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Paccmotpeno MIPUMEHEHHE IPy303aXBaTHBIX
npoBoJoYHBIX mpucrnocobnenuii (['TIIT) B Bume
IIY4YKOB BHUTKOB

CHapyKU CKpEIUICHHBIX 3aKpPY4€HHBIMM KOHIIAMM.

napajjiCJIbHbIX ITPOBOJIOKH,

IIpuBeneHHble pe3ynabTaThl pacdyera HeCcyllen
ITII ¢ yderom
YIPYroIUIACTUYECKOT0 HarpykeHust U TpeOOoBaHMI
0€30IaCHOCTM MNpPHU UX HUCMOJb30BaHUH, MpPHU
KOTOPOM OLIEHKa Mpo4HOCTH IpoBosoK [TIIT

MpoBOAWIIACH IO PACTATHUBAIOINIUM U I/I3FI/I68.IOIJ_[I/IM

CIIOCOOHOCTH  yKa3aHHBIX

HAIlpsSOKCHUAM, IMOKasajid, 4YTO JOJIOBCYHOCTH

MPOBOJIOYHOTO  MPHUCIOCOOTICHUSI MOXET OBIThH

yBenudeHa. [lo  pe3ynbraraM  TPOBEICHHBIX
HCCIIEeI0BaHUMN MIPEITIOKEHBI MPaKTUYECKHE
peKOMEHIauu 10 0e30MacHON  AKCIUTyaTalluu

I'TII.

KuroueBble cioBa: rpy303axBaTHOE IIPOBOJIOYHOE
IPUCIIOCOOJIEHUE, pacdeT, HeCyllas CIHOCOOHOCTD,
neperpyska, JNIMHHOMEDPHBIH IPYy3.

Beenenme. Ilpu mneperpy3ouHsix pabotax u

TpaHCHOpTI/IpOBaHI/II/I pr30HOIl’beMHBIMI/I KpaHaMI/I
TpYO,
npodUIBLHOTO MpOKaTa U APYTruX JIMHHOMEPHBIX

Tpy30B B
MMPOMBIINIJICHHOCTH JJIS

JUTBIX CTaJIbHBIX 3aroTOBOK, ITaKC€TOB

METATINIMYCCKUX nexax

METaJUIypru4eCcKon

COECIMHEHUS  KPIOKOB  TpaBepc C  IPYy30M

IIPUMCHSAIOTCA CIiIcouaJIbHbIC TpPy303aXBaTHELIC

IPOBOJIOYHBIE  MPHUCIOCOONEHUSI  —  MYUYKH
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The article describes the use of hoisting wire
devices (HWD) — parallel bunches of wire
turns bonded by twisted ends on the outside.
The calculation results of the bearing capacity
of these HWD, taking into account elastic-
plastic loading and safety requirements for their
use, in which HWD wires strength assessment
was conducted on tensile and bend-conductive
stress, showed that the lifetime of the wire
device can be increased. The results of the study
offer HWD safe

practical guidelines for

operation.

Keywords: hoisting wire devices, calculation,
bearing capacity, overloading, long items of
cargo.

Introduction. Special hoisting wire devices—
parallel bunches of wire turns bonded by
twisted ends on the outside — "lifting straps"
(Fig. 1) are used in the shops of metallurgical
industry to connect hooks with traverse load
during reloading and transportation by load-
lifting cranes of cast steel workpieces, banks of

tubes, profiled bars and other long metal goods.
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NapajuleJIbHBIX BUTKOB IIPOBOJIOKH, CHapyKu
CKPEIUIEHHBIX  3aKpY4€HHBbIMM  KOHLAMH  —
«rpy303axBaTHbIE XOMYTBI» (puc. 1).

JIOCTOMHCTBOM 3TUX HPUCHOCOOJIEHUN sABIsSETCA
BO3MOXHOCTb ux MIPUMEHEHHS ISt
TPAHCHOPTHPOBAHUS TOPSIYUX T'PY30B, OTCYTCTBHE
HE00X0IMMOCTH IIPUMEHEHUS HOJKIIAJIOK,
IOPOKJIAJOK IpU YKJIaJKe Ipy3a B Ky30B BaroHa
(umm  aBTOMOOWJISI), @  TaKXKe  IPOCTOTa
KOHCTPYKLIMU TpuctiocoOienus [1].

[Iynkrom 221 [1]

HCIIOJIB30BaHHUC

periaMeHTHpYeTