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METHODS OF CALCULATING AND RATIONAL DESIGN OF REINFORCING CARCASSES
OF TENSION FIREHOSES ON BASIS OF SYNTHETIC FIBERS

The method of calculation and rational design of reinforcing carcasses of pressure fire
hoses (PFH) on the basis of a mathematical expression linking discontinuous internal hydraulic
pressure in the tension firehoses with breaking load in the weft and a number of other parameters
was proposed. The necessity of the development of this method, which provides a minimum flow in
the manufacture of synthetic fibers at the production of reinforcing carcass, was substantiated. The
proposed method of calculation and rational design of the hoses comprises the following steps:
selection and definition of the initial data for the calculation of the strength of the reinforcing
carcass of hose at the hydraulic impact; calculation of the internal rupture hydraulic pressure in
the hose at the several variants of initial data by the mathematical expression; selection of the most
rational variant of the calculation of the reinforcing carcass of hose in terms of minimization of
costs of material fibers with mandatory compliance of the State Standard R 51049-97 requirements
on the breaking pressure. On the base of the developed method patents were received for use in the
hoses instead of polyester fibers, fibers of ultrahigh molecular weight polyethylene (UHMWPE
fibers), different from conventional fibers exceptionally with high strength and abrasion resistance.
The use of the pressure fire hoses shows that the main reason for break at their exploitation is
abrasive wear of the reinforcing carcass. In this regard, the use of UHMWPE fibers and fibers of
polyamide 66 having a high resistance to abrasion can be considered as one of the most promising
directions for the production of pressure fire hoses. Application of the developed method of
calculation of strength and rational design of reinforcing carcass of hoses along with the use
instead of traditional fibers, fibers of ultrahigh molecular weight polyethylene will lead to the
creation of new competitive high-technical pressure fire hoses.

Key words: tension firehose, fabric reinforcing carcass, polyether fiber, calculation and rational design
method
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B [1] paccmotpensl (U3MKO-XMMHYECKHUE,
(u3MKO-MEXaHMYECKHE CBOMCTBA  CHHTETHUYECKHX
HUTEH Pa3IUYHOIO COCTaBa ISl

HOBOE MAaTE€MAaTHUYECKOE BBIPAKEHHUE, CBSI3BIBAIOIICE
pa3pbIBHOE BHYTpPEHHEE THUJIIPABIMYECKOE IaBICHUC

2N L

pap 0

apMHPYIOILET0 Kapkaca Harop-
HBIX MoXKapHbIX pykaBoB (HIIP),
Ha3HA4YCHHE U YCTPOHCTBO MO-
CIEIHMX, IPOBEICH KpPAaTKHUil
aHAN3 MyOIMKAMH 10 UX MPOY-
HOCTHOMY pacdeTy IpH THIPAaBINYECKOM BO3JEH-
CTBMM U 0003HAYEHBI JOCTHXEHHUS B 00JIACTH pacyera
Y MPOEKTUPOBAHNSA apMHUPYIOLINX KapKacoB PYKaBOB.
Tam xe ymomMuHaeTcs O pa3paOOTaHHOW METOAWKE
IIPOYHOCTHOI'O pacyeTra U PalUOHAIBHOIO MPOEKTH-
poBaHus apMmupyromux kKapkacos HIIP mpu runpas-
IrYecKoM BozJeiicTBum. HeobxoauMocTs pa3paboTku
METOAMKH pacyeTa W PalOHAJIBLHOIO HPOEKTUPOBa-
Hus HIIP, oGecrneunBaromieli MUHUMAIBHBIA PacxXo/l
CUHTETUYECKUX HUTEH MpHU M3TOTOBJIECHUH apMHUPYIO-
IIero KapKaca, 3aKJII04aeTcsl B CIEIYIOIIEM.

Hus Bcex HITP BBomsITCS MUHHUMAaJIbHBIE 3HA-
YEeHHsI IO Pa3phIBHBIM JaBieHusM [2]. Hamu npoana-
JU3UPOBaHBl TPEOOBAHUS M0 MUHUMAIILHBIM 3Haye-
HUSIM Pa3pbIBHBIX AABICHUN B PYKaBax, pacCUUTaH-
HBIX Ha pabouee naBnenue 1,6 Mlla [2], u dakTuue-
CKHE€ IKCIIEPUMEHTAJIbHbIE pa3pbIBHBIE JABJICHUS I10
JlaHHBIM Bcepoccuiickoro Hay4yHO-HCCIIEN0BATEIb-
CKOTO HMHCTHTYTa IPOTHBONOXAPHOH  OOOPOHBI
(BHUUIIO) MUC P® (r. banamuxa) B JaTeKCHpO-
BaHHbIX HIIP mpowussonctea [10 «BEPEI, paccuu-
TaHHBIX Ha TAaKO€ )K€ pa3pbiBHOE AasieHue. [IpeBbI-
[IEHUE SKCIEPUMEHTAIBHBIX 3HAYEHUH HaJ MUHH-
MaJbHBIMU TpeOoBaHusiMu [2] coctaBiseT 8,3%;
14,3%; 20,0%; 22,9%; 48,6% CcOOTBETCTBEHHO I
pykaBoB nuametpoB 150 mm; 89 mm; 77 Mm; 66 MMm;
51 mm. C onHOW CTOPOHBI, MPEBHIINIEHNE 3KCIEPH-
MEHTAIbHBIX 3HAUCHUH Pa3pbIBHBIX I[aB.]'IeHI/Iﬁ Ha
MHUHUMaJIBHBIMU TpeOoBaHusiMu [2] oOecmeuyunBaeT
JIOTIOJIHUTENBHBIN 3anac npouyHoctu HIIP mpu rupn-
paBJIMYECKOM BO3JCUCTBHHU, YTO CaMo Mo cebe Too-
xuTenbHO. C APYrod CTOPOHBI, 3TH AaHHBIE (0COOCH-
HO JUIsI pyKaBoOB IuamerpoM 77 mm, 66 mm, 51 mm)
CBUJICTEJILCTBYIOT O CYILECTBEHHOM IIEpepacxojie
CUHTETUYECKUX HUTEH, N3 KOTOPBIX M3TOTOBJIEH ap-
MUPYIOIINHA KapKac, 9YTO CKa3bIBa€TCsl HA CYIECTBEH-
HOoM yaopoxkaHuu HIIP u yBenuyeHHH ero Macchl.
ITocnennee mnoaTBepkKaaeT HEOOXOAMMOCTH pazpa-
OOTKM METOJMKM PAlHOHAIBLHOIO MPOEKTUPOBAHMS
HIIP, obGecnieunBaroiieii MUHUMAJIBHBINA PacXoj CHH-
TEeTUYECKUX HUTEHN IIPU NPOU3BOJICTBE apMHUPYIOIIETO
Kapkaca ¢ 00s3aTeIbHBIM COOJII0ICHUEM TpeOoBaHMH
[2] mo pa3psIBHOMY JaBIIEHUIO.

B ocHOBy pa3paboTaHHON METOIUKH pacdera
U panuoHanbHOrO mpoektupoBanus HIIP 3amoxkeHo
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Ppasp. B TIOKAPHOM PYyKaBe C Pa3pbIBHOM Harpy3Koil
N,4;» B YTOUHOH HUTHU U PAAOM APYTHX HapaMeTPOB:
rae R — paauyc noxkapnoro pykasa; L,, L, — reomer-
pHUYECKHE IUIOTHOCTH COOTBETCTBEHHO IO OCHOBE U
yTKy apmupytomiero kapkaca HIIP; do, dy, nos, Ny —
COOTBETCTBEHHO JAWAMETPbl HUTEH OCHOBBI M YTKa
apmupyromero kapkaca HITP u ko3¢ dunuentst Bep-
TUKaJIBLHOTO CMSTHS HUTEH; o, Py — K03 PuImenTsI,
XapaKTepU3YIOLINE UIMHBI 30H KOHTAaKTa MEXAY HU-
TAMH B KapKace pyKaBa B JOJSIX AWAMETPOB HUTEH
OCHOBBI U yTKa.

Puc. 1. ®oTorpadum 300 KOHTAKTa MEXIY JTaBCAHOBBIMHI HUTSIMU B
apMHpYIOIIIEM KapKace HallOPHOTO MTOJKapHOTo pyKaBa JuaMeTpa
66 MM IIpH pa3pese BIOJIb: a — OCHOBHON HUTH ITpu 40 - KpaTHOM

yBeJIMYEeHHH; 0 — YTOYHOM HUTH 1ipu S50 - KpaTHOM YBEIUYCHUU
Fig. 1. Photos of contact zones between dacron fibers in the
reinforcing carcass of tension firehose with diameter of 66 mm
and a section along: a — the main fiber at magnification of 40;
0 — the weft fiber at magnification of 50

Jna pacuera mo nmpeAcTaBIeHHOMY MaTeMaTH-
YECKOMY BBIPAKEHHUIO Pa3pbIBHOTO BHYTPEHHETO TH[-
paBIMUYECKOr0 JAaBlCHUS B JaTekcupoBaHHbIx HIIP
paznmuyHBIX nuaMmeTpoB mpousBoacTtBa 110 «BEPEI
10 pa3pbIBHON Harpy3Ke yTOUYHOW HUTH, a TAKKe IS
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TTOATBEPXKIEHUS €ro JOCTOBEPHOCTH, HaMH ObLIH
ompezeNeHsl HEOOXOMUMBlE WCXOIHBIE aHHBE. B
HIIP »Toro mpou3BOIMTENS HCHOJB3YIOTCS KaK IO
OCHOBE, TaK U IO YTKY MOJUI(PUPHBIC HUTU pa3iiny-
HOM JTMHEHWHOU IIJIOTHOCTH.

X50

Puc. 2. ®otorpaduu 30H KOHTaKTa MEKIY JTAaBCAHOBBIMU HUTSIMH
B ApMHPYIOIIEM KapKace HallOPHOTO MOKapHOTo pyKaBa JuaMeT-
pa 77 mM nipu 50 - KpaTHOM YBEJIMUEHHH MIPU pa3pese BIIOJIb:

a — OCHOBHOW HUTH; O — YTOUHOU HUTH
Fig. 2. Photos of contact zones between dacron fibers in the
reinforcing carcass of tension firehose with diameter of 77 mm
and magnification of 50 at section along: a — the main fiber;

6 — the weft fiber

JlnameTpbl OCHOBHBIX Og M yTOUHBIX O, HUTEH
NPUHAMAIKNCh HAa OCHOBE [aHHBIX MPOM3BOJUTEIIS
PYKaBOB, Fr€OMETPUYECKHE TNIOTHOCTH 110 OCHOBE Lo 1
yTKy L, ompenensumich IyTeM 3aMepoB B pyKaBax,
3HAUCHHS Pa3phIBHBIX YCHIUH yTOYHBIX HUTEH N,
apMHPYIOIIUX KapKacOB PYKABOB ObLIN ONPEICICHBI
10 pe3ysibTaTaM HCIBITAHWI Ha Pa3pblB HA Pa3pbIB-
Hoit Marmmae PMI-250.

JITHHBI YT KOHTAKTa MEXKIYy HHUTSMH, BEJIU-
YUHBI KOA(GPHUIIMCHTOB BEPTHKAIBHOTO CMSATHS HUTEH
OCHOBBI 7)o U YTKa 1,5 ONPEJIEIINCH HA OCHOBE HC-
CIIe/IOBaHMsI 30H KOHTAKTa MEX/y HUTSIMH B pyKaBax
pa3UuHBIX JMaMETPOB TpH HX paspese. [Ipu 3TOM
HCIIOJIb30BaJICSl paCTPOBBIN AJEKTPOHHBIA MUKPOCKOI
JSM-6490LV, mno3BoNSIONIMI HCCIEAOBAaTh MHKPO-
CTPYKTYpY H MPOBECTH aHAIM3 IMOBEPXHOCTH pas3iiiy-
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HeIX MarepruanoB. OOpaboTKa 3KCIIePUMEHTAIBHBIX
JMAHHBIX MPOBOJIJIACH C WCIIONE30BAHUEM METO/I0B
MareMaThdecKou cratuctuku. Ha puc. 1, 2 B kauecTBe
mpuMepa TpezcTaBlIeHbl (Gororpagui 30H KOHTaKTa
Mex Iy HUTMU 1ipu 40 1 50-KpaTHOM YBEITMYEHHH.

Pacxoxaenne Mexay IKCIepUMEHTaIbHBIMU
3HAYCHUSIMH Pa3pbIBHBIX JaBICHUN B JATEKCHPOBaH-
HBIX HAIOPHBIX TOXApPHBIX pyKaBaxX MPOM3BOJCTBA
IO «BEPEI'», nony4ennsix B nabopatopuu Bcepoc-
CHUIICKOTO HAy4YHO-HCCIIEJOBATEIBCKOTO HHCTUTYTa
npotuBonoxapHoi oboponst (BHUUIIO) MUC PO
(r. banmammxa, MockoBckasi 00JI.) M pacueTHBIMHE 3Ha-
YEHUSIMH Pa3pbIBHBIX ABICHUM B TE€X K€ pyKaBax Mo
MareMaTniyeckoMy BblpaxeHuto (1) e mpesbimaer 3%,
YTO TIOJATBEPKAAET JOCTOBEPHOCTH MPEACTABICHHOTO
MaTeMaTH4eCKOro BhIPAKEHUS JIsl IPOYHOCTHOIO pac-
yera HIIP nipu ruapaBinueckoM BO3IEUCTBUU.

Pa3zpaboTranHas MeToquKa pacdyera W parmo-
HaJpHOTO npoektupoBanus HIIP Bkmrogaer cienyro-
ye dtansl (puc. 3).

Beibop u ompeneneHne HUCXOTHBIX
JAHHBIX JJI MPOYHOCTHOTO pacdyeTra apMUpy-
omero kapkaca HIIP nmpu rugpaBnrgeckoM
BO3JICHCTBUH

Pacuer mo MaremaTHYECKOMY BBIpaKe-
HUio (1) pa3pbIBHOrO BHYTPEHHETO T'HJIPABIIH-
YECKOTO JABIECHHSA Pp.sp B HIIP mpu HECKOIB-
KHMX BapHaHTaX UCXOJHBIX JaHHBIX

Bribop Hambosiee pannMOHAIBHOTO Ba-
puaHTa pacdera apmupyromero kapkaca HIIP ¢
TOYKU 3PCHUSA MUHUMMU3AIUHN 3aTpaT Ha MarTe-
puan HUTEH mpH 00A3aTeNBLHOM COOIOICHUN
tpeboBanust 'OCTa P 51049-97 no pa3priBHO-
MY JaBJIEHUIO

Puc. 3. OcHOBHEBIE dTaITbI METOAMKHU pacyue€Ta U palluOHAJIbHOT'O
IIPOCKTUPOBAHUS HATIOPHOTO MOKAPHOI'0 pyKaBa
Fig. 3. The main steps of calculation and rational design of
tension firehose

Ha ocHoBe MeTOaMKHN pacueTa M paroHalb-
Horo mpoektupoBanus HIIP monydeHbl mateHTH Ha
UCIOJNb30BaHUE B HAIOPHBIX IIOJKApHBIX pyKaBax
BMECTO MOJMA3(QUPHBIX HUTEH U3 CBEPXBHICOKOMOJIE-
KyssipHoro nonustwieHa (CBMIID-aureit), otnnya-
IOLIUXCSL OT TPAAULUOHHBIX HCKJIIOYUTEIBHO BBICO-
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KON MPOYHOCTHIO M COMPOTHBIISIEMOCTHIO a0pa3uBHO-
My wuctupanmio [3, 4]. IlpakTuka wnCIOTB30BaHUSL
HIIP nokassiBaeT, 4TO OCHOBHOW IPUYMHOM UX pas3-
pBIBa TIPH DKCIUTyaTallid SIBISIETCS aOpa3wBHBIA W3-
HOC apMUPYIOLIETO Kapkaca. Mpl cCUUTaEM HCHOIb30-
Banne CBMIID-aHutel u Hutell u3 moauamuga 66,
00Ja1alolMX BBICOKOW COIMPOTUBIISIEMOCThIO a0pa-
3UBHOMY M3HOCY, OJJHUM U3 NIEPCHEKTUBHBIX HaIpaB-
JneHuii niug n3rorosneHus HIIP.
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[IpouHOCTHOM pacdeT W MOI0Op PaMOHATh-
HBIX M[apaMeTpPOB apMHUPYIOLIET0 KapKaca HOBBIX
HITP u3 3TuX HUTEH MOXKET OBITh BBITIOJTHEH HA OCHO-
BE pa3pabOTaHHON METOIUKH.

Takum oOpa3om, pa3paboTaHa MeETOIHKA,
MO3BOJISIFONIAS BBIOJIHUTh TMPOYHOCTHOM pacyer u
mo100paTh parroHABHBIC MapaMeTpbl apMHUPYIOIIe-
ro xapkaca HIIP u3 cHHTeTUYEeCKHUX HUTEH.
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