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MEXAHWYKHW U TEPMUYKI
KAPAKTEPUCTUKUN HA KOMITO3UTEH
MATEPHJAJL 3A BT PAIYBAIGLE BO
ITPOTUBI'PAOHA PAKETA

MECHANICAL AND TERMAL PROPERTIES OF
COMPOSITE MATERIAL FOR ANTI-HAIL ROCKETS

B.Cpe6penkocka', . Humeckn', [.Bamocku 2, P.CMuecki

AncrpakT: Bo 0BOj Tpy§ ONTHMM3MpAHH ce YCIOBATE 3a
IPOM3BOJICTBO Ha KOMIIO3UTEH MaTepHjal Bp3 Gasa Ha jarTepopHH
BIlaKHa ¥ abnatuBHa enon copmangexunna cmona (PPC) 3a
BHCOKO TeMITepaTypHa HaMeHa.

M3Bpuiena e kapakTepmsalyja Ha MOUETHHTE CYpPOBHHH U
TIOATOTBEHHU CE NPEC MacH CO PasiuYeH COOHOC Ha BIIaKHa/MaTPHIA
M CO pasnudHa JOIKHHA Ha BaakHa. OJ IIOArOTBEHUTE TPEC MacH
IIPOM3BEIEHH Ce KOMIIO3HTH CO TEPMOKOMIIPECHja BO KaJIAIlH.
Wcnanu ce dusuuknTe, MeXaHUIKHTE H TEPMHUYKUTE OCOBMHM Ha
KOMIIO3UTUTE WU ONpEefeNeH €  ONTHMAIHHOT  COONHOC
BIaKHO/MaTpuUa 3a NPOM3BOACTBO HAa Mmpec Maca  3a
BUCOKOTEMIIEpaTypHa HaMeHa. MeXaHMUKHTe KapaKTEPUCTHKH Ha
AOOHEHHOT KOMIIO3WTEH MaTepHjal yKaXKyBaaT Ha MOXKHOCTA 3a
TIpUMEHA BO aBTOMOOUIICKATA, BOEHATa HHAYCTPHjd, KaKo MaTepujan
34 CIIOPTCKU PEKBU3UTH, 32 U3pabOTKa Ha JETOBH KOH Ce KOPHCTAT
3a IPOTHBIPAJIHU PaKeTH U PYTO.

11 Oxromepu-Eypokomnosur”-Tlpunen
? BA"Tenepan Muxamino Anocronckn’ - Cromje
* Munncreperso 3a Obpana Ha P.Makenonuja
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Knyunu 360poBu: mpec Maca, (peHoN (popMaexniHa cMOolla,, jarIepoaHl
BIIaKHa, a0IaTUBHU KOMIIO3HTH.

Abstract: In this paper the technological treatment for production of a
molding compound based on short carbon fibers and ablative phenol-
formaldehyde resin for high temperature application is optimized.

The characterization of the starting raw materials is performed and
molding compounds with different fiber/matrix ratio and different fiber
length are obtained. From the different lab-samples molded parts are
made by thermocompression. All physical, mechanical and thermal
properties of the composites are tested. From the obtained results the
optimal fiber/matrix ratio is determined for production molding
compound for high temperature application.

The obtained mechanical results has justified the application of this
composite material in automotive, leasure, military and other industries
where high temperature resistance and high mechanical strength is
required.

Key words: moulding compound , phenol-phormaldehide resin, carbon
fibers, composites, thermocompression

Boseg

HcrpakyBamaTa BO MOJNETO Ha TEPMOPEAKTUBHATE KOMIIO3UTH
ce (OKYCHMpaHM BOILJIaBHO 3a MPOW3BOJCTBO Ha KOMIIO3UTHH
MaTepujali HaMeHeTH 3a pakKeTHaTa, aBUOHCKaTa, BOeHaTa
WHIYCTPHja U IPYTH CICIjaTHH LEJIH.

