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BNITUPEKIIMOHAJIHM KOMITO3UWUTH BP3 BA3A
HA TTOJIMETUIIEHCKHW BJTAKHA CO YIITPA
BMCOKA MOJIEKYJICKA MACA

INFLUENCE OF MOLDING PRESSURE ON BLUNT
TRAUMA EFFECT AND BALLISTIC PROPERTIES OF
UNIDIRECTIONAL AND BIDIRECTIONAL COMPOSITES
BASED ON ULTRA HIGH MOLECULAR WEIGHT
POLYETHYLENE FIBERS

IO.Oumecku', J[I.Cnacecka’, P.Cmumnecku’, B.Cpebpenkocka'

AncTpakT: Bo  TpynoB ce mpeseHTHpaHu pe3yAaTaTHTE Of
ICIHTYBAETO HA BIMJAHHETO Ha IPUTHCOKOT Ha IIPECOBake BpP3
TDaVMaTONMONIKHOT e(heRT U OalUCTHYKUTE KapaKTePUCTUKH Kaj
SHIHPEKINOHAIHE ¥ OMIMPEKUMOHANHI KOMIO3UTH Bp3 Gasza Ha
TOTMETUIIEHCKH  BJIAKHA €O yATpa BHCOKA MOJIEKYJICKA Maca.
‘IpecoBamEeTO HA KOMIIO3HTHTE € U3BPIIEHO Npu nputucoiy og 20,
= 11 100 bar Kaj aBa THMOBHM Ha YHUOMPEKIMOHANHH KOMIIO3UTH U
=1¢H THI Ha OMAMpPEKIMOHANIEH KOMIIO3HT U MepeHa e JiabuHaTa u
TOBPILIMHATA Ha TPAayMaTONOWKUOT e)eKT KaKo W HUBOTO Ha
“ATHCTHYKATA 3AIITHTA. Y CTAaHOBEHO € JleKa CO 3rOJIEMYBAambeTO Ha
TDHTHCOKOT — Cce  HAaMalyBa TpayMaTONOMIKHOT  edekKT  Kaj
VHHIUPCKIHUOHATHATE MaTepujani H  obpaTHO. MepemeTo Ha
JZTHCTHYKATA LBPCTHMHA Vi) MOKaXKa JleKa OUAMPEKITHOHATHHOT
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KOMIO3UT IMOKaxyBa 3a oOKomy 25% TOHUCKHM GamucTHIKy
KapaKTEpPHUCTHKH BO crmopefda cO YHUOUPEKIHOHAIHHTE M 3HATHO
MOM3paseHa TEHJIeHUM|a 3a Jle/laMUHAIMja [pH IOBEKEKPATHH
Oamuctuyakyn ygapu. Kaj Hup He e 3abenexkena 3aKOHOMEpHa
NpPOMEHa Ha OalnCTHYKaTa NBPCTUHA CO IPOMEHTA HA TPUTHCOKOT
Ha [IPECOBambLe.

Abstract: The influence of molding pressure on blunt traume effect and
ballistic strength of unidirectional and bidirectional composites based on
UHMWPE  (Ultra Hight Molecular Weight Polyethylene) fibers is
investigated. Two types of unidirectional and one type of bidirectional
composites molded at 20, 60 and 100 bar were tested on their ballistic
strength and their blunt traume depth and area were measured. It was
found out that by increasing the molding pressure the blunt trauma effect
was decreased by unidirectional composites and vice versa. The
measurement of ballistic strengtht has shown that the bidirectional
composites show about 25% lower ballistic strength with much more
pronounced delamaniatin tendency by multiple strikes, than the
unidirectional composites. Bidirectional composites did not show any
tendentious change in ballistic strength with the molding pressure change.

Teopuja

Enen on ocHOBHUTE u HajBakHHTE KPHTEPU]yMH IPH H360pOoT Ha
MepcoHannara OalMCTHYKH 3amITHTHa ompema (B30), IOKpaj
MacaTa M leHaTa ceKaKo ce OamMcTHUKUTe mepdopmancH. [lojp
Gamuctuiakn nepdopmancn ce noppaséupa GanucTuukara LBPCTHHA
OHNHOCHO CMOCOOHOCTA 3a 3amHpame Ha OaTMCTHYKHOT ygap #
TPayMaTOJIOWIKNOT  edeKT. TpaymaTonomikn edexT &
nedopmanujaTa mrro ja tpiu B30 wa 3agHaTa CTPaHa Of] HACIIPOTHB
OaMMCTHYKMOT yjiap Kora 3pHOTO e 3aJpKAaHO RO omnpemara.
HejsuuuoT uHTEH3MTET CE MepH co noBplINHaTa (@, Ha cimuka 01) u
co anabunata ( b na ciuka 01) Ha gecbopmanmjara.

