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FIELD NOTE - NO. 26

In the belief that rapid exchange of information is of the utmost importance to a solution
of the bird problem, the Associate Committee on Bird Hazards to Aircraft has decided to
release rough field notes as soon as they are produced, rather than to wait until these
data would normally appear in formal reports.

These field notes are produced for information and will not usually receive the editorial
care given to formal reports.

It is hoped that other groups will contribute similar notes on an exchange basis.

116787

1. Introduction

It has been proposed that a test-facility should be set up in Canada to permit
tests on bird-impact on aircraft windshields, radomes, wing samples, engines, etc., to
assess the safety of the parts tested. This note examines several ways of making these
tests, and proposes equipment for the purpose.

2. The Proper Basis for the Experiment

A "bird" is a very variable object, running the gamut from starlings through
seagulls to swans and eagles. It has been assumed in this discussion that the "standard
bird” of the impact tests is to be a 4 Ib. chicken in a just-dead condition. It is further
required that the impact should take place at the highest true airspeed the aircraft can
attain up to 5000 ft. alt. For the purposes of this note this has been taken as 270 mph,
(400 ft/sec) but the possibility of increasing the test-speed has been discussed in all
cases.

The first question to be resolved is whether the bird may be thrown at a
stationary target (e.g. windshield) or whether the target (which may be large and heavy)
must be thrown at a stationary bird. Both systems are in use, although the moving-target
method is much more costly. The argument centers around whether a dead chicken
thrown at 400 ft/sec arrives at the target in the same condition (as far as impact-quality is
concerned) as a normal slow-flying bird. A bird accelerated to 400 ft/sec in a 40 ft. "gun"
is subjected to 2000 g. which may compact it into a more "solid" object than a natural
live bird. Also, to prevent it's break-up it is enclosed in a tough plastic bag, which may
alter its character still further. This bag has sometimes been replaced by a split "sabot",
which encloses the bird in the gun but flies clear after leaving the muzzle. The ballistics
of a bird are not as accurate as might be desired, and to hit the target within 3" of a
marked point is difficult.




It may be argued that bird-ingestion damage to an engine may be simulated in
this way, while windshield impact damage may not. The damage to an engine is of two
kinds. The breakage of debris screens and inlet guide vanes is an impact problem, akin
to the case of the windshield. The ingestion problem proper of the engine rotor and
stator blades to masticate and digest the bird muscle and bone, and is not greatly
dependent on the speed with which the mouthful arrives. It is the present writer's opinion
that debris screen and inlet guide vanes must be tested on an impact basis, with true
relative speed between bird and target. If these parts are not damaged sufficiently to
deform them to the point of causing further damage to rotating parts downstream, then
the rest of an engine may be treated as a "mastication" problem, being tested by
throwing a bird in at a much lower speed. The following discussion does not therefore
apply to engine ingestion tests, which we consider may often be regarded as a simple
static proceeding.

It therefore appears that the first necessity is to decide whether shooting a
justkilled 4 Ib. chicken at a representative stationary target produces the same result as
propelling the same target at the chicken hung on light strings in mid-air

We recommend that this crucial experiment should be carried out, if this has not
already been done.

If the Gun technique does not give a proper simulation, then the target must be
propelled at the suspended bird. Possible ways of doing this are described in the next
section.

3. Evaluation of Various Target-Propulsion Techniques
A. Flight Tests

For complete simulation and simplicity it was suggested that the test windshield
etc. should be mounted above the fuselage of an aircraft, with an "offset" periscopic-
telescopic gunsight objective in the target centre.

The pilot would then sight on the bird, hung from a crane gantry, keep it in the
crosswires until it hit the target. It is considered that an aircraft could not be flown with
the required accuracy to hit within 3" of the target point. This suggestion is therefore
rejected.

B. Guided Vehicle Tests

The above argument makes it obvious that the target must be run on some sort
of rail guides throughout its travel, to ensure impact at the desired point.
B1. Pendulum

It was suggested that the target could be placed on a pendulum, initially vertically
above the pivot and allowed to fall, thus giving a guided path and getting up the required
speed by gravity. However, if gravity alone is used to accelerate the test structure, great
heights are required, e.g. 2500 ft. for 400 ft/sec neglecting air resistance. If rocket assist
is used with a shorter arm, very high g loadings are encountered. The engineering of
such a structure would be impractical.

B2. Mine Shaft

The idea was put forward that the target could be dropped down a vertical mine
shaft, deriving guidance from the existing cage guides, acceleration from gravity, and
deceleration after impacting a suspended bird by the piston action of the target carriage
compressing the air in the bottom of the shaft.