deHONHUTE KOMIO3UTH 3ajaKHATH CO jaryiepofgHH BlakHa
HajuecTo ce ynorpebyBaaT 3a U3pabOTKa Ha OJTOBOPHH CKIIOIIOBH,
Mery KOHW Off MoceOHO 3HAUeHe Ce OHUE 3a BUCOKOTEMIepaTypHa
HaMeHa [1]. 3aToa, ocobeH MHTepec MpeTcTaByBa ONMTHMH3AIMjaTa
HAa YCIOBHTE 3a TIPOM3BOACTBO Ha (PEHOJNHH KOMIIO3UTH CO
jarJIepoNHU BJaKHa, roafajKu oJi TpeaXoiHo MOATOTBEHA MPeC Maca.
deHonMHUTE CMONM ce TO3HATU IO CBOMTE TEPMHYKH CBOJCTBA H
xeMuckata crabunHoct. Bo momeTo Ha cOBpeMeHHTEe KOMIIO3UTH,
theHONMHUTE mMmACTHIM 3ajaKHATH CO JarJepOfAHM BIaKHA Ce
3a0eeKTMBH  CO HUBHATA OTIOPHOCT Ha INNaMeH. ABHO-
MHJYyCTpHjaTa KOPUCTU BAaKBM KOMIIO3UTH Ha OCHOBa Ha (peHOIHa
cMomna 3apajii Hej3UHUTE a0IaTHBHU KapaKTePUCTHKH.
deHONHUTE CMOJIM ce YCIENIHH Bo ablaTUBHHUTE MpHMEHHN OHejKu
THE jarJIieHHUCYBaaT TMOJ [€jCTBO HA TOIUIMHA M JlaBaaT BHCOKa
copp:kuna Ha jarmepop. Ce cMeTa [eKa BO TEKOT Ha NPOLECOT Ha
jarieHucyBame (heHONMHHOT MaTepHjal MOJJIETHYBa Ha peaKluu Ha
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BMpEXKYBame, KOH Ha KpajoT pe3yiaTHpaaT BO KOXE3HMBHA UHCTa
jarnepopgHa crpyktypa [2,3]. Bpemerto Ha BIBpPCHYBake Ha
abnaTuBHY (henon dopmammexunHu cmoin Ha 150 °C mamecysa op
Imin o 3min. T'y6uToKOT Ha Maca Ha TeMrepaTtypa noBucoka ox 500
°C usHecysa najmuory 40% [4].

®enomante BMC(bulk moulding compound) KoMmosumTu wumaar
OfIMHA [UMEH3MOHA CTAOMJIHOCT Ha IIOBHLICHM TeMIEpPaTypH,
ONITWYHA jauMHA, TEPMOW3ONAUMOHH CBOJCTBA M TOJIEMA TPajHOCT
[5,6,7]. 3a TepMOpeaKTHBHHTE KOMIIO3UTH 3ajaKHATH CO KPATKH
BJIAKHA THIIMYHUTE BPEJHOCTH 3a jaumbmTe ce ox 150 MPa jo 200
MPa u Jyarosnor mopyn na emactuaroct of 10 GPa o 18 GPa [6,8].

TepMopeakTHBHITE KOMITO3UTH 3ajaKHATH CO KPATKH BIaKHA HMAaT
NPENHOCT INTO MOXKAT Jla NOHYfJaT YHUKAaTHA KOMOHMHaluja Ha
cojcTBa. Ho, pasnuknre Bo pacnpefienfara Ha OpHEHTHPAHOCTA Ha
BJIaKHAaTa OOMYHO HACTaHYBaaT BO CAMHTE OTIIPECOIH, OCOOEHO MO
nedbenunarta. Toa BMjae BpP3 ONTHUMAJTHUTE CBOjCTBA M MOXKE Ja
floBElE 10 HEPAaMHOMEPHOCT Ha MeXaHHYKHTE OCOOHHM Ha
MaTepujanor [6].

Bo o0BOj Tpyn onpemener e ONTUMATHHOT COONHOC Ha
JarTEpONHUTE BIAKHA M CMONA 3a NPOM3BOJICTBO HA TPEC Maca
IIOrOfIHA 3a JHPEKHO IMpecyBame BO Kanand. VcnuTyBaHu ce
BJIMjaHHETO HA CORPKMHATA M [OKHHATA Ha jalJIepOQHH BIAaKHA
BP3 OCHOBHUTE MEXaHWYKH ¥ TEPMHUYIKH CBOjCTBA HA KOMITO3HUTOT.

ExcnepumenTtanen nen

3a NpoU3BOACTBO HAa KOMIIOZHTOT ynorpebeHa e enon
thopMmangexmuiHa cmona Borofen DX 30 of pesouieH Tum, (Tabena 1)
¥ jarnepofan Brnakua tui T800, (TaGemna 2).

