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Abstract
This paper describes the development and verification of a moose-dummy for testing the
crash worthiness of cars in moose-car accidents.
The dummy is based on and verified against the results of a staged collision in which a
passenger car impacts a moose cadaver. The cadaver test is also described in the report.
Moose-car accidents contribute to about 2 percent of the death casualities in the Nordic road
traffic and the type is even more represented among slighter injuries. Since several attempts
to reduce the frequency of moose-car accidents have provad to have minor effect improve
ments of the crash worthiness of passenger cars in this kind of impact might be desirable.

lntroductlon
The Scandinavian moose, sometimes also called elk, is a huge member of the deer family. A ·
newborn moose weighs about 1 0 kg and a full grown male might, in rare cases, weigh up to
1000 kg but with an average of between 300 and 400 kg.
In other words this wild animal is almost as heavy as a horse and of similar size but has
longer and slimmar legs. This means that when an ordinary passenger car impacts a moose,
only a negligibla part of the animal's mass will be struck by the strong, frontal part of the
car. Mest of the animal's mass instead will be impacted by the windshield and roof con
struction. Car-moose collisions occur in the country side, on roads with speed limits in the
range of 70-11 0 km/h. Requirements on unobstructed field of view and modern styling
trends have made many cars inadequate to withstand such an impact.
The animals are well hidden in the vegetation and do often enter the road very swiftly and
_ without warning. Cautiousness and driving experience thus offer poor protection against this
type of accident. Passenger car-moose collisions contribute to about 2% of the death
casualties in the Nordic road traffic [1], [2].
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Flgure 7: Residual deformations af the car in a horizontal (over) and frontal (below) plane.
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Dlscusslon

cadayer test

Statistics show that moose in the first months of their second year of life are in majority
amongst the animals involved in car-moose accidents. In this age they usually have a body
mass in the range of 180-280 kg. We therefore decided to use a cadaver in this weight range.
The cadaver used was a starved four year old male weighing 260 kg. A normal weight for this
animal would have been about 350 kg.
The cadaver was dissected immediately after the test. The strength of the rib banes was then
testad and found considerably higher than of ribs of a one year old animal. The evidently
flexible and ductile behaviour of the body, shown in the high speed films, indicated that the
moose body was loading the roof construction with a pressure that was rather evenly
distributed over the contact surfaces. The final deformations of the car gave the same
indications. It was believed that the sceleton plays a minor role in this kind of impact.
The center of mass of the cadaver used in this test is about 100 mm higher than what is
typical for a one year old animal. It was however concluded that the cadaver was an acceptabla
model for a one year old moose.
Due to rotation of the moose, the spine "rested" against the upper windscreen frame during
the crash. It is difficult to tell whether the spine in another configuration would behave as a
load carrying structure or not, which would give implications to the dummy development.
The speed of impact was chosen in the range of 70-110 km/h since this is the interval where
the injurious accidents appear. 80 km/h was considered a reasonably tough speed which was
expected to give moderate deformations and thereby to enable meaningful force measurements.
Accidental data show that impacts where the center of mass of the animal coincides with the
mid plane of the car are the mast serious [2). That is why this configuration was chosen in the
two tests.
The Volvo 244 was chosen as test car since it was the mast common car in the Scandinavian
countries at that time. A large reference material was available in Volvo Car Corporation's
accidental data, with a great number of well documented moose-car collisions.
In the Volvo accident files the severity is noted by the the Vehicle Deformation Index (VDl)
scale (SAE J 224 B, Collision Deformation Classification).
The car in the cadaver test got a VDI of 60, which places the crash among the severe in the
mast frequent group (VDI 55-60) in Volvo's accidental data for this kind of impact. This
accords quite well to previous discussions. The mast severe accidents with moose have a VDI in
the region 75-80. Accidents with VDl>80 are very rare. Volvo experts found the deformations
very characteristic for this type of accident [1 ].
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The moose was equipped with three pairs of accelerometers (Kyowa AS200A). That is three
devices on the hit side and three at the reciprocal spets on the other side. The accelerometers
were meant to give baseline data for estimating the compression of the moose body. However
the rotation of the outer parts of the moose took the sensors out of direction at an early stage
why the available information is of minor relevance.

Qummy development

The cadaver test indicated that the moose could be described mainly as a water-filled sack in
this kind af impact. Thus, a strong, saft and none-elastic container with a viscous content of a
density close to 1000 kg/m3 was expected ta be an appropriate dummy solution. Roughly, the
container should have the shape af a moose body.
As mentioned the crash-configuration with the center af gravity of the moose hitting the car's
mid plane is considered the worst one. The moose itself is rather asymmetric in all dimensons
around it's center of gravity, but to increase repeatability and to simplify moose-dummy
construction the dummy was made symmetric around it's transversal plane through the cen
tre af gravity.
In all dimensions the mass distribution was arranged to simulate the configuration of the
cadaver (from centre af gravity to head end in the asymmetric case) in the critical part af the
collision, 80-160 ms after first contact when the head and the hind legs are moving at the
sides af the car in a horizontal plane
Ta accomplish this we used hoses af different lengths (fig. 3).
The hoses were only filled ta halt their maximum volume in order not ta hinder the bending.
Since the sheets in the material matrix are made af a knitted fabric and thus are tensile, the
matrix must have a pre-tension in the vertical direction. Pre-tension decreases the defor
mation af the matrix when the dummy is hung up. The cross sectional area af each pocket in
the matrix will increase and the length af the matrix decrease due to gravity when the dummy
is hung up. Each pocket was given a perimeter af 320 mm in the empty unloaded matrix and
had a perimeter of 390 mm when the dummy had been put together and hung up. The length of
each pocket in the empty matrix must be 150% of the hose length in order to get the same
length as the hose when the dummy is hung up.

Dummy test

This test showed good agreement with the cadaver test. Both the signals from the accele
rometers and the deformation af the car showed such good agreement that we considered the
dummy ta be a valuable and inexpensive test tool for this kind of impact. The dummy test was
a more severe impact ta the car due to the fact that the mass af the dummy was equal to the
mass of the cadaver with forelegs. The mass of the forelegs af the cadaver was accelerated by
the car front before the body impacted the windscreen area and did not contribute to the wind-
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screen impact but did reduce the car speed prior to windscreen impact. The speed at wind
screen impact was set 3 km/h lower in the dummy test, to give the same impact speed at the

windsoreen area in both tests. The mass to be accelerated by the windscreen-roof construction
was however still higher in the dummy case. In this respect the 260 kg-dummy was
reciprocal to a 31o kg-moose. The contact with the forelegs in the cadaver test pulled the
cadaver slightly downwards. Thus the lower edge of the windscreen frame and the top of the
dashboard took a greater part of the impact energy in the cadaver test. This also adds to the
fact that the dummy impact was more severe to the roof construction.
The car in the dummy test got a VDI of 75, which places it among the moderate in the most
severe group.
Acceleration measurements were left out in the dummy test since the design of the dummy did
not allow the same method for mounting the accelerometers and since no reference
information from the cadaver test was available.

General consjderatjons

The injury-inducing mechanisms in moose-car impacts can be divided into two major groups.

1) Direct contact between passenger's head and moose body. Prior to this study the generally
accepted theory was that contact occurred between the head and the upper windscreen frame
due to the fact that the frame is pushed backwards during the crash. This study however shows
that the moose body is much deeper inside the compartment than the frame through all the
critical part of the crash. The occupants head will thus hit the moose body rather than the car
structure. A deeper analysis of Volvo's accidental data tends to confirm this conclusion. The
medical reports on head injured passengers in all cases show diffuse, blunt trauma.
The deformed windscreen frame is however a great risk factor in the so called secondary im
pacts. That is when the car after impacting the moose collides with something else, e.g. a trea
or another car. Secondary impact occurs in approximately 20 % of the moose-car accidents.
Volvo's accidental data also showed that the use of seat belt significantly decreases the risk for
severe injuries in this kind of impact. All accidents in all Volvo modets where injuries were

reported over a period of five years were studied. We found 396 injured passengers, all from
the front seat. Of these, 372 had used their seat belt. In this group we found one killed (AIS 6)
and two critically injured (AIS 5). In the left 24 cases where the seat belt was not used or the
usage was hard to determine, four fatally and two critically injured were found.
Even with restrictions and reservations to this brief study it is likely that significant
differences will remain.
2) Glass pieces from the windscreen give face and arms injuries [1], [2]. This is a very
common injury mechanism in moose-car collisions but the injuries are in general moderate.

Severe cases can occur e.g. when glass lacerates the eyes, but these are very rare.
Reduction of the amount of glass pieces emerging from the windscreen would reduce the
number of injuries of this kind.
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