In any available mine shaft, the depth (4000 ft) was not enough to allow gravity to
accelerate the target sufficiently, so rockets were proposed to propel the target
downwards. The compressed air loading on the nose of the target in the decelerating
phase would rise to very large values.




The acceleration of gravity alone would need a 2500 ft shaft merely to reach 400
ft/sec, so the proposal became almost identical with the horizontal rocket track of section
B4D following, as far as propulsion and length were concerned. The deceleration phase
would impose an initial nose loading on a 4 ft. diam. target of 2000 Ibs, rising rapidly to
20,000 Ibs after some 600 ft. of fall, and rising even more rapidly after this.

On the balance, the disadvantages of these excessive loadings, plus the
inconvenience of working on a vertical track in a cramped shaft, make the proposal
unattractive.

B3. Railtrack Schemes

The remaining schemes were of more or less orthodox nature, and involved
propelling a vehicle down a track by some form of power, allowing it to coast while it
struck a suspended bird, and then bringing it to rest. These schemes differed only in
methods of propulsion and breaking.

The track was first considered. As a basis it was laid down that the acceleration
should be of not more than 5 g average (7.5 g peak), and the deceleration should be
similar. Since the use of wheels at 400 ft/sec is extremely difficult and holds little of
development to much higher speeds, it seems reasonable to run the vehicle on
"slippers" (with discardable gunmetal pads) giving a positive location on rails, to prevent
the vehicle lifting or drifting. The slippers could be run dry, or with air lubrication from
bottles in the vehicle, or graphite could be brushed on the rails.

Details of four such tracks are available. (A bibliography of such information on
existing projects has been assembled. It covers work on JATO rockets, rocket sleds,
aircraft catapults, flying bomb launching ramps, bird impact tests, and other related
subjects. However, since most of the material is classified, the bibliography is omitted
from this field note, so that it may circulate freely.)

The usual form of track is an "I" beam of good-class structural steel, mounted on
adjustable blocks bolted to a concrete bed, or to railroad ties on a good bed. The rails
have to be adjusted to about +/- .010" track width, the joints are prestressed, welded,
and ground smooth, and the height is held true to an accuracy of about +/- .002" per foot
run.

N.R.C. B.R. Division suggested that if a track were laid on a compacted sand
bed, it would give no trouble with frost heaving. They noted for example a flat "beach" of
sand several miles long in the Petawawa area, which would minimize the preparation
needed. The total cost of railroad track is of the order of $20,000 per mile, so if the
lesser amount of grading on such a flat beech is set against the added accuracy needed,
a cost of $30,000/mile for track can be used, for argument. The 5 g mean acceleration to
400 ft/sec will occupy 500 ft. followed by a 200 ft test section and a 500 ft deceleration
stretch, resulting in a total of 1200 feet, costing in the order of $7,000/10,000. This could
be extended later if required for higher speeds.

B4. Motive Power for Rail Sled

The initial suggestion was that obsolete jet engines should be used to propel the
sled. However, a jet engine is essentially a long-endurance engine, and weighs roughly
.37 Ibs/Ib of thrust, or maybe .38 Ibs/Ib of thrust with a few minutes' fuel. Since this
weight would have to be carried on the sled, the engine would use most its thrust to
accelerate its own weight. The desired 5 g acceleration would not in fact be obtained. By
comparison, a JATO rocket weighs about .15 Ib/Ib of thrust, with all fusel required, and is
far smaller than an engine. If the sled is to be self-propelled jet-engines are therefore not
suitable.

If it is possible, an outside power unit is very desirable, in order to lighten and
simplify the sled. A description of a sled of comparable size is given by Stapp in
Agardograph No. 6 (Collected papers on Aviation Medium, pages 122-169). From this




and other considerations, we will lay down that the sled is to weigh 1500 Ibs loaded, with
propulsion unit if carried, and target (windshield, etc.). For future reference we will
postulate a sled frontal area of 6 ft2 (4' wide x 1 1/2" high) with a Co of .1, bearing a target
2' x 1 1/2" with tail-fairing, giving a frontal area of 3 ftzand a Co of .2. (Cofigures from
"Fluid Dynamic Drag" by Horner.)

A search was made of methods of accelerating a 1500 Ib object to 400 ft/sec
along a track, with potentiality for reaching twice this speed if need be.