Tepmuuka xapakTepmsamuja Ha cMmonara e HU3BpIIEHA CO
TEPMOrpaBUMETpUCKa aHanmu3a, TGA, pudepeHunjanHa cKaHWHD
Kanopumerpuja, DSC u mpeky ONpelenyBakbe Ha BpeMETO Ha
KENUpare Ha PA3IIHYHU TEMIIEPATYPH.

3a TepMHYKa KapakTepusamuja ynorpeGenn ce: TG- aHaJIU3aTop
Du Pont de Numerous u Perkin Elmer DSC-7 aHaU3aTop.

ITpec macaTa ce mo6uBa co Mellame Ha cMoIaTa o jaraepoHuTE
BITaKHa (IPEXOHO CELKAHU BO PA3IMYHM TOKUHE 25 1 S50 mm) Bo
yHuBep3anen Mewaq Werner-Pfleiderer. [loGuenata mpec maca ce
Cymm Ha Temnepatypa 80°C. Cofp:KHHATa Ha MCHAPIHBU MaTepuu
BO IIpec MacaTa usHecysa 2-3,5%.
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Komnosuture ce n3paboTeHn co AUPEKHO NpecyBame BO Kalany, Ha
nonyuapyctprcka 200 Torcka npeca Centrotecnica , Mranuja.

OmnpepieieHr ce MeXaHUUKATE M TEPMHUKHTE CBOjCTBa Ha
KOMIIO3UTHTC KAKO JaunHa Ha cBUTKYBawe (DIN 53457) u Mmopyn Ha
eNaCTHYHOCT Npu cBUTKyBame (DIN 53452), jaumna ma ymap (DIN
53453), jaumna wua nputucok (DIN 53454), u TepmuukaTa
mapxkmuBocT 1mo Maprene (DIN 53462). 3a wucnuryBamara
ynoTpeOeHn ce: YHHUBep3anHa ucnuTHa MammHa Schenk u
YHuBep3amHa UCNUTHA MalukHa Frank.

Tabena 1. KapakTepucTik Ha cMosaTa

P DC Borofen DX
Kapakrepuctukn 30, pacTBOpEeHa BO
H30TIPOTTHI
AIKOXOI
Coppxuna Ha cyea mMatepuja (%) 68-72
Buckosurer no ®opj (s) 140-160
Conpxmuna Ha cinoboieH dhernou (%) max 6
CoppxkuHa Ha cmobojieH max 2
dhopmangexun (%)
B - Bpeme (min)
120 °C; 150°C 8-11; 1-1,5
pH - BpepHOCT 7,3-7,8
Wsrnepn Oucrap TeMHO
IIPBEHKACT pacTBOP

Tabena 2. KapakTepHCTHKY Ha jariepoHUTe BIaKHa
Kapakrepuctnkn Jarneponuu BiakHa
KoMepuujanna o3Haka “ Toray “ TBOOH
®upMa npou3BOIUTEN Toray Industries, inc.
bpoj Ha dunamenTu 12 000
I'yctuna ( g/Cms) 1,81
JIuneapHa rycruHa (tex) 445
Hujamerap Ha 8
tpunamenTor ( ptm )

Jaunna Ha ucrernyBame ( MPa ) 5,49
Monyn npu ucrernyBame ( GPa ) 294
W3pomxkyBame (% ) 1,9
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PesymrraTh n quckycuja

3aBHCHOCTa HA BpeMeTO Ha BUBPCHyBame (B-Bpeme) of
Temmepatypara Bo nogpadjeto on 120 °C-180 °C e npukaskana Ha
ciuka 1. Pesynratmre 3a ryOGUTOKOT Ha Maca Ha cMonaTa pu
Opsuna Ha 3arpeBame 20 °C/min, BO HHepTHa aTMocdepa, ce
IpETCTaBenn Ha ciuka 2. Kako mro ce riesa ox civkara 1 BpemeTto
Ha BIBpCHyBame Ha cMosarta ce ABWXM of 500 mo 50 cexynau Bo
TeMIEpaTypHoTo mnoppayje o 120 pgo 180 °C. Ipacruuno
HaMallyBalbe Ha BPeMeTO Ha BUBPCHYBake HacTamyBa Ha
remnepatypa Hax 140°C. Op TeXHOMOIIKY acrmekT OIIpeenyBabeTo
Ha BPEMETO Ha BIBPCHYBab¢ Ha CMOJIATA € Off MHTEPEC, 3aT0a IITO ¢
IIOBP3aHO CO MpOLECOT Ha BMPEXYBame Ha MCTaTa, OJHOCHO CO
dasnnor npeon Teuna-nppera cmona. Of TGA (ciuka 2) Moxke fa ce
3abesIexkn leka BO TeMIIepaTypHOTO mofipayje og 230 °C mo 400 °C
ryOMTONMTEe Ha Maca Ha CMoIaTa ce IIOMAnH, ojeKa IIpH
Temnepatypa of 550 °C ry6uTokoT Ha Maca Ha cMmomaTa DX 30
HucHecyBa 33%.
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Cruka 2. Tepmuuka gerpafanuja Ha cMoaTa Borofen DX 30
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Co DSC aganusa HampaBeHa e NpeIUMHHApHa KapaKTepu3alija Ha
cmomnaTta DX 30. OnpepelieHd ce OCHOBHUTE TEMNEpaTypHH IIPEOaH:
TeMIlepaTypa Ha cTakiocyBame, Ty, TEMIepaTypa Ha peakidja Ha
BMpEKyBame, T, KaKo U COOJIBETHHTE TOIJIMHCKH e(DEKTH MPH OBHE
mpeonu, ACpy AH, OrmpegenyBaHn ce # IOYECTHHTE (onset)
TEMIIEPATYPH MpPW CTaKiecT TIpeojl M IIpH peakmnpjata Ha
BMpexyBame. [lobreHnTe BpeJHOCTH ce MpUKaxkaHu Bo Tabena 3.

Ta6ena 3. DSCnopmaronu 3a npeofot T, u T, Ha peaknujaTa Ha
BMpeXKyBame Kaj cmonarta DX 30

Cmoma | T,,"C | Teonset, | ACp, Te°C | Tonset; | AH;,
. J/g°C € I/g
DX 30 18,5 67,7 0,6 189,8 155.4 83,4

Bp3 Da3za Ha OBHE NpeIUMHAHAPHHA MCIATYBakd, OINPENCICHO

NoJIpavjeTo Ha TeMIepaTypa IpHd NPOLEeCHPAmETO Ha KOMIIO3UTOT.
Op npec MacuTe co pasideH COOJHOC Ha BIaKHa/MaTpHIa H CO
pazmuyHa MOMKWHA Ha BJIaKHa, HaNpaBeHH Cce OTNPECOlH |
MCIIUTAHN CE OCHOBHHTE TEPMHYKM W MEXaHWYKH OCOOMHHM Ha
kommnozutute. TepMo-TpecyBa-eTO Ha CUTE IPUMEPONH € U3BPILEHO
npu cneguuTe ycnosu: P =75 bar, T= 160 °C.t =20 min.

MexaHU4KH CBOjCTBA

AHanu3aTa Ha MeXaHHYKUTE OCOOMHH Ha KOMIIO3UTHUTE
3ajakKHATH CO KpPaTKW BIaKHa € MHOTY IOCTOKEHa OTKOJKY Kaj
KOMITO3UTUTE 3ajakKHATH CO HAcOYeHH KOHTHUHYUpPAHH BIIAKHA.
[TocTojaT paBe mpUUMHM 3a Toa. IIpBO, IIpeHecyBawmeTO Ha
HamperawmeTo Mely BllaKHaTa W MaTpHlaTa He € IMOfeJHAKBO II0
MOJKUHATA HA BJIAKHATA, U NOPajil Toa MOCTOjaT HEKAaKBU KpajHH
epeKTH KOH MOKaT Jla OWjaT 3aHEeMapeHHM Kaj KOMIIO3HTHTE CO
KOHTHHYHMPAHU BJIaKHA, HO THe e(heKTH ce Ba’KHH Ka] KOMIIO3UTHUTE
CO KpaTKH BNakHa. BTopo, BlakHaTa HHKOrall HE Ce coceMa
nmapajieJIJHd eJHH BO OJIHOC Ha JPYTH M HajuecTo MMaaT XaoTH4YHa
pacnpefenda Kaj KOMIIO3UTHTE CO KpaTKH BilakHa [6,7.9].

Bo tabena 4 u 5 ce pagenu jaunHUTe HA yAap aH 10 u an 15 3a
HCIUTYBAHUTE MPUMEPOLH-KOMIIO3UTH BO (PYHKIHM]a OfI COAPKHHA
Ha jarJepojHuTe BIaKHa M HUBHATa fokuHA. CHTEe MpUMEPOLHU CO
eIHaKBa MOJKNHA Ha BJIaKHA, a Pa3JTMYHA COJIPXKUHA CMOJIa/BlIaKHa,
MOKaXyBaaT NPUONMKHO HMCTH BPEJHOCTH 3a JauMHUTE Ha yaap
MCOMTAHH Ha moMana nospiuda 10 mm® (am 10) u Ha moroiema
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noBpmHa 15 mm’ (an 15). IIpu moBrcoku COMIP3KUHU Ha BIaKHA O]
67% KOMIIO3HTHHOT MaTepHjajl CTaHyBa MOKPT, IITO pesynTupa co
noMaJia ja4nHa Ha yaap. HajpoGpu jaunun mmaaT mpuMeponuTe co
COAp:KHMHAa Ha BJlakKHa of1 57 - 67 %.

Tabena 4. Jaunna na ynap au 10 (o4g)

610,KJ/m?
OornxuHa Ha BnakHa CopapxuHa Ha BnakHa, %
25 mm 25 45 57 67 75
Xor 105,3 119,8 136,0 122.4 132,9
SD 7,9 1.3 4 9,6 8,5
Cv 75 6 2.9 7.8 6,4
AonxuHa Ha BnakHa CoppxuHa Ha BnakHa, %
50 mm 25 45 57 67 75
Xsr 128,3 129,8 163.,4 125 1564
SD 6,9 6 4.5 7.9 4,1
Cv 5.4 4.6 2,8 6.3 2,6

TaGena 5. Jaunna ua ynap ax 15 (o45)

015,KJ/m?
HomxuHa Ha BnakHa CoaprxuHa Ha BnakHa, %
25 mm 25 45 57 67 75
st 87,5 98,7 85,1 1049 94,2
SD B 95 7,8 14,9 T
Cv 5.9 9.6 9,2 14,2 8
fdornxuHa Ha BnakHa : CoppXuHa Ha BnakHa, %
50 mm 25 45 87 67 75
Xsr 78,3 87,2 116 109,3 98
SD 9.9 5,3 9.2 9.9 7,6
Cv 12,6 6,1 7,9 9,06 T

Kommosutute co nokpaTkm BakHa mokaxkaa MOBHCOKH BPETHOCTH
32 jauMHaTa Ha MPUTHCOK (Tabena 6). [Tpu moronema COIpPXKHWHA Ha
BJIAKHA jaYMHATE Ha NIPHTHCOK 32 PA3IHYHN JOKUHI HA BIAKHA Ce
NpUOMIKHO ~ enHakBH. Hajronema jaumna Ha NPUTUCOK €
3abenexkana Kaj KOMIO3HTHTE CO CONPKMHA Ha BIAKHA 57 - 67 %,
uMeHo 179 MPa 3a KOMIO3HTOT CO JOJKMHA Ha BIakHa 25 mm.
M3BecHO OTcTamyBae Kaj KOMIIO3HTOT CO MONONTH BIAKHA npu
coppakuHa of 67 % BepojaTHO e mocienna Ha OflpeNeHu eheKTH Ha
HEXOMOI€HOCT  (HCIpemyeTyBame) u HEPAMHOMEPHOCT  Ha
MaTepujanor. PenatBHa omeHka 3a Toa e BpegHOCcTa 3a
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koedunuenTor Ha Bapujammja (C, = 10,8) koja e¢ moromema oj
BPEHOCTUTE 3a Apyrute Kommo3uTu. Kaj fApyrute KOMMO3HTH
mopaMHOMEpHA e pacnpefendaTa Ha BJaKHaTa, a COONBETHO Ha TOa

¥ MOM3C[IHAYCHA € jJaYuHaTa Ha TIPHTHCOK.
Ta6ena 6. Jaunna Ha npuTHcok , G (MPa)

o,MPa
Homkuna va Brakna Conpxuna Ha Baakna, %
25 mm 25 45 57 67 75
Xse 152,7 158,9 164.5 Wi 142,6
SD 5 0.8 14 24 52
Cv 1 0,5 0.9 1.3 3.6
Honxuna na Blakua Copp:kuna ma pnakna, %
50 mm 25 45 57 67 75
Xsr 135.4 128,3 172,0 131,5 | 1410
SD 34 6,4 18,5 10 6,2
Cv 25 5 10,8 75 4.4

Ha cnuka 3 u 4 npukaxaHa € 3aBUCHOCTAa Ha jayMHaTa Ha
CBUTKYBalke W MOJYJIOT Ha €EIacTHYHOCT NpPH CBUTKYBamke 3a
KOMIIO3UTH CO PpasiauiHa COJpXKUHA M [OJKHHA Ha BIIaKHa.
KoMno3suture co MoKpaTKHM BllaKHA <& ONJIMKYBaaT cO IOBHCOKaA
jauMHa M MOAYJN Ha eracTHYHOCT. ITopajm Toa 1ITO He MOXKe Ja ce
06e30beu  HamoOMHO paMHOMEpHa pacnpefenda Ha BIaKHaTa BO
KaJanoT, Ipy AOJDKUHA MOorojeMa off HeKoja KPUTHYHA BPEJHOCT,
OYHIIIENHO Joala 0 HHBHO NpEIJIETyBame U KOHUEHTPHpakhe BO
efeH gmen. 3a jga ce ofe3beM JIeCHO Teuewe BO KANamoT TNpH
[orojieMa COJIpXHUHA Ha BJIaKHa THe Mopa Ja OujaT nokpaTku. Ha
TO] HA4YMH Cce MOCTUTHYBa M MopoOpa aTxes3uja Mery BIakHaTa H
cMonata. Mefyroa, KOPHCTEHETO Ha MHOTY KPATKH JIHUCIEPTHPAHH
BIIaKHA ja HamalyBa HMBHAaTa 3ajakHyBauka e(HKacHOCT.
HomxuHaTa Ha BlaKHATAa, KAKo INTO € TO3HATO, ce ondupa BO
3aBUCHOCT OJ] IpUMEHaTa Ha KOMIO3UTOT [1,6].

Hajronema jaumHa Ha CBHTKYBake UM MOJYJ € OmNpefescHa Kaj
KOMIIO3UTHUTE CO COJ[PXKHHA Ha BIakHa 57 - 67 %.

Tepmuuku cBojerra

Hampapena e TepmorpaBUMeTpHCKa aHalM3a Ha KOMIIO3UTHTE CO
COJP2KUHA Ha jarnepoyiHu BiakHa 25%, 45%, 57%., 67% 1 75%

(mas) ¥ co moyKMHA Ha BIakHa 25 mm u 50 mm.
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Bo TabGema 7 m 8 ce mapmeHa pesynTaTHTe Off MCIHTYBamaTa Ha
TEPMHUYKATa Jierpajjaiija Ha KOMIO3HTUTE CO Pa3lIMyHa COPXKUHA
Ha BIIaKHa.

HobuenuTe pesynraTé mokaxkaa JleKa KOMIIO3HTUTE CO TTOTOJeMa
COAp>KMHA Ha BIIAKHA CE pasrpafyBaaT Ha [IOBHCOKa TeMIlepaTypa.

&
E 300 ’ T T T T
<
£ 200 4 --
2
X
s 100 +
m
Q
g
0
[1°
I
=
§+I:25mm 146.7 | 2234 | 2446 | 2057 | 177.2
—8—|-50mm | 134.8 | 173.7 | 203.7 | 193.1 | 1446

CoppxuHa Ha BnakHa, %

Cruka 3. IIpoMena Ha jaunHATa HA CBUTKYBAhe HA KOMIIO3HTH CO
pa3snuyHa CONpXKUHA Ha BIaKHa U pa3lIMYHa JOXKHHA

Mofyn Ha eNacTU4HOCT, GPa

25 45 57 67 75
——1=25mm | 169 245 271 224 211
—a—I=50mm | 147 19 221 208 15.8

Cofp3KWHA Ha BRakHa, %

Cnuka 4. TIpomMeHa Ha MOIYJIOT Ha €1aCTHYHOCT HA KOMITO3HTH CO
PasyiivHa COJIpXKUHA Ha BJIAKHA M Pa3/InyHa JOKHHA
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Tabena 7. I'yburtok Ha Maca Ha cMOJIaTa U HA KOMITO3UTHTE CO
JOJIKWHA Ha BlakHa 25 mm

Am, %
T, OC Cmona KOMMO3WUT CO paanuyHa
DX 30 COoOp’KMHa Ha BNakHa
25 | 57 67 | 75
0-250 15 97 |44 | 24 |16

250-325 1,2 24 (36|24 |14
325-400 1,3 3756|832 |23
400-500 5,7 7,0 166 110,3]9,3
Tabena 8, I'ybuTok Ha Maca Ha CMOTIaTa W Ha KOMITO3UTHTE CO
JOJKMHA Ha BakHa 50 mm

= Am, %
il & Cwmona KOMMO3WUT CO pa3nuyHa
DX 30 COApXKHA Ha BNakHa

25 | 57 | 67 75
0-250 15 54 |38 |2 0,9
250-325 1,2 4 34 |16 |15
325-400 1,3 38 [53 |32 |2
400-500 5,7 62 /83 |104 10,2

Temrepatypara Ha HHTEH3HBHA TepMHUKa pasrpajba u3HecyBa
coonBeTHO 350 °C Bo cnopenba co 250 °C kaj KOMIO3HTHTe cO
OMano KommvecTBo BnakHa. Ilpum Temmeparypa omg 500 °C
r'yOHTOKOT HA Maca Ha KOMIIO3UT CO COJIP>KWHA Ha BJIakHA o1 75%
usHecyra 14,6%, nomeka Kaj KOMIO3HT cO cOgp:KUHA HA BIAKHA on
25% wu3HecyBa 22,8%.

Mcnurana e TemnepartypHaTa u3IpKIABOCT MO Maprenc 3a cure
KOMIIOSUTHI OTHPECOUM M CHTE Ce¢ M3APXKIMBU Ha TEMIEpaTypu
noBucoku oxg 210 °C.

Bo opHoc ma rommmHckata mocrojamoct ma KOMIIO3UTHTE,
MCIUTYBambaTa 0Kaxaa JieKa THC I'M 3a[J0BONIYBAaT KPUTEPHYMATE
3d BICOKOTEMIIepaTypHa IIPUMEHA.

3aknyuok

Hcnurann ce MexaHuykute w TEPMHYKHTE CBOjCTBA Ha
KOMIIOSUTUTE CO pasjidvdHa COJpPKHHA W JONMKMHA Ha BJIAKHA.
Onrumanuu pesyaratu ce JOOHEHH 3a KOMIO3HTH CO COOpXXUHA Ha
Jarmeponsu BiakHa 57 - 67% u JOJKMHA Ha BIaKHA 25mm.

Maxkcumanua jaunna ma ymap (163.4 KJ/m®) e onpegenena 3a
KOMIIOSUTH CO COMpKMHA Ha BilakHa 57%. MakcuManHa jaunna Ha
nputucok (179,0 MPa) e onpefienena 3a KOMIoO3uT co 67% BIAKHA 1
25 mm moJKHHA Ha BIakHa, MakcuMmaina jaurMHa Ha CBUTKYBaHe O
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244,6 MPa e onpefeneHa 3a KOMIIO3UT co 57% BnakHa ¥ TOJKUHA 25
mm. Hajronem Mopyn ma enactuuHocT (27,1GPa) npu CBUTKyBame
HMaaT KOMIIO3UTHTE CO HOJDKHHA Ha BIakHa 25mm M CORp KHHA
57%.

KoMIIO3WTHATE IeTOBH POM3BEIEHH IPH HaBEJEeHUTE NPOLECHU
mapaMeTpH U co ofibpaHaTa IOMKHHA U COpPKUHA Ha jarJIEpONHUTE
BJIaKHA, BO MOTIOJHOCT TM 3aJlOBOJYBaaT oO4YeKyBamaTa MpHu
HUBHOTO BrpajyBake BO PaKeTHATa, aBTOMOOWUIICKATa BOEHATa
HHIYCTpHja, a ocobeHo 3a M3paboTKa Ha [ENTOBH 3a IPOTUBrpajHa
pakeTa.
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