Front-end impact reduction system

Measure Name Front-end impact reduction system

Definition Equipment installed on the front-end of a train to reduce the severity of injuries
from a collision.

Tags
Incident Type Both trespass and suicide
Location Both station and right-of-way
Intervention Strategy Engineering: technological and physical deterrents
Measure Group Infrastructure modification
Description

Trains are extremely heavy and cannot quickly avoid a person in the right-of-way (ROW). For example,
trains travelling at 60 mph can take up to a mile to stop. Unlike most safety measures, which aim to
reduce the number of train-person collisions, the goal of this measure is to reduce the severity of
injuries when a collision is inevitable.

Front-end impact reduction systems refer to the installation of an impact attenuator (e.g., airbag or
mechanism to capture an individual) on the front end of a train to reduce the severity of injuries to a
person from a collision. The measure would work by absorbing or transferring the collision energy to the
impact attenuator mounted on the train or by redirecting a pedestrian away from the train [1].

As of 2021, these systems have been proposed conceptually, but none have been deployed for use on a
train experimentally or in revenue service [2]. Similar reduction systems have been deployed
successfully for other modes of transportation, such as external airbags on automobiles [3].
Locomotives, however, present challenges that automobile collisions do not: for example, the train is
likely to continue moving well past the collision until the braking system brings the train to a full stop
[2]. It is unknown how elements of other designs may translate to the railroad environment, and this
requires investigation.

This measure may be most effective on trains that travel through corridors or other areas with a high
number of trespasser fatalities or suicide attempts. There are several concepts that have been proposed
for this strategy: a controllable airbag that pushes a pedestrian to the side of the track, a system to
“catch and hold” an individual, a crushable airbag to reduce impact, and a crushable bumper [1].

FRA studied the potential of a front-end airbag system to mitigate grade crossing collisions [2]. The
findings conclude that such designs had been “conceptualized, but not engineered to the point where a
feasible design has been developed” (p. 11). From a conceptual perspective, injury reduction models
indicate that such a system could feasibly reduce injuries. However, more research is required to
understand how these concepts might be turned into practice. FRA identified key technical issues that
will be important to consider should research on this topic continue, including the versatility of the
system, as well as the design of the system such that the pedestrian can be delivered to the side of the
railway reliably while minimizing potential injury.

Additional search terms: airbag, Cowcatcher, head-end
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Advantages

Potential to reduce the number of trespass and suicide fatalities and the severity of injuries if a
collision does occur.

Potential to reduce the time needed to bring rail line back to service by reducing severity of
injuries and likelihood of fatalities.

Drawbacks

Front-end impact reduction systems have been proposed, but none have been installed and
tested during revenue train operations [2].

The cost of installation and maintenance is unknown.

The system may increase the length of a train or reduce the number of revenue service railcars
due to accommodating length or weight requirements.

Notable Practices

Consider the system’s effectiveness for a wide range of collision types, including various
pedestrian scenarios (e.g., standing, sitting, and laying on the rails).

Ensure that the struck pedestrian can be moved completely to the side of the railway, given that
the locomotive is likely to progress well past the initial collision site [2].

Consider how extra length added by the reduction system effects train operation, especially at
stations located near crossings.

Consider railroad operator and manufacturer liability for injury or death caused by reduction
systems.

Consider safety, economic, and operational impacts of airbags deploying due to collision with
animals or objects on the tracks.

Develop an operation and maintenance plan to address a range of situations, including impact
with animals and other obstacles on the ROW, or failure of the front-end impact reduction
system to properly deploy.

Consider the installation of impact reduction systems on both ends of train, as the locomotive
can operate in both a push and pull mode.
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overall technology performance. Sensors in the bumper provide input to the pedestrian airbag control unit
that determines if the system should be activated. The hood hinges are released and the pedestrian airbag
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height is controlled and limited. Numerous tests of the components and the system are performed in
various situations, including different weather conditions, verified the technical performance and validated
the complete chain of events from detection of a pedestrian leg to the final state of deployment. Using
head impactor tests, the head impact protection capabilities showed overall good performance. Impact
towards the pedestrian airbag reduces the acceleration level as compared to without the airbag. Overall
performance of the complete technology, including head impact timing, airbag coverage and overall
occupant kinematics was verified using a pedestrian prototype crash test dummy and four different

3 Last Reviewed: July 1, 2024


https://www.sciencedirect.com/science/article/pii/S0001457515301767
https://www.sciencedirect.com/science/article/pii/S0001457515301767
https://rosap.ntl.bts.gov/view/dot/31363
https://rosap.ntl.bts.gov/view/dot/31363
https://www-esv.nhtsa.dot.gov/Proceedings/23/isv7/main.htm
https://www-esv.nhtsa.dot.gov/Proceedings/23/isv7/main.htm

Front-end impact reduction system

pedestrian FE human models. The pedestrian airbag technology as being one possible solution to cushion
an impact helps to protect pedestrians in certain situations when struck by the vehicles front end with a
consequent impact to the hood and the area around the windscreen wiper recess and A-pillar.

Additional Resources

Related Measures
e Anti-suicide pits
e Identify funding opportunities
e Incident cost estimation

4 Last Reviewed: July 1, 2024



	Description
	Advantages
	Drawbacks
	Notable Practices
	References
	Additional Resources
	Related Measures

