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This inaugural ADIPS Incident Bulletin relates
to a major ride accident in a small theme park
(i.e. Grona Lund) in Stockholm, Sweden.

The incident is particularly interesting as it
concerns the replacement of safety critical
wheel support arms in a situation where the
original ride manufacturer no longer exists
and as such it was necessary for the
manufacture/fabrication to be undertaken by
third parties not familiar with our industry.

In doing so the third party deviated from the
original design which together with poor
welding standards resulted in a catastrophic
failure of one of the replacement wheel
support arms whilst a train was in motion with
eleven passengers on board. Three
passengers were ejected from the train one of
whom died at the scene and several others
sustained serious injuries.

Whilst the accident has been fully
investigated by the Swedish Authorities and a
full reportissued, no prosecution has taken
place at the time of writing although it is
understood that will ensue in due course.

There are a number of interesting learning
points associated with this incident and this
bulletin seeks to communicate these to
controllers in the interests of preventing any
future events of this nature.
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Outline of Investigation Report for the Jetline Coaster
Accident at Grona Lund Sweden in June 2023

The Swedish National Accident Investigation Board (SHK) released their
investigation report for the Jetline Accident in June 2024 and this is available to
download in English free of charge on the SHK website at www.shk.se .

Thisincident bulletin is intended to provide basic details of the incidentincluding
causation and learnings arising ; full details are included in the aforementioned
official report.

The Jetline rollercoaster, manufactured by Schwarzkopf GmbH had been
operating at the Grona Lund Theme park in Stockholm since 1988. The gravity
fall coaster had a ride track length of approx. 800m, a track height of up to 30m,
a max g-force of 4.5 and a max speed of 90 kph. Five trains were available each
having a payload of 14 passengers across seven carriages although at the time
of the incident only three trains were in operation. The photographs below show
the blue painted ride track and trains in motion.



http://www.shk.se/

On Sunday June 25™ 2023, the wheel carrying support arm on the front carriage of a Jetline train suffered a structural failure

‘becoming detached resulting in the underside of the carriage striking the track joints at several points before coming to rest
after travelling approx. one third of the track. The resultant deceleration forces caused the eleven passengers on board to
be thrown against the individual lap bars some of which bent under the imposed dynamic load resulting in three passengers
being ejected from the ride, one of whom died and another sustained major injuries. In addition, two other passengers who
remained in the carriages were seriously injured and others escaped with minor injuries.

The photo above left shows the normal closed lap bar position and on the right is a set of lap bars postincident. The lap bar in the
background is actually in the closed position as per the one in the foreground but has been bent open by the forces of the
passengers during rapid decelerations as the underside of the carriage struck the track joints on a number of occasions. The
investigating body estimated that the lap bars were subject to forces five times that of a normal emergency/safety brake
stoppage.

The red circle in the photo shows the missing wheel set/carrier and the arrow shows accident damage/deformation to the front
section a carriage.

The original front axles had been on the ride for over 30 years and one of the wheel carrier support arms were showing signs of
fatigue cracking such thatin 2019 Grona Lund placed an order for five replacement front support arms for delivery in 2020 although
only two of these had been installed at the time of the accident. The arm that failed causing the accidentitself had not been installed

until March 2023 due to COVID related restrictions/delays and had completed approx. 5,000 track cycles at the time of the
accident.



Eo

2 PAEINT .

. * =

The support arms (see red lines in photo above) were originally made of hollow square steel tubes measuring 100x100 mm with
a wall thickness of 5.6 mm. The square tubes consisted of three parts, two downward angled parts and a central part, which
were welded at the joints. At each end of the square tubes, round tubes were welded to which a wheel (wheel bogie) structure
was attached. Each train had eight carrying arms. The first carriage had two carrying arms and the other six carriages had one
each. The carrying arm at the front of the train was attached to the carriage by a longitudinal shaft in the middle ( see red arrow
in the photograph above) which allowed the ends of the carrying arm to move up and down. The other carrying arms were fixed.

Given that the original manufacturer of the ride was no longer trading , Grona Lund outsourced the manufacture/fabrication to
a third party with whom they had worked for several years. The park provided a copy of an original drawing of the support arm
and details of the material to be used. Unbeknown to Grona Lund, the third party subcontracted the work to an entirely separate
company and the person who performed the welding on the support arms had no formal welding qualifications/certification.
Furthermore, the newly manufactured support arms did not incorporate a cross plate on the inside of the pipe at the weld joint
that was present on the original arms (see photographs below).



The above shows a cross section of the two support arms, the one on the right is the original incorporating the cross/transverse
plate and the one on the left was manufactured in 2019 without the aforementioned plate.

The above photograph shows a wheel support arm with cut out samples laid on top. The sample on the left is from the support
arm manufactured in 2019 and the one circled in red on the right is from an original which incorporated the transverse metal
plate/stiffener.

Materials specialists from the SKH investigation team concluded that the reason for the failure of the support arm was the poor
weld design and the deviation from the original design. The transverse plate inside the support arm at the weld, which would act
as a stiffener and also as a root support (material instead of void at the bottom of a joint to be welded) at the weld, was missing.
The absence of the transverse plate meant that the forces were not distributed away from the joint, which meant lower strength.
The lack of root support also made welding more difficult and impaired the conditions for performing an adequate weld.

It is understood that the Inspection Body routinely engaged by Grona Lund for annual inspections/NDT etc. were not involved in
any design review/PUI of the newly fabricated support arms in line with EN13814 and Swedish Regulations on the basis that these
were a “like for like” replacement rather than a safety critical modification.
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This complex accident has a number of causal factors and interesting issues associated with it from which some
important learnings points can be taken.

Fundamentally, a deviation from the original design occurred as a consequence of this being a legacy device for which
the original manufacturer (OEM) no longer exists and the outsourcing of manufacture/fabrication to a third party
resulting in design deviations and poor standards of fabrication.

Had the OEM still been trading and the support arms procured directly through them, then this could have been
construed as a “Like for Like” replacement such that a Pre-Use Inspection (PUI) by an Approved Inspection Body (IB)
would not have been technically necessary under the auspices of EN13814 as this would not have constituted a safety
critical modification. However, given that this was not the case and that the situation had necessitated that third parties
were appointed who may not have fully understood the safety criticality of these components then the IB should have
been proactively involved and the arms subject to design review, assessment of conformity and Initial Test (i.e. PUI).

EN13814 requires controllers to consult with the ride manufacturer (if trading ) and IB before undertaking a safety critical
modification safety.

HSG 175 defines a Safety critical modification as “Any alteration to the hardware and/ or software of a piece of
equipment, including the introduction of a safety-critical component which results in a deviation from the original
design specification.

Controllers should review HSG175 paragraphs 202 to 207 for details regarding Modification and repair.

HSG 175 Paragraph 205 states that “If in doubt, it should be assumed that every modification is safety critical, and the
advice of a competent person should be sought.”

This ‘Competent Person’ should be an ADIPS IB with a technical scope covering PUI. Please see ADIPS websites for
details of Inspection Bodies.

When outsourcing work to or procuring safety critical components from non OEM third parties extreme care must be
exercised by controllers to ensure that all relevant information is exchanged between involved parties and that robust
steps are taken to ensure that material/weld specifications etc. are in line with original parameters. Furthermore, your
approved IB must be engaged to oversee the process and ensure that due diligence is observed by all relevant parties.

A further interesting facet of this incident is that the Swedish Accident Investigation Authority (SKH) investigate major
accidents including in the aviation, rail and marine sectors as well as Theme Parks/Attractions. They are entirely
separate from the prosecuting authority, unlike in the UK where the Health and Safety Executive would fulfil the roles of
both investigator and prosecutor in the case of ride related accidents at Theme Parks/Attractions. The Swedish split role
model facilitates the results of the investigation to be published quicky (in just under 12 months in the Jetline case) and
in the public domain in the interest of ensuring that learnings and corrective actions across the relevant sector are
communicated/adopted at the earliest opportunity. Any subsequent prosecution is then taken at a later date (i.e. after
the publication of the investigation report) by the separate prosecuting authority. This is refreshing and very different to
the UK where no investigation information is released by the Regulator (i.e. HSE or local authority) until the prosecution
case has been concluded which can take several years in many cases and even then limited information is released to
the industry to ensure that learnings are made.
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