The following methods were thought worthy of investigation. They all originated
as aircraft catapults, or similar devices.
B4A. Rope Catapults
Several rope catapults have been used for aircraft launching. Heinkel and Walter
tried a rope on a pair of pulley sheaves which were forced apart by a hydraulic jack, and
then developed a device where an endless rope passed through a long cylinder, and
was attached to a piston in it, driven by steam. neither device could get over the
excessive wear on the "ropes" used, and they were abandoned.
RAE used a rope device, in which a flywheel was would up to high speed by a
150 HP motor, after which it was engaged by a fluid coupling to a winch, which
accelerated a 15,000 Ib load to about 100 ft/sec. This again was near the limit of such
methods, the critical factor being the stiffness and whip of a sufficiently strong "rope".
B4B Slotted Tube Catapults
The very successful V1 (Flying Bomb) launching ramp was basically a 150 ft long
cylinder, into which steam from decomposing hydrogen peroxide was admitted. A free
piston was thus forced up the cylinder, and a tongue on the piston protruding through a
3/4" slot in the top of the cylinder pulled the V1 along a track on the top of the cylinder. A
seal, (of steel tube) whipped into the slot behind the tongue and sealed the slot behind
the piston. The piston flew out at the end of the cylinder and fell to earth. This fairly
simple system launched the 5000 Ib V1 at 150 ft/sec with a 150 ft stroke, using cylinder
pressures of around 900 psi, in the 12" d. cylinder, involving an average acceleration of
about 16 g.
Work was proceeding on metered injections of the steam from the hydrogen
peroxide decomposition to obtain a more constant acceleration.
Following up this start, which showed promise for our purpose, a cordite-powered
variation was investigated. This appeared more controllable, and could give lower
accelerations over a longer stroke if controlled burning, or over-burning with pressure
regulations by blow-off, or sequenced charge firing were used.
Another development of the original V1 ramp technique is the standard Naval
steam catapult, which launches aircraft from carriers using steam from the ship's boilers
instead of from hydrogen peroxide.
Without quoting classified information, simple arithmetic shows that in a practicalsized
cylinder, the steam pressures and quantities required are beyond the capacity of
readily available civilian steamplants. Also, while the required speed can be attained at a
moderate acceleration by lengthening the slotted cylinder, the problem of sealing the slot
is critical even in present installations.
Any of the above piston-catapults, in fact, involve very large heavy-engineering
installations and major development problems to meet our requirements of high speed
and moderate acceleration. Although possible, they were considered unsuitable for the
present application.
B4C The Water Catapult
An NACA report, TN3201, describing a proposal in which the sled had a single
"Fulton wheel bucket" fixed to its tail, and the water jet from a stationary nozzle was
directed at it. A 6" d. jet with a range of 400 ft. was proposed to accelerate a 100,000 Ib




carriage to 150 mph.

An extension of this device, in which a series of pairs of stationary nozzles

beside the track, over a distance of 500 ft. give a nearly constant 5 g acceleration to our
1500 Ib sled, was calculated in detail. It was shown that a set of 7 pairs of 2" d. nozzles,
each nozzle ejecting about 3-5 ft 3 of water at from 600 to 2360 psi. would accelerate
the sled to 400 ft/sec in 500 ft. at an average 5 g acceleration (varying from 7.5 g max to
3.3 g min), in a 2.5 second run.

Each nozzle would be a self-contained unit consisting of a group of six airbottles,
charged to the required pressure before the run, a simple servovalve, a 5 ft, x 16 in. d.
cylinder holding the required quantity of water, with a free piston between water and
driving air and a 2" d. nozzle closed initially by a rubber bung. The building and stressing
of these parts is well within present liquid-gas industry techniques. The development of
the nozzle units should present very few problems, and the firing sequence could be
initiated by electrical signals from the track opening the solenoid valve in the nozzle
servovalve system.

Curves of performance, including the effects of aerodynamic drag and rail

friction, are shown in Fig. 1 and a sketch of the arrangement is given in Fig. 2.

The cost of the water jet units has been very roughly estimated, and appears to

be about $2,000 per unit. The 14 units required plus an air compressor capable of 2500
psi. is estimated at around $30, 000, for the propulsion system. This system has the
great advantages of being very flexible, allowing close control over the sled velocity
program, costing little for "fuel" (electricity for the compressor and water for the jets) and
being practically silent.

B4D Aircraft JATO Rockets

The remaining propulsion scheme investigated was the use of JATO rockets

mounted on the sled. Such rockets are a standard production item, are about 150 Ibs
weight (falling to 70 Ibs all burnt), and produce a constant 1000 Ibs thrust for 15 secs. If
we assume a sled carrying two of these rockets, at a quoted price of $284 each (i.e.
$568 per run) then this will give an acceleration of 1.66 g and need 1860 ft of track to
reach the required 400 ft/sec., at a track cost of about $18,000 for 2500 ft of track total.
A four rocket sled, at about $1,100 per run, would need about a total 1500 ft

track, costing approx. $13,000. The two-rocket sled would therefore be a cheaper
proposition after 9 runs, and a longer track (half a mile total) would be available in case
higher speeds were subsequently desired.

In the 2-rocket case, the acceleration will occupy 9.3 secs. so the sled should be
restricted by an explosive bolt for 5.7 secs. to leave the required 9.3 secs of burning time
to accelerate the sled.

In the 4-rocket case, the would be held back for about 10 secs out of the 15 secs

total burning time. This appears wasteful at first glance, but saving and convenience of
using standard production rockets cannot be ignored.

The weight of the rockets is probably not greatly in excess of that of the massive
stainless-steel "buckets" on the sled in the water catapult scheme, and no external
equipment is needed with rockets. Rockets do make a noise, but whether say 20 firings
of 15 secs each a year would offend neighbours is a matter of some doubt. Even this
could be avoided if the Petawawa sandy beach location were considered. The rocket
drive is recommended above any other system investigated.

B5 Decelerating the Rail Sled

Various methods have been used for stopping these sleds. retro rockets are

sometimes used, but these cannot, unlike the main in scheme B4D, be "spoiled" for part
of their burning time. There are also stories of embarrassing situations when the sled's
main rockets did not fire, but the retro-rockets did!



A number of tracks arrest their sleds by fixing a long strip of armour-plate

beneath the sled, and allowing this to wedge between spring-loaded brake-shoes fitted
between the tracks. The number and spring-setting of the shoes used can program the
deceleration. The most appealing method for the present application appears to be the
use of concrete water-troughs beside the track. Scoops, like turbine nozzles, are dipped
into the water, either by sloping the track down or by jacks on the sled, and their drag
stops the sled.

The nozzle picks up water and throws it ahead of the sled at twice sled speed

relative to the ground, so by analogy with the water catapult design it would be simple to
decelerate a 400 ft/sec 1500 Ib sled completely in 500 ft. provided the sled was stressed
for 5 g. The two buckets would need to be only 4" x 3", by analogy with the water
nozzles of the catapult scheme.

It would be mechanically simpler to slope the track down to dip fixed buckets into

the troughs, but this arrangement is not flexible for different length and speed runs, so
the hydraulic jack by a rail contact seems preferable. with the buckets held on a
swinging link.

C. Instrumentation

It is most strongly recommended that any instrumentation on the sled should

record on tape-recorders on the sled. Telemetering would increase the installation costs
greatly. The tapes should be brought back to existing analysers at NRC or NAE for
reading.

It would probably be best to track the sled with contacts on the rails, recording on

the sled's tape recorder.

From the nature of these experiments, the nearer the track is to NRC or NAE, the
cheaper and simpler each run becomes, as the on-site provisioning becomes less.

4. Conclusions

The provision of a test-facility for evaluating bird strikes on portions of aircraft has
been considered. The following conclusions have been reached by the writers.

4,1 From basic considerations it is thought that the target should properly be

propelled into a stationary bird, rather than vice versa. However, both methods are in
use, and the stationary target method is much simpler and cheaper. A definite
comparison should therefore be made on other facilities, before deciding which method
is to be adopted here.

It seems that the moving-bird technique is probably applicable to engineingestion
tests.

4.2 If the "bird" may be propelled at the target. an air gun apperas suitable.

4.3 If the target may be propelled at the bird, it is shown that a "railway-track" of high
quality must be built to guide the vehicle, which should be a sled. A half-mile track
should be adequate for the 400 ft/sec impact assumed (270 mph), and would cost
somewhere in the region of $15000/$20000. It should be built on a sand bed, of which
several exist within reach of NRC.

4.4 The sled should be propelled by pairs of aircraft JATO rockets, as used by the
RCAF, at a cost of $568 per run for propellant.

The second choice for propulsion is a water-jet catapult, whose running-cost

would be very small, but which would probably cost at least $30,000 for components
with maybe a further $5,000 or more to develop.

Any other form of propulsion is considered to be far more costly.

4.5 The sled should be decelerated by buckets extending down into water troughs
alongside the track over the last 500 ft.

A manually fired drag parachute could be fitted to the sled as an emergency

brake.



4.6 All instrumentation mounted on the sled should record on tape on the sled, to
avoid expensive telemetering.

4.7 The track should be as near NRC or NAE as possible to avoid installing analysis
facilities, or more than the simplest workshop plant, at the site.

4.8 The samples to be mounted on the sled should be as small as possible. At $600
per run, several runs with small unit targets would be cheaper than one run with a very
large sled.

If a few confirmatory runs with very large targets os at very high speeds, are required,
these should be contracted out to UK or US facilities
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