Six of them were in forward facing mode and the other two
rearward facing mode. A total of six test were conducted with the Q6 and three of them were forward
facing mode and the rest rearward facing mode. Another five tests conducted in another project was
included to determine the spread of the results. To make the tests as similar as possible it was
compensated for the different angle on the backrest of the test rigs. New samples of the same child
restraint have been used in all the crashes.
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Figure 2. Neck forces for tests with P3 (blue) and Q3 (orange). Red bar showing old Plus Test limit.

Although the angle of the chest differed and the distribution of mass between the dummies, the testing
shows good correlation. The graph above is an illustration of the correlation between the dummies
where the same type of child restraint system has been used in test 1 and 2. Test 3 and 4 uses the same
type of seat, 5 and 6 another type and then 7 and 8 a fourth type. The conclusion is that there are
similarities between the type of dummies and to some extent comparable results.

3.7.5. Previous Plus Test crashes

To get even more data VTI evaluated all Plus Tests that has been conducted up until the pause and
renewal work. Counting both failed tests and succeeded ones it was about 300 tests. 189 with P3 and
111 with P6.

After some comparison and analysis, it could be concluded that the mean values of all restraints were
very close to the limits. This also shows that the child restraint systems approved to the previous
Plus Test method also meets the new requirements calculations and scaling from adult dummies.

To evaluate the method used for picking the previous limits for the neck forces in the old Plus Test
VTI also scaled values. VTI used the same article, EEVC Report Wisman et al., (2008). It could be
concluded that the values were the same and that the calculations used back then was correct. Aldo the
old values was proven good enough scaled values from adults is not directly appliable to children. In
addition to that, the report and evaluation testing was done on the very first Q-dummies. Which may
not be representative for today’s Q-dummies since the development has continued during the past 15
years. That is why VTI continued to evaluate previous crash data.

Table 2. Presentation of old Plus Test limits.

Old Plus Test limits P3 P6
Neck tension [N] 1220 1640
3.8. Labelling

After a long discussion regarding the design of the label VTI decided to only update the bottom line
regarding which stature the Plus Test approval is concerning.
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This is because there might be misunderstandings about the trustworthiness of the old test. VTI still
carry out conformity of production (COP) using the new Plus Test method on products approved by
the old Plus Test method. This will give some reassurance that the previous approved child restraint
systems meet the new requirements.

Figure 3. Picture of previous label and updated label.

16 VTI PM 2024:12A



4. Discussion

VTI took the opportunity to speak to the creator of the old Plus Test [Pettersson, (2010)], Tommy
Pettersson'. The advice from him was to keep the values low but fair. “The Plus Test is too premier
the child restraint systems that have the children traveling rearward facing for longer and goes the
extra mile regarding safety”.

After the research a proposal of using the mean value of the scaled tension and compression forces
were made to the expert group, with the same values for both tension and compression.

Table 3 — Presentation of the proposed new values.

Proposed new values Q3 Q6

Neck force [N] 1350 1840

VTI evaluated the data again and ended up with 1460 N for Q3 and 1880 N for Q6. This is a middle
ground between scaled values and conducted crash tests, both recent and old. The values are also not
that far from what has been proposed and used in other similar methods.

Discussions and meetings were held in the SIS technical group, but it was hard to reach an agreement.
In the end VTI decided to implement the later proposed values of 1460 N and 1880 N. The values will
be reviewed in three years when more data is available.

Table 4 — Presentation of implemented values to limit the neck force.

Implemented values Q3 Q6

Neck force [N] 1460 1880

It was also discussed if the test should include other Q-dummies. For example, the infant, Q0 or Q1,
with lie flat infant carriers. To renew a method is a lot of work and VTI decided that this was not the
time to implement smaller dummies, but it will be part of the next revision.

A redesign of the labelling might also be in the future adding other limits or a detail making the label
the client get from VTI unique.

Discussions were also made regarding adding tests like other collision types or more than one crash
test. The conclusion regarding this was that it is not necessary since UNECE regulation R129 already
covers a lot of testing. The Plus Test is only a complement and should not compete with the basic
testing.

! Conversation with Tommy Pettersson, 24 November 2023
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5. Conclusion

To promote the principle of even load over the whole-body supporting head and torso equally in a
frontal collision it was decided to only let rearward facing child restraint system apply for the

Plus Test. This was partly based on the very high neck values that was seen during the forward facing
testing. It was also influenced by promoting and preserving the “Swedish model”.

It was hard to set the limits since data of biomechanical knowledge on injury mechanisms and physical
parameters regarding child occupants are limited. Investigations regarding keeping the previous values
were made but testing showed that good child restraint systems with formerly very low values barely
made the limits. It was a balance act between making the test to hard, which would result in a very
exclusive group of ECRs passing the test and possibly have manufactures boycott the test. Or making
it to easy having poorly constructed ECRs passing the test and questioning the extra value of the

Plus Test. Bearing in mind that the Plus Test is voluntary and that the resources were limited VTI had
to rely on previous experience and available data.

The limits of the neck force were set to:

Table 5 — Implemented limits.

Implemented values Q3 Q6

Neck force [N] 1460 1880

As a measure to promote robustness it was decided to implement a point from UNECE R129 where all
crash test triggered systems must be turned off during the test. A crash test triggered system could be
an airbag or a belt tensioner for example.

The work of protecting children in vehicles never ends and VTI has the ambition to also include the
smaller dummies in the Plus Test. This will be a next step in improving the method and will hopefully
occur in near future.

Testing for Plus approval restarted August 2023 and has been running since then. The initial
experience is good so far and more test data will be collected and evaluated forward.
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simulators. We also have accredited laboratories for road material testing and
crash safety testing.

The library at VTl is a national resource that collects and disseminates infor-
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