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ABSTRACT

The problems of providing safety during transportation of hazardous cargoes containing radioactive,
explosve and smilar maerids ae in the center of atention when aranging trangportation of such
cagoes by dl types of trangport. The specid place during solution of this problem is taken by
researches of behavior of such cargoesin the environments of trangport accidents.

Authors of the paper give description of the numerica-experimenta method for determination of cargo
response to collison of arplane agang a teke-off and landing runway (TOLR) a emergency landing
basng on results of experiments peformed by the method of reversed impact a gasdynamicad shock
test bench.

Resllts of andyds of the informaion obtained in expeiments with smplified modds of AN-26
arplane fusdage fragment (scdes 1.5, 1:10) with cargo modds fastened in them are presented. For the
andyss, the package of applied codes DRAKON-3D/S[1] was used.

The informetion obtained in rather smple and chegp experiments can be used for improvement of
safety of artrangportations that is espedidly important for cargoes containing risky and hazardous
substances.

INTRODUCTION

Availability of the rdiable information about behavior of a trangport arplane and transported cargoes
in abnormd gtudtions, for example a emergency landing, dlows correctly to choose meesures to
protect cargo and to provide safety of its transportation with account for accidental effects. The direct
expaiments with various variants of emergency landing of an arplane ae vey complicaed and
expendve. Probably, firs full-scale experiments on sudy of accidents at teke-off and landing were
peformed by NASA in 1956 [2]. During experiment, the arplane was led through radio and moved
dong TOLR by guidings with the hdp of its engine Its veocity was damped & cdllison agang
obgtacles smulaing an accident. The arplane flew above a cavity in TOLR and hit by its nose agangt
oblique surface of a bulk hill. The experiments have shown tha the emergency landing & smdl angles
of collison of an arplane and ground with its subsequent diding results in moderaie dameges, and
overload caused in fusdlage are not too greet.

In 1984 for the firg time in research ar practice in USA a full-scade experiment was performed with an
emegency landing of remotdy controlled arplane Boeng-7202 [3]. At this experiment, the landing
weight of the arplane was 87 t, horizontd velocity was ~76 m/s. The fusdage hit ground by its
forward pat with the dope angle for dive of 2.5 at veticd veocity of reduction of the arplane
weights center of masses of 3.66 m/s (the chasss was removed). To the moment of sop moving on
ground the arplane moved for 415 m (with average longitudind accdleration of ~14 m/s). The results
of the andyss of pesk accderaions of the arplane floor in this experiment have shown tha the



veticd overloads dong fusdage length vary rather Sgnificantly: from 15 near to the arplane nose, up
to 253 — a digance of 2527 m from the nose cowl. The pesk vaues of horizontd overloads dong
fusdage length (excluding its nose destroyed part) were actudly kept congtant in limits 22.5.

At the dage of reveding of the basic regularities of behavior of the plane and cargo a emergency
landing, it is nore preferable to obtain the required information in chegper experiments with smplified
and reduced modds and fragments of arplane. The experiments, where the behavior of tested object
(TO) is dudied & collison agang an obdacle are usudly peformed ather by the method of direct
impact or the method of reversed impact. In the first case, the TO is accderated up to required velocity
and is impacted by specified way agang a dationary barier, in the second - TO s fixed unmovéeble,
and up barier or its fragment is accderated up to required velocity and is impacted againg TO by
specified way. The experiments with direct impact are more complicaed and less informaive than
with reversed impact, snce it is much more difficult to get information from gauges st a a movable
object than to make this procedure with dationary object. For these reasons, when developing Work
Fan for ISTC Project 1990 “Study of Airframe and Cargo Mechanica Response a Accident Impact
of Trangport Airplane to Take-off and Landing Runway (experiments with fragments of the arplane)”
(the Project efforts were initited by Sandia Nationd Laboratories, USA, the collaborator is Dr.
Richad E. Smith), it was decided to peform expeiments by the method of reversed impact a
gasdynamic test bench. As a prototype of the test object, the trangport arplane AN-26 was chosen.
Besde of expeimentad researches in these efforts we peformed cdculaion researches of TO
response to impact agang a teke-off and landing runway (TOLR) with the help of the package of
goplied codes DRAKON-3D/S developed in VNIIEF. Some results obtained under the framework of
ISTC Project 1990 are presented in this paper.

EXPERIMENTAL SET-UP

As tested objects we used smplified and reduced (scdes 1:10 and 1:5) modds of a fragment of the
cago compatment of fusdage of trangport arplane AN-26 with a weght modd of cargo fagtened in
it. Fgure 1 shows schemdicdly TO (scde 1:10) in section. TO is a thin-wdled (thickness of a wdl is
1mm) cylinder made of duminum aloy D16 (dendty — 2.8 g/en?, Young' s modulus — 72 Gpa, yidd
grength — 300 Mpa)supported from within by five ribs, which are smulators of frames. It contains dso
a dmulator of floor as an duminum plae having thickness of 1mm atached to the cylinder by screws
and supported from the dde of the TO bottom by duminum patitions based on the frames The
dmulaor of floor is screwed to the weight modd of trangported cargo, which is a rectangular sted
plate with weight of 1kg (the weight of the typical cargo is accepted as 1 t). The basc szes of TO are
spedified in fig. L.



Fgure 1, The Scheme of TO (Scde 1:.10)

O (scde 1.5) differed from the previous that a little in design, and its housng was made of auminum
dloy AMg6, which has indgnificatly didinguishes from dloy D16 in drength charecterigics The
basc difference of TO of various scdes in desgn was that the larger object has weight modd of cargo
fastened not to floor, but with one end of dynamometer plate, the other end was fastened by screws to
the floor. Beddes the cago modd in this case was podtioned in the frames fastened to the floor
dlowing cago to move dong the TO axis but preventing cago to leave floor in the perpendicular
direction. The weight of cargo modd was equd 8 kg. TO with scde 1.5 in section is schematicdly
showninfig. 2.

In the experiments the response of modd of fragment of the cago compartment of the transport
arplane AN-26 fusdage and weight modd of cargo fastened in it for collison with TOLR modd was
determined. The collison conditions (characteristics of accidental landing), Specified by collaborator
were the following: landing velocity 100mvs, the velocity vector is directed a angle of 30' to TOLR,
airplane tangage of 0, the chassis are not released, landing to a concrete strip.

The experiments were caried out a gasdynamics sands of the gun type with accderating
compartments of diameter of 357 mm (“smdl” sand) and diameter of 792 mm

Teds of TO of scde 1:10 were caried out with modds smpler then TO of scde 1.5 and in more
amplified statement. The experiments were carried out using the “smdl” gand. In these experiments a

modd of TOLR fragment as a piece of a ded pipe (the diameter of 219 mm, length of 534 mm) with



ded caps welded to its end faces (disks with thickness 20 of mm, diameter of 356 mm) was
accderated a gasdynamic stand up to veocity of 50m/s and impacted agang TO placed a its
trgectory. The TOLR smulator weight was equd 43 kg. The velocity vector was directed

Figure 2, The Scheme of TO (Scde 1.5) Figure3, The Scheme of Experimenta Setup

perpendiculaly to longitudind axis of TO, its vdue was equd to vadue of verticd component of the
secdified landing velocity of the plane. The experiments with modd 1:10 were caried out with the
purpose of adaptation of DRAKON-3D/S technique for the caculated description of response of the
modetsmulator of arplane fusdage fragment and cargo mod fastened in it to collison agang a
barier. Besdes, in these experiments the technology of redization of tests a the gasdynamic stand
wasfulfilled.

The experiments with modds of fusdage fragment 1.5 were caried out a the “large’ stand. In these
experiments, the emergency landing with given conditions of collison agang TOLR was sSmulated.
The peformance of given conditions of collison was reached due to use of the specid impactor-
gmulator of TOLR fragment. It was made of a piece of a sed pipe (diameter of 738 mm, length of
1200 mm) with caps welded to end faces (the caps were disks with diameter of 787 mm, thickness of 8
mm). On the one hand pipe with a pat of cap was cut a angle 30 to the axis in such a manner that
there was a segment of cgp of height 10cm left, the pipe cavity up to an edge was blocked by scraps of
boards, then on a plane of an edge the concreting by a layer of about 4mm was made. The concreted
aurface caefully was levded. Weight of impactors used in expeiment with modd 1.5 was in limits
370-390 kg.

Before experiment, the TO was placed a specid wooden support on the way of motion of TOLR
fragment modd motion a distance of about 2 m from bard edge of accekrating compartment of the
gasdynamic dtand. To obtain the required parameters of collison in experiment, the TO was placed 0
that angle between TO axis and axis of the accderating compartment of the stand was equa 0. Then
generarix of the cylinder was pardld to the plane of oblique section of TOLR fragment model
(tangage 0), and the angle between TO axis and the direction of TOLR fragment modd velocity
vector was equal  30. The bottom end of TO was located 23 cm higher than the bottom point of the
plane of oblique section of TOLR fragment modd, that dlowed & TOTOLR collison and subssquent
diding of TO on TOLR to take the mogt of length of the plane of oblique section of TOLR fragment
modd The experimentd setup is schematically depicted in figure 3.



To detemine TO regponse to collison with TOLR in expeiment with TO 110 with the hdp of
eectrocontact gauges, the cross displacement of the weight modd of cargo and TO bottom was
meesured during collison, and with the hdp of piezoaccderometers - accderation of cargo modd in
the direction of impact. In expaiments with modds 1.5, the above-mentioned measurements were
added with messurements made by foil tensoresdive gauges of dynamometer drain, and the cargo
accderdtion was measured in two directions: dong the longitudind axis of TO and perpendicular to
the floor plane.

EXPERIMENTAL RESULTS

In test with TO 1:10 the TOLR fragment modd was accderated a “smdl” gasdynamic stand up to
veodty 50 m/s and impacted agang modd of fusdage fragment perpendiculaly to its longituding
axis, thus with the hdp of the dectrocontact gauge we measured the mutud displacement of the TO
bottom and weight modd of cargo atached to the floor a collison. By piezoaccderometers mounted
a cago modd, we measured cargo acceleration in the direction of impact. The experimenta results as
the diagrams “displacement-time’ and “accderation-time’ are given in the diagrams 1 and 2. At TO
observation after test, it was reveded that & impact it had large plagtic drains, therefore the TO bottom
adioined to the floor, and the upper pat of the fusdage modd was 0 bent that the cross section of the
modd took the form similar to numerd 8 put on aside.
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to Surface of Impactor cut (Smal Modd).

With TO 1.5 three experiments a “large’ gasdynamic stand were carried out. In the experiments, the
emergency landing was smulated, when the velocity vector is directed a angle 30 to TOLR surface,
arplane tangage is equa 0. The veodity of cdllison of TO with TOLR fragment madel was 96 mis,
85 m/s and 97 nVs in consecutive experiments. In the fird two experiments there was floor separation
from fusdage (the screws of fagtening were cut off). In the third experiment, the fastening was
drengthened and resisted impact. In the tets we measured mutua displacement of TO bottom and
cago modd, the drain of dynamometer in the direction of longitudind axis of TO,, which wes usd to
control effort effecting on cargo modd during collison of TO and TOLR and the subsequent diding of
TO on TOLR, TO accdedion in the direction of its longitudind axis and in the direction
perpendicular to TOLR surface. The pat of results obtained in the third experiment is presented in



diagrams 3, 4 and 5 as dependencies “dynamometer drain - timg’, “cargo displacement regarding TO
bottom - time’ and “cargo accderation in the direction of longitudind axis of TO - time’. Observation
of TO dter expeiment showed that its drain in this experiment in character was smilar to grain of
TO 110, but there were dso Sgnificat didinctions associsted with various charecter of loading
(perpendicularly to  longitudind axis in the fird case and a angle 30 to the longitudind axis in the
second case). In paticular, the strain from the sde of impactor gpproach was dgnificantly higher than

from the oppodte dde It is associated with activity of inertid forces during the TOTOLR cdllison
and further decdleration action at its diding on concrete surface of TOLR.

With the hdp of VNIIEF package of the gpplied codes (PAC) DRAKON-3D/S intended to solve in
threedimensond daement the problems of nondationary deformation of condructions condgting of
branching shdl dements and undeformable solid bodies. At contect interection of shdl dements

among themsdves and with solid bodies, the cdculaion description of TO response to collison with
TOLR modd was made. The caculations were performed with account for friction a contact of the
surface of the condruction (aluminum) againgt the surface of impactor cut (concrete). The friction
coefficient was assumed as 0.3 [4]. The cdculaed scheme of TO congruction 1:10 is given in figure 1
, cdculaed scheme of TO condruction 1.5 in figure 4 Some results of cdculations for illudration are
givenin the diagrams 15 together with experimentd results.
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Comparison of experimenta results with data of cdculation for TO 1:10 in vaue of change of
distance between points A and B and accdeation in point C (see figure 1) is given in diagrams 1 and
2. In the diagrams, one can see that the results of cdculation are in good agreement with experimenta
data The dgnificant disagreement between the cdculaied vdue and the pesk vadue measured in
experiment is, probably, caused by an eror made in specification of messured interva of acceerations
in the experiment. This resulted in loss of information a vaue of accderation exceeding 50000 m/s™
Neverthdess, in the diagran 2, one can e good agreement in character of change of cargo
accderationintime.

FHgure 4, The Cdculated Scheme of TO (Scde 1.5)



Thus, the comparison of cdculated and experimenta results dlows to spesk about possibility of rether
correct modding of the process of collison of consdered condruction with undeformed mass in the
variant, when the condruction is loaded perpendicularly to the longituding axis.

The comparison of experimenta results with data of cdculation for TO 15 is given in diagrams 3, 4
and 5 Time dependencies of cago diglacement dong the normd line to the collison surface
(distance between points A and B, see figure 4) obtaned by caculation and recorded in three
experiments are presented in diagram 3. The character of change of dynamometer drain recorded in
the third experiment is dose to that obtained in cdculation in point C, the figure 4 that one can see in
diagram 4. Probably, by variaion of friction coefficient vadue one can achieve better agreement
between cdculaion results and experimenta data It is possble to note dso the satidfactory

conformity of the cargo accderdtion dong the normd line to the impactor surface measured in the
third experiment and thet obtained by cdculation. It can be seen in diagram 5.

SUMMARY

Reaults of experimentd and caculation ressarch of response of scde modds of trangport arplane
fusdage fragment with cargo modd fastened in it to emergency impact agang TOLR modd dlow to
ek that experiments by the method of reversed impact enables to determine in rather smple
experiments the response of these modds to effect of loading smulaing an emergency impact against
TOLR. 1t is dill ealy to spesk about posshbility of tranderence of results of such researches to full -
scde condructions, but it is possble with confidence to spesk about posshility of determinaion in
such researches the compardive efficiency of these or those condructive solutions amed to improve
resstance of arplane condruction, and, especidly, trangported cargo to effect of emergency loading.
The tegting technique requires further perfection. To reduce influence of the scde factor on TO
behavior, it is necessary to increase scale of researched models.

The authors express sncere gratitude to Dr. Richad E. Smith, who is collaborator of ISTC Project
1990, within the framework of which the presented researches were made, for condant atention to
our efforts and assistance.
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