Cnuka 01. Tpaymatonomka MOBPIIMHA U 1aTOWHAa
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Camara GanHCTHYKa [BPCTHHA, KaKO MOJATOK HE € JOBOJHA 3a Jia
ce MPOIEHM 3aIITHTHATAa COOCOOHOCT clpeMa fajleHa 6anucTUuKa
omacHocT (ylap Ha 3pHO CO OfipejieHa Maca i Op31Ha) aKo He ce 3Hae
MHTEH3UTETOT Ha TPAyMaTONOLIKUOT e(PEKT MITO TO NPEJU3BUKYBA
pp3 B30. 3aroa Bo crnenudpurammjata Ha B30 nokpaj apyrute
[IOJATOIM KAKO MITO ce MacaTa , DaTUCTHYKaTa UBPCTHHA U IPYro,
tpeba fa ce fage M IOJaTOK 3a TPayMaTOJNOIIKHOT €(eKT
BeymmBocT 0BOj MOIaTOK BeKe ¢ M IPONHILAH BO CTaHJAPOUTE 3a
b30.

Enen on HajMHOTY eKCIIIOaTUPAHUTE CTaHIapAH BO CBETOT 3a B30,
a M BO HAIIMTe MUHKHCTEPCTBA 34 OffbpaHa W BHATPELIHM PabOTH, €
AMEPUKAHCKHOT Tonuiucku crangapp NIJ 0101.03 (xoj Bo 2000
rogMHa € 3aMeHET CO ONIITHOT CTaHjapj NepcoHaliHa OalucTHYKa
samrut NIJ 0101.04). Bo oBOj cTaHgap/, MakCUMAJIHO TO3BOJIEHTA
q7abUHATA HA  TPAYMAaTOJNOMIKMOT edeKT, 3a CHTe  LIecT
crienuunupany 3amrutHd HuBoa e 44 mm (1.73 in . Ce cMeTa ieka
pakBaTa Jedopmaiyja He MOXKe [a IpeU3BUKa CEPUO3HH MIOBPENH.

30IITO € TPayMaTOJIOWIKHOT €(PEKT BaxKeH?
TpayMaTononiknot egekT ¢ BaKeH Of] acHeKT Ha 3alllTHTaTa Ha
nocurenor B30. Haume ompemata Kora € BO (QYHKOHja €
IPUCIOHETA BP3 TEIOTO HA HOCHTENIOT Taka fa AedopmainujaTa Ha
3aiHaTa CTpaHa Off onpeMa npHu ODANNCTHIKUOT yiap U IPeKy Hej3e
npeHeceHaTa KHHETHYKa EHepruja JUPEKTHO ce IIpeHecyBa Bp3
TEIOTO Ha HOCUTEJIOT Kako IITO €
npecraBeHo Ha canka 02.
AKo Taa flechopMaiija € roiema, 6e3
pa3iiKa Ha Toa WITO 3PHOTO €
3apXKaHo, MoOXe Ja Ipegu3BHKa
OIITETYBamE Ha BUTAITHHTE
BHAavpeLIHu opranu ( cpue, Oybpesu...)
co TparuyHn nocnepunu. llrto sHaun
edukacHata B30 He e JOBONHO caMo
lla TO 3ampe 3pHOTO TYKY Tpeba fa ro
3aIITHTH HOCHUTENIOT OfI IOBpeja UIn
CMpPT IIpeky MmanaTta fnedpopmalyja Ha
3afHaTa CTpaHa IIPUCJIIOHETA KOH
TENOTO. Cnuka 02. TpaymaTOIOLIKH
Llen Ha OBa HCTPaKyBaHEBO € edeKT
/1a ce ONpeeNny BIUjaHUETO Ha
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TEXHOJIOLIKUTE TapaMeTpH Ha
IIPOM3BOJICTBO  OJJHOCHO  IIPUTUCOKOT Ha  TpecoBame  Kaj
VHAIUPEKIUOHAIHA U OWAMPEKIUOHAIHNA OATMCTUYKH KOMITO3UTH
Bp3 0asa Ha ynTpaBHCcOKOMoONekynapuu IIE BiakHa Bp3
OancTUYKaTa IBPCTHHA M TPAYMATONOIIKHOT eheKT .

Excnepument

3a MCTpaxyBalme 3eMEHH Ce J[Ba THIIOBM HA YHHAMPEKIMOHAIHH
komnosutu UDI u UD2 Kako W efleH THI Ha OUAHpEKIHOHATIEH
Komno3ut BDI, cate Bp3 OGasza na [IE BnakHa co ynaTpa BHcCOKa
Monekyncka maca (UHMWPE). Marepujanmure UD1 w UD2 ce
rpajern off 4 u 2 yHUAUPEKIMOHAIIHH CIIOEBH, PECTIEKTUBHO, CIHKA
03, meryce6bro monoxenn mop 0°/90°, nogeka BDI1 e mpenper Bp3
0asa Ha TKaeHWHA YMN KapaKTEPUCTUKM ce AajeHH Bo Tabemna 02.

Ciuka 03. KoneTpykipmja Ha yHHANPEKIMOHATHUTE npenpesn

On  oBue MaTepH]aJII/I HallpaBeHH Ce KOMIIO3HTH CO MOBPIIHHCKA
maca og 20 kg/m” mpu 20, 60 u 100 bar NPUTHCOK Ha NPEecoBaiLe U
UCIIUTAHU ce HUBHUTE DanucTHUYKK nepdopMaHcu-
TPayMaTONOMKHOT e(peKT M OaJluCTHYKaTa KapaKTepHCTHKA V.
[Toronem nputncok ox 100 bar He MOKEBMe J1a TOCTUTHUME 3apagu
HEMOZKHOCTa Ha npecaTa 3a Toa. McnuTyBawTo Ha Vsp € U3BpIIEHO
cnopefil. NATO crampappoT 3a eBaynauuja Ha OAalHCTHYKE
MaTtepujann STANAG 2920.
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Tabena 01. KapakTepucTUKH Ha YHHAXPEKUHOHAIHUTE IPEIpe3u

Ocobuna Enpunnna UDI UD2

[MToBpuminHCcKa Maca kg/m” 2hl-+7 13043
_Bpoj Ha CIIOeBH - - 2

ConpkuHa Ha cMoJTa Yo 2043 1943

PesynraTuTe o McnuTyBamaTa ce fiajieHn Bo Tabemna 03.

M36pana € ropHaTa NOBPLIMHCKA Maca 3a [1d OBO3MOXKYI HCIIUTYBaHe

Ha TPayMaToIOoIIKKOT eekT Kaj UD MaTepHjanuTe co cTaHapAHa
Tabena 02. KapakTepucTHKH Ha OMMPEKIMOHAJIHUOT Mpenper

Oco6una Enmnania BD1
[ToBpmmHCcKa Maca kg/m” 37548
Copp:xrHa Ha cMoIa % 2042
Bup Ha TKaeHnHa - 1x1 (nnaTHO)

MyHHUmja 7.62x39 mm co Maca op 81 g u 6p3una op 73010 m/s.
HauMe npu oBaa noBpumHcka Maca Ha UD maTtepujanurte, He foara
no mpo0oj Kora ce cTpela Off MoiyaBToMaTcKa myiika AK-47
(Kanmammukog). ITpu nenuryBasmTo IIIOYATE CO 3aj{HaTa CTpaHa Oea
HACIIOHETHU Ha cnoj of KUT co Aedbenuna of 10 cm. Toa ce npaeu 3a
Jla MOKE IMOJIECHO Jla ceé U3MepH TpayMmaTolowkuoT edext. Haume
nedopmanujaTa Off 3ajlHaTa CTpaHa Ha IUIOYHTE CE MPECIUKYBa BO
KHTOT Of] Kajle MoToa MOJecHO ce MepH Hej3mHaTa JutabuHaTa u
[OBPILHHA,

PesyntaTtu u nuckycuja
PesynraTuTe O MCOUTYBAKTO HA BIHjAHHETO Ha TPUTHCOKOT Ha
MpecoBame BpP3 TPayMaTONOLIKHOT e(eKT MpecTaBeHH Ce BO

Tabenara 03 a Bp3 GamucTHyKaTa BpcTHHA BO Tabena 04.

Tabena 03. TpaymaTonolku eheKT Kaj KOMIO3ZUTHTE

P [ToBpminHa , mm- Jnabunga, mm
bar UDI1 uD2 UDI uD2
20 5115 3316 232 239
60 2550 2641 21.1 22.7
100 1661 1885 19.6 20.9
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Bo Tabenara 03 npezeHTHpaHNTE IOBPLIMHY HA TPAYMATOJIOIH]ja CE
IpecMeTyBaHK KaKo NOBPIIMHY Ha KPYT Bp3 Oa3a Ha iMjaMeTapoT Ha
necpopmanujata. Toa ce camo MHIMKATHBHU BPEJHOCTH 3aToa IITO
nedopmanujata He € BO BHJ Ha nepdeKTHO Npaswied kpyr. On
TabenaTa 03, moxKe [1a ce 3a0eeku eKa HeJOCTacyBaaT OgaTOLH
3a BD1 marepmwjanor. IIpyunna 3a Toa € IITO MpU NOBPIIMHCKATA
maca Ha BDI op 20 kg/m” npum crpemamero co cnenudpuIpaHa
MYHHI{]a goralle fo0 HeloceH NPUOHUB Ha TIIOUHTE,

Ha cnukara 04 npukaxkanu ce Tpaymaronoumkute edexts kaj UDI
MaTepH]ajoT.

100 bar 60 bar

Cnuka 04. TpaymaTonomku
edekT Kaj UDI
MaTepHjanoT Ipu
Pa3IMYHN IPUTHCOIM Ha
npecoBame

20) bar
Tabena 04. BanucTuyuka 1BpcTHHA Kaj KOMIO3HTHTE
P ng m/s
bar BD1 UDI UD2
20 611.2 7532 746.2
60 606.7 762.8 756.8
100 615.3 774.4 768.7

Pesynrature Bo TaGenara 04 ce mpecMeTann Bp3 Oasa Ha 7 mpogopu
BO IUTOYNTE CO HajMana Op3vHa W 7 3aOpW CO Hajromema Gp3uHa.
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BpepHoctute 3a Vs MpecTaByBaaT cpefHa apuTMETHYIKA BPETHOCT
on 14-re noeguHeYHU BPEIHOCTH.

Onp Tabenta 03 m oj cnukarta (04 Moxe jga ce 3akiaydd [eKa
HPUTHCOKOT Ha NpEeCcOBaibe UMa BIIMjaHWE BP3 TPAayMaTONOIIKHOT
eheKT Kaj YHMIUPCKIMOHAIHHTEC KOMIO3UTH TNpH IITO TO] CE
HAMAJyBa CO 3rOJIEMYBAKTO Ha TPHUTHCOKOT M 0DpaTHO.
Komnosutute npecosanu 100 bar nokaxkaa HajMasna IOBpPILIMHA H
HajMala [nabuHa Ha  TPayMaTOJOLIKHOT  edpexT, nonexa
KOMITO3UTUTE TIpecoBanu npu 20 bar MokaKaa HajroJIeMH BPETHOCTH
M 3a JabuHaTa M 3a noBpHIMHaTa. KapakTepucTHYHO Kaj OBHE
KOMIIO3UTH NP HUBHATA BU3YENHA MHCIEKUH]a MO TECTHPAHETO €
TOa LITO Kaj mpecoBannTe npu 20 Oap ¢ npuMeTIHBa I1OrojieMa
TEeHJCHIIMja Ha [leJlaMHHal#ja 3a pa3inKa OJ] OHHe NMPEeCcOBaHH MpHU
100 ©6ap. Kaj O6ugupeKUHOHATHUTE KOMO3UTH TO] eeKT He
MOXKEBME Jla TO MEpHME, KaKO [ITO € CIOMHATO MOrope, 3apaju
npobuBameTo Ha MaTepHjanoT. HauMe npu npoOu. Ha MaTepHjanoT
NpaKTUYHO Ce jaByBa caMoO HE3HAUYUTENIEH TPayMaTOJOLIKU e(eKT.
Toa najgobpo e unycrpupano Ha ciukarta 05 Kafe napanenHo, ce
OPE3CHTUPAHU  NPOJOPUTE U
3agopuTe. ['opHUTE noKasaTenu
UCTO  Taka  HaBelyBa  Ha
3aKJbY4OK JleKa OanmcTHdIKaTa
[BPCTHHA Kaj YHU- "
OMIUPEKIUOHATHATE
KOMIIO3UTH IIPH €IHAKBU YCIOBU
Ha  Tpollecupame,  eJHaKBa
MOBPUIMHCKA Maca W EJHAKOB
OJHOC Ha BJlaKHa/MaTpula He e
eqHakBa. OpHOCHO [eka e
3HaTHO noronema kaj UD koMo )
surure. Kaj egHior u Kaj Cnuka 05. Hp06HBI/I. H 3aJl0pH Kaj
IPYTMOT KOMIIO3UT BrpajicHu ce UD marepujanor

IIE BmakHa of WCT THI INTO 3HAYM MOAYIOT Ha €JACTHYHOCT Ha
BIIaKHaTa € eflHaKoB. M kKaj BaTa TUMOBH Ha KOMIIO3UTH OTHOCOT Ha
MaTpHIaTa ¥ BIakHATa € egHakoB (~20/80). EmuHcTBEHa pas3iinka e
IITO BJIKHATA CE NPOLECHPAHH BO Pa3INYHN TEKCTHIJIHU TPOHU3BONIIM:
TKa€HUHA, Kaj Koja BIaKHATa ce HCIOpemneTeHu Mefy cebe H
YHUIHPEKIMOHATIHY JIEHTH Kaj KOU BlIaKHaTa ce MapaieHHu.

Opn pesynrtatute Bo Tabema 04 Moxe ma ce 3akiayum faeka Kaj UD
MaTepujanuTe OanUCTHUKATAa LBPCTHHA C€  3roJIeMyBa  CO
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3TONIEMYBalkETO, Ha MPHUTHCOKOT Ha IIpecoBame JofeKa Kaj
OMIMPEKIMOHATHUOT MaTepHjal He MOKE Jla ce MPHMMETH HeKaKBa
3aKOHOMepHa mpoMmeda. Mcro Taka of oBaa Tabela MOKe H
KBAaHTHTATHUBHO Jla C€ MOTBPAM Ie€HEPAIHHOT 3aKJby4ok geka UD
MaTepHjaluTe HWMaaT IIOBHCOKA OalHCTHYKa LBPCTUHA Of
TKacHHHUTe. HauMe npm mcra MOBpIIMHCKA Maca W NMPH €HAKBH
yCIIOBH Ha nporniecupare UD MaTepHjanuTe mokaxkaa 3a okKomy 25%
NOBHCOKa OanucTuyka nspetuHa. Mnm co mpyru 36opoBH 3a fja ce
IOCTUTHE €JIHAKBa OamMCTHYKa IBPCTHHA NOTPeGHO € fa ce Brpajiu
okony 25 % moBeKe GumupeKIUOHANEH MaTepujai. [IpuumHaTa 3a
TOa € BO PpalMYHMOT MeXaHM3aM Ha CIOPOBeJyBakbe Ha
nedopMannoruoT GpaH 1o GanucTHIkAoT yuap. doxek kaj UD Toj
Ce CHpOBefyBa MOMAJKy HIM IOBEKE HECMETAHO Kaj TKaeHHWHUTE
HErOBOTO NMpONarupame € 0TEXHATa 0] TOYKHTE Kajle LITO foara 1o
BKPCTyBam€ Ha IIOTKaTa co OCHOBaTa. Bo OBHe TOYKH, BO KOH oala
o rojleMa KOHI[EHTpallija Ha HallOHNTEe M KMHEILE Ha BIIAKHATA, HE
CaMo IITO ce ycrnopysa JedopMaluOHUT OpaH, TYKY AeN Off Hero ce
pedierTupa u ce ABIKK BO CIPOTHBEH IpaBel] Off IPOTAaripauKHoT
Taka f[a fBaTa OpaHOBM Ce CyNEpIIOHHpaaT, NMpH WTO fgoafa o
NpEHAIlOHN M KHUHEH:-¢ Ha BJakHaTa. CKUHATHUTE BJIaKHAa HeMaaT
CIIOCOOHOCT ~ 3a JIMCHIIalMja Ha yAapHaTa eHeprdja M jgoara Jo
NPOOHB Ha IJIOUMTE IPH 3HAYUTEIHO IOMATH eHEPIUH Off OHHE KOH
MOTEHIHJaIHO BlIaKHaTa MOXKAT a ['H aMOPTH3UpAaT.



3akIy4oK

YHUJMPEKIIMOHATTHUTE KOMIIO3UTH  NpH €IHAaKBA YCIOBA Ha
nporecupame MoKaxKyBaaT nofpodpu 0amuCTHYKU KapakTepUCTHKH
01 OUOUPEKIMOHATHUTE.

Co 3romeMyBame Ha NPUTHCOKOT Ha IIpecoBame ce 3TOJICMYyBa
pamucTHuKaTa nepernmna kaj UD maTepujalnTe W ce HamallyBa
TPayMaTOIOLIKHOT e(heKT.

Kaj OuupeKkUOHaATHUTE KOMIO3UTH CO MPOMEHA Ha IPUTHCOKOT
Ha [IPecoBame He Ce MCHYBaaT 3HA4YUTEIHO OalUuCTHIKUTE
KapaKTEPUCTUKH.

BHIHPEKIMOHATHUTE KOMIO3UTH TIpH Vso TECTOT mHopajo Ke ce
eTaMUHIPAAT OJKONKY fla MOKaXaT 3HaUUTEIeH TPayMaTOJIOIIKH
e(pexT.
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