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This paper presents the results of a comparative studies
cafii€d out to investigate a possibility of replacing a dy-
namic crash test with quasi dynamic one in a case of glass-
epoxy stnrcture. [n a case of gliders, general practice is that
the fuselage issubjected totherequired static load and the
extend ofihe damage in the lontitudinal direction isjudged.
Such procedure is relatively simple and inexpensive and
for these reasons often applied however the relationship
between theamount of energy absorbed indynamic crash
and that absorbed in a quasi dynamic one is not well
known. To obtain necessary information preliminary in-
vestitations with the use ofcoupons and sub-components
werecarried out. The results showed that in the both cases
the failure modes in macro scale were similar, (the same
deformation modes) but in micro scale a pronounced
differenceoccuredwith therespectto the damage modes
and the en€r8y absorption mechanisms. The quasi dy'
namic loadingresulted inthe damagecausedby the local
bending of the laminarcomposite structure- The dynamic
loading resulted in thelocalbending as well butinaddition
it produced the extensive delamination being the main
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mechanism ofenergy absoption. The results of the tests
suSSest that the quasi dyna mic test wil) produce conserva-
tive results with the respect to the amount of the ene€y
absorbed.

The analysis concerned the relationship between the
amounts of enerSy absorbed in dynamic and quasi dy-
namic damage of GFRP structure only. Other aspects of
replacem€nt of a dynamic crash test with quasi dynamic
one were out of the scope of this analysis. The JAR
22.561,(b),(2) requircment stands that a glider structure
mustbe designed to give each occupanta every reasonable
chance of escaping serious injLlry ina crash, ifan ultimate
load ofsix times the weightof $e tlideracting rearwards
and upwards at an angleof45" to the longitudinal axis of
the glider is applied to the most forward part of the
fuselage at the foremost point(s) suitable for the appljca-
tion of such a load. The most common way to show a

compliancewith this requi rement is toapply therequired
static load to the fuselage and judge the extend of the
damaSe zone, FiSure 1.

The procedure isrelatively simpleand inexpensiveand
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Fi8ur. r. Allowed dam,:ge zone.

for these reasoni often applied. One of the unknowns iir
such a procedure is the relationship between the amount of
€ner8y absorbed indynamiccrash and that absorbed ina
quasi dynamic one. To investigate this relationship tests
with the us€ ofcoupons and sub-components ofthe front
part of the fuselage of the PW-5 were carried out. The
coupons and sub-components lveredamaged by static and
dynamicloadingsand modesof failure and anountsof thl-
energy absorbed were compared.
Tests
Coupons and sub-comoonents d!'sien.

TheSeometryofthe tested coupons is shown in Figurc
7. The coupons w€re nlade from the same components as

th€ structure ofthe glider and represenied the reinforced
reSion of the cockpit. Figure 3 shows sub component
representing the most foreivord palt of the fuselage.

FiSure 2. The testpiecc representirg lhe structlu'e of the ren!
forced regions ofthe cockpit.

Its siructure was identical $ith thai of the correspoid-
ht part of the glider.
Test orocedure.

Thecouponsrrerc danraged in a static manner in thre.'
pointbendinS i'ith trvocross heacl specds:1.67 mm/s an.i
10 mm/s. !-or the dynamic t€stirrg the Charpy pcndulunl
was Lrsed. The estimntcd contact vclocity was about 5000

mm/sand the correspond ins jnitial strnin rat!'ivns aboul
|.21/ s.

The sub-components were londcd incompression with
thecrossheadspeed of1.5 mm/s until a sizeofthedamatc

VOLUME XXI, NO. 3

135

Figu.e 3. The test piece rcpresentin8 the front part of the

zone reached 80 mm. The dynamic loadinS wasproduced
by dropping a weight of 8.8 kg, Figure4. 'nre estimated
contact velocity was about 11.3 nl/s.

GUIDING

Fi8u.e 4. DynJmrc trst of the n,b.crmponenl.

Diagram in Figure5. shows the amount of enerty ab-
sorbed vs- €ontact (eloci ty for the coupons for tlrree contact
velocities L67 mm/s,10 mm.sand 5000nlm/s. Theamount
of energy absorbed by each coupor lvas normalised with
the respect to the coupon lateral crcss section.

FiSure 5 shoivs lond vs. displaccment crrves obtained
for sub-components subjected lo the static and dynamic
IoadnrSs. In thecasesof ihesiaticlondingthcamountof thc
absorbcd energv rvns calculatcct from load vs. disPlace-
nent curves. The nmount of ihc energy absorbed in the

drop test r!'as calculatl:d on thc basis of lhe deceleraliorl
ind displacement of the i!ei8hl.

Picturcs in Figurcs 7 and 8 show the modes ofdanage
of the coupons resulthB frorn the static and d)nnmic
loadnr8s rcspectively. I'icture in FiSure9shotlsthednnt
age mode of thesLrb comporrents destroyed by static Io:)d'
nrgand Figurel0shows the s ub conlpo ents destro)'ed br
dynamic loading.
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Figure 7. Danate ci used by sta tic loading. Conta.t vclocity

Discussion
The diagram h Figure 5 indicates that the amount of

enerSy absorbed during lorv velocity loadinS (1.67 mm/s
and l0mm/s) isabouteight iilneslowerthan thatabsorbed
during hiSh velocity loading (5000 mm/s). The coupons
failed understaticloadingdisplay relativelysmall damage
zone, Figure 7. It is localizcd in the close vicinity of the
fracture and is restricted to fibcrs and mairix broken in
tension orcompression.In tlis case tl'Ie main mechanism of
enerSy absorption is ruptureoffibersand matrix, and pull

Figure 8. Da mate caused by dynanic loadinS. Contact veloc,
ity5000mm/s.
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static loadingwas abou t ,{0,2, lower than tharcorrespond-
in8 to the clynamic one. Inspeciion of the dama$d test
piec€' suggests tha t the sta tic loading prod uces bra nched,
throuShoutcracks resulting from localbending. Thedam-
age of the composite shell is restricted to the areas in the
nearest vicinity of the cracks, Figure 9. Under dynamic
loading, cracks are less extensive bui accompanied with
extensive dela mjna tiorls, Figure 10. Probably, thesplitiing
oflayers reduces stiffness ofthe shell and the valu; oftha
normal stresses resul iing from the Iocal bending is not high
enouSh lobreJk tlre fibe15rnd thedelrmin.,tion i he mri
mechanism of the energy absorption.

On thebasis of the above results one can conclude rhar
the absorbed energy increases wi th the deformation ra te in
the observed rnnge ard that the quasi dynamic loading
will produce conservative results with the resped to ihe
enerBy absorption capacity of glass-epoxy laminate struc-
tures. The main mechanism of energy absorption jsdelami-
nation. The results also sugBest that impairment of the
inierface may resul t in higher energy absorprion capacity
of the la m inar structure.Figuie e. Damage caused by static loading. Contact veloc,

ity 1.smm/s.

out of fibers. Contribution of delamination is small. The
damagecaused by the dynamic loading is more complex.
Thepicture in Figure 8 suggesi that the observed extensive
delaminatiorl is the main mechanism of enerBy absorption.
The r€ason for which almostno delamination isproduced
by static loading is not lvell krown and furiher marerial
investigations are needed.

In the case ofthe sub components th€ observed modes
of faiiure in a macro scale are similar. In the both cases
iniiially the shell locally buckled then collapsed inward.
Theamountofthe absorbed energy corresponding io ihe

Figur€ 10. Damage ciused by dynamic loading. Contnci
velocity 11.3mls.
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