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USE OF THREADS FROM ULTRA-HIGH-MOLECULAR WEIGHT
POLYETHYLENE FOR THE PRODUCTION OF REINFORCING
FRAMES FOR FIRE PRESSURE HOSES AS ONE OF THE DIRECTIONS
FOR IMPROVING THEIR OPERATING CHARACTERISTICS

Abstract. The problem of choosing the material of synthetic threads for the production of reinforcing cages of
fire pressure hoses with improved performance is considered. A promising direction for the production of new
durable and high-tech fire pressure hose is proposed. Using along with traditional polyester yarns based on
polyethylene terephthalate (PET), ultra-high molecular weight polyethylene (UHMWPE-threads) which, along with
carbon and aramid threads belong to the three “superthreads” and differ from traditional threads, it will increase the
strength and resistance to abrasion. Such a fire pressure hose will have significantly higher operational characteristics
compared to traditional sleeves based on only polyester threads. The resistance of fire pressure hose to abrasion wear
will increase several times (due to the use of UHMWPE threads) under the same operating conditions in intensity,
the reliability and durability of the fire pressure hose will increase several times, the strength of the fire pressure hose
will increase by at least two, and it will meet the requirements of GOST not only on working pressure 1.6 MPa but
also 3.0 MPa (at least for sleeves with a diameter of 38 mm, 51 mm, 66 mm, 79 mm) which makes it universal. The
use of a complex synthetic threads consisting of a polyester threads and an equally strong UHMWPE threads in the
fire pressure hose reinforcing cage will provide significantly higher performance characteristics of the fire pressure
hose compared to traditional sleeves based on polyester threads. Despite the rise in price of the fire pressure hose,
due to the use of UHMWPE threads, the strength, wear resistance, reliability and durability of the fire pressure hose
increase in several times. A patent has been obtained for use in fire pressure hose of weft complex synthetic threads
consisting of traditional polyester threads and UHMWPE threads.
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Introduction. During operation, fire pressure hoses (FPH) are exposed to internal hydraulic pressure,
mechanical wear, exposure to low and high temperatures, sunlight, the irreversible aging process of the
material, accidental contact with chemically active substances, etc. [1,2]. In this regard, increased
demands are placed on the material of synthetic thread of the FPH which must have high strength,
resistance to abrasion, a relatively high melting point and resistance to chemically active substances. FPHs
produced in Russia and operated in the Republic of Kazakhstan are made of polyester threads based on
polyethylene terephthalate (PET) which have low creasing properties, excellent light and weather
resistance, relatively high strength and melting point and good resistance to organic solvents. However,
their abrasion resistance is not sufficient. The practice of using a FPH made of polyester threads shows
that the main cause of hose rupture during operation is the abrasive wear of their main bearing element - a
woven reinforcing frame that perceives fluid pressure inside the fire hose. In this regard, the urgent issue
is the choice of the synthetic threads material for the manufacture of new high-tech fire prevention and
testing equipment that surpasses fire hoses currently operating on the basis of polyester threads in strength,
abrasion resistance and satisfying other requirements of GOST R 51049-97 (Russia) [3] on the FPH.
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Research results and discussion. In our opinion, one of the promising directions for the production
of new durable and high-tech FPHs is to use along with traditional polyester threads based on
polyethylene terephthalate (PET), ultra-high molecular weight polyethylene (UHMWPE) threads which
along with carbon and aramid threads, belong to the three “superthreads” and differing from traditional
threads with exceptionally high strength and resistance to abrasion.

So, the specific breaking load of UHMWPE threads is 310-360 CN/Tex, while the same indicator for
technical polyester threads is in the range of 60-85 CN/Tex. The abrasion resistance of UHMWPE -
threads is more than four times higher than that for technical polyester threads. However, along with low
negative operating temperatures (-100°C and lower), UHMWPE is a thermoplastic substance with a
relatively low melting point (144-152°C) and thermal degradation (thermal destruction of the structure) at
112-115°C due to the molecular structure. Therefore, UHMWPE products are not recommended for
operation at temperatures exceeding 100°C. The latter circumstance creates two problems in the use of
UHMWPE - threads for the production of FPH.

The first problem is associated with the production technology of rubberized FPHs based on synthetic
threads which is as follows. One of the technological operations of the FPH production is that a rubber
shell with glue applied on its surface is introduced into the woven reinforcing carcass, and
5-6 atmospheres of steam with a temperature of about 150°C are applied under it to straighten the rubber
sheath and stick it to the frame. Under the influence of this temperature even though this effect is
transmitted not directly to UHMWPE threads but through a rubber sheath, the probability of thermal
destruction of UHMWPE threads is high. The solution to this problem can be achieved by reducing the
vapor pressure and, as a result, bringing its temperature to values close to 110°C, or by using instead of
steam compressed air under a pressure of 5-6 atmospheres with a heating temperature of 80-100°C.

The second problem is due to the fact that a FPH with a reinforcing cage made only of UHMWPE -
threads with a high probability will not pass the test on resistance to contact burning (regulated by GOST
R 51049-97 [3]) due to the relatively low temperature of thermal degradation. This problem, in our
opinion, can be solved by using an integrated synthetic thread in the reinforcing cage as a weft, consisting
of a relatively heat-resistant traditional polyester thread and an equally strong first thread, but having a
lower linear density of UHMWPE-thread. When designing the reinforcing framework of the FPH on the
basis of the calculation methodology and rational design which is based on formula (1) [5], we
conditionally assume that the breaking strength of a multifilament thread is equal to the breaking strength
of a polyester thread included in its composition, and the strength we do not take into account the breaking of
UHMWPE threads. The linear density of the polyester threads and the reinforcing cage parameters are
selected so that they fully satisfy the GOST R 51049-97 requirements including the burst pressure, resistance
to contact burning, etc. Thus, a FPH reinforcing frame with an actual double tensile strength of integrated
weft thread will be designed, which, in our opinion, will be justified due to the following considerations.

As noted above, the main reason of hose rupture during operation is the abrasive wear of their surface
due to polyester threads insufficient resistance to abrasion. But even the complete wear of the polyester
thread, in our opinion, will not lead to a rupture of the hose, since the action of the internal hydraulic
pressure will be perceived by the UHMWPE thread resistant to wear. At the same time, the presence of a
relatively heat-resistant traditional polyester thread is necessary since the latter will provide the required
resistance of the reinforcing cage to contact piercing.

It should be noted that such a solution of the problem will not lead to a significant overspending of the
material and, consequently, to a significant increase in the mass of the FPH and its cost, since the additional
consumption of UHMWPE threads will be only a few hundred grams for hoses of medium diameters.

On the other hand, such a FPH will have, as we expect, significantly higher performance compared to
traditional hoses based on only polyester threads, namely:

1) the resistance of the FPH to abrasive wear will increase several times (due to the use of UHMWPE
threads) under identical operating conditions in intensity;

2) the reliability and durability of the FPH will increase several times;

3) at least two times the strength of the FPH will increase, and it will meet the requirements of GOST
not only for a working pressure of 1.6 MPa but also for 3.0 MPa (at least for hoses with a diameter of
38 mm, 51 mm, 66 mm, 79 mm), which makes it universal.

Conclusion. In our opinion, the use in the FPH reinforcing framework of complex synthetic thread
consisting of a polyester thread and UHMWPE thread of equal strength, which will provide significantly
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higher performance characteristics of the FPH compared to traditional hoses based on polyester threads,
will justify itself, even despite the rise in FPH price due to the use of UHMWHPE threads, since the
strength, wear resistance, reliability and durability of the FPH are several times increased.

We have obtained a patent for the use weft complex synthetic threads consisting of traditional
polyester threads and UHMWPE threads in FPH [6]. We consider this direction as one of the promising
directions for the production of new, durable and high-tech FPH.

Current study was carried out in the framework of the project AP05133582 “Development of
methods for calculating and designing woven reinforcing frames for fire hoses with the aim of creating
new high-tech samples of these technical products,” funded by the Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan.
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ACA 7KOFAPBI MOJIEKYJIAJIBIK ITAITHJIEH/I OPTKE CY CEBETIH TYTIK
KYBBIPIBIH APMUPJIEHTEH KAHKACBIH OHIPYIETT KIIT KOJITAHBICHIH
OJIAPJBI )KETLIIIPYITH BIP BAFBITBI PETIHJIE KAPACTBIPY

AnHorauus. Konmany cumarramachl yKakcapTbUIFaH OpPTKE Cy CeOeTiH TYTIK KYOBIpABIH apMHUPJICHICH KaHKACHIH
OHJIpY YIIiH CHHTETHKAJbIK XINTepHAl TaHJall aly Moceleci KapacThlpbuiraH. JlocTypii moaus(upii XKinTeH >kacallFaH
epTKe cy ceOeTiH TYTiK KYOBIpIIbl Malaanany ToxipruOeci KOpCceTKeH IeH, oapbl KONIaHy Ke3iHeri axblpayblH Herisri
ce0e0i — CYHBIKTBIK KBICBIMIBI Cy CEOETiH TYTIK imiHAe KaObUIAANTBIH HErisri 3J€MEHT — TOKbIMAajbl apMUPJIEHIEH
KaHKaHBIH TYPHUTIK TO3y jkarmaitbl. OcbklFaH OailIaHBICTBI ©PTKE Cy CeOETiH TYTIK KYOBIp jkacayna MaTepual TaHaay
Maceseci MaHbI3/Ibl CaHalalbl. OpTKE Cy ceOeTiH TYTiK KYOBIPJbIH TO3IMJI KOHE XOFapbl TEXHOJIOTHSIBIK XaHa TYpPiH
OH/IIPII NIBIFAPYAbIH 0ackiM OarbIThl YCHIHBULIBL [Tomuatmientepedranar (IIDTD) Herizinaeri gocTypiti moau3GUpIIi xKir
opi KeMIpTeKTi XKoHe apaMuJTi XKilmeH Oipre «y3Aik KiNTep» YIITIriHe KipeTiH »oHE AQCTYPJi XKINTEH e3remie OOJbII
KeJIeTIH aca JKOFapbl MOJICKYJANbIK MdTHAeHl Kintepai (AYKMIID-xinrepai) KoiaaaHy OEpiKTIriH jKoOHE TYHIPIIKTIH
Ka)kaJlyFa TO3IMALTIrIH apTThIpyFa MyMKiHAiK Oepeni. MyHnail epTke cy ceOeTiH TyTik KyObIp, Tek Oip monuddupii xin
HETI31HJeT] A9CTYPIIi TYTIKIIE KYObIpIapMeH CallbICThIPFaH/a KOJAAHBIC CHITATTAMACHI XKOFapbl Oouibin keneni. [laiiganany
KapKbIHABUIbIFEI OipAeil skarnaiina epTke cy ceOeTiH TYTik KyObIpAbIH Te3imainiri (AJKMIID-xinTepai Kongany ecebiHeH)
OipHelie ece apTajbl, OpTKE Cy CeOeTiH TYTIK KYOBIPJABIH CEHIMILUIITI jKoHE Te3iMaiiiri OipHelie ece apTaabl JKOHE Ol
JKYMBIC KbICBIMBIHBIH 1,6 Mma, conbimer katap 3,0 MIla (kem nerenne nuamerpi 38 MM, 51 MM, 66 MM, 79 MM TyTiKIIE
KyObIpiaap) MEMCT tananrtapbiHa colikec Kesieli api TYTiKIIe KYObIpAbl oMOebarka aifHangppansl. OpTke Cy ceOeTiH
TYTiK KYOBIPABIH apMHUpJIEHTeH KaHKAchblHA MOIMI(UPII KINTEH KypajdFaH KEIUCHIl CHHTETUKAJBIK JKiIl JKOHE COFaH
te3imaimiri TeH keneriH AXKMIID-kintepai KoJAAaHy ASCTYpai moaud(upii KiM HETi3iHAe »KacalifaH TYTIKIIe
KYOBIpJIapMeH CaJbICTBIpFaHAa Cy ceOy TYTiKile KYOBIPBIHBIH KOFapbl KOJJIAHBIC CHUIMATTAMAChIH KaMTaMmachl3 €Teli.
AXMIID-xi0iH KonpaHy ceOeOiHeH opTKe Cy ceOeTiH TYTIKIIe KYObIp OarachIHBIH KbIMOATTayblHa KapaMacTaH, TO3yFa
TO3IMIINIIr, TYPAKTBUIBIFBI KOHE Y3aKMEp3iMIi KOJAaHbIC asiChl apTagsl. OpTKe cy ceOeTiH TYTikiie KyObIpaa apKay Kil
perinne mactypni mommddupii xinteH xoHe AXKMIID-kinTepAaeH KypairaH KeIIeHIi CHHTETHKAJBIK Kill KOJIaHyFa
maTeHT anplHFaH. Texk monmddupmi Kim HeriziHae KacajaFaH ASCTYPJi TYTIKIIeIepMeH caiblcThipranma, myHmaid FPH
JKOFaphI KOJJIAHBICTHI CHUITATTaMaFa He OOJBIT Kellei.

Tyiiin ce3aep: eprTke cy ce0GeTiH TYTIKTI KYOBIp, ©pTKe cy ceOeTiH TYTIKTi KYOBIPABIH TOKBIMAJbI apMHUPJICHTEH
KaHKAChI, apKay Ki0iHiH y3iIy KyIIi.

XK.Y. MLIpXﬂJI])lKOBl, C.T. CTeHaHOBZ, P.T. KaJ])Il)lﬁaeBS, A.E. Apnnﬁaenas, M. H. Caraes’

"Mesxnynaponusiii yansepcurer SILKWAY, Illsivkent, Kasaxcran;
?YBanOBCKHi rocyapCTBEHHBIN MOIMTEXHUUECKUI yHUBepcuTeT, BaHOBO, Poccns;
*10xu0-Kazaxcranckuii rocynapcBeHHbIN yHUBepcuTeT M. M. Aya3oBa, llIeiMkenT, Kasaxcran

WCIOJb30BAHUE HUTEW N3 CBEPXBBICOKOMOJIEKYJISIPHOT' O IOJUATHJIEHA
JJIsI TPOU3BOICTBA APMUAPYIOHINX KAPKACOB HAITIOPHBIX IIO’KAPHBIX PYKABOB
KAK OJHO N3 HAITPABJIEHUU YJIYUIIEHUSA UX DKCIINTYATAIIMOHHbBIX XAPAKTEPUCTHK

AnHoTauusi. PaccmarpuBaercs npobiema BbIOOpa Marepuana CHHTETHYECKHX HHTEH IJIsI M3TOTOBJICHHS TKAaHBIX
apMUPYIOIIMX KapKacoB HANOPHBIX MOXAPHBIX PYKABOB C YJIYYIIEHHBIMH SKCIUTyaTAallHOHHBIMH XapaKTEPUCTHKAMHU.
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[IpakTuka KMCHOJB30BAaHMS HAIOPHBIX IMOXKAPHBIX PYKAaBOB W3 TPAJUIMOHHBIX IMOJU3(UPHBIX HUTEH IOKAa3bIBAET, YTO
OCHOBHOHM NpPUYMHOW pa3pblBa PyKaBOB IPH SKCIUTyaTallMd sBISETCS aOpa3suMBHBIH HM3HOC HMX OCHOBHOTO HECYILETo
3JIEMEHTa — TKAHOTO apMUPYIOLIEro Kapkaca, BOCIPHUHUMAIOIIETO JaBJIEHUE XXUAKOCTU BHYTPU IIOXKapHOTO pyKaBa. B
CBSI3M C OTHM CTAHOBHTCS aKTyaJbHOW mpoOieMa BBEIOOpa MaTepuaia JJisi H3TOTOBJICHUS HAIIOPHBIX TOXKapHBIX PYKaBOB.
IpennoskeHo NepcreKTUBHOE HANpaBiIeHUE IS IPOU3BOJCTBA HOBBIX JOJITOBEUYHBIX M BEICOKOTEXHOJIOTHYHBIX HAIOPHBIX
MOKapHBIX PYKaBOB, B OCHOBY KOTOPOTO IOJI0KEHO HCIIONB30BAaHHE HAPSAY € TPAAULHOHHBIMH HONUIQUPHBIMA HUTSIMHA
Ha ocHoBe noidTmieHTrepedranata (IITD), Huteit U3 cBepXBbICOKOMONEKYIspHOro noimdTimieHa (CBMIID - Huteit),
OTHOCALIMXCSL HapsAy C YIJIEPOAHBIMH M apaMUJHBIMH HUTAMH K TpPOMKE «CYNEpHHUTEH» M OTIMYAIOIUXCSH OT
TPaAUIMOHHBIX HHUTEH HCKIIOUUTENBHO BBICOKOH IPOYHOCTBIO M COIPOTHUBISIEMOCTbIO A0OPAa3MBHOMY HCTHPAHUIO.
Hcmonb3oBaHne B apMHUPYIOIIEM KapKace KOMIUIEKCHOH CHHTETHYECKOH HHTH, COCTOSIIEH W3 MONMMI(QUPHOH HUTH U
paBHompouHoil el CBMIID-HuTH, o0ecneuuT CymecTBEHHO Oojee BBICOKHME SKCIUTYaTal[MOHHBIC XapaKTePHCTHKU
HAITOPHBIX MMOXKAPHBIX PYKABOB 110 CPABHEHHUIO C TPAIUINOHHBIMU PyKaBaMH Ha OCHOBE MOJMMI(HUPHBIX HUTEH H OIpaB/IaeT
cels1, 1ake HECMOTPS Ha yJIOpOXKaHUE PYKaBOB U3-3a Hcroib3oBaHusi CBMIID-HuTel, T.K. B HECKOJIIBKO pa3 BO3pacTaeT
MIPOYHOCTh, M3HOCOCTOMKOCTb, HAJEKHOCTh M JIOJTOBEYHOCTh HANOPHBIX IOXKapHBIX pyKaBoB. Takoil pykaB Oyxaer
orBevars TpeboBanusiM ['OCTa He Tonbko mo padouemy aaeienuto 1,6 MIla, Ho u 3,0 MIla (o kpaiteld mepe, st
pykaBoB auamerpoM 38 MM, 51 MM, 66 MM, 79 MM), UTO AenaeT ero yHHBepcalbHEIM. [loydeH maTeHT Ha MCIOIh30BaHHE
B TKaHbIX apMHUPYIOLIMX KapKacaX HallOpHBIX MOXKApHBIX PYKAaBOB B KayeCTBE YTOUHBIX KOMIUIEKCHBIX CHHTETHUYECKHX
HUTEH, cocToAmuX U3 TpaJAULMOHHBIX NonudbupHbx HuTed 1 CBMIID-nuteit.Takoit FPH OyzneT uMeTh 3HAUUTENbHO
OoJiee BHICOKHE JKCIUTYyaTAI[IOHHBIE XapaKTEPUCTUKU 1O CPAaBHEHHIO C TPAJULIHOHHBIMH pyKaBaMHd Ha OCHOBE TOJBKO
O3 (QUPHBIX HUTEH.

KuioueBble ci10Ba: MoXKapHBIM HANOPHBIA PyKaB, TKAaHBIM apMUPYIOLINM KapKac MOXKapHOTO pyKaBa, pa3pbIBHOE
YCHJINE YTOYHBIX HUTEH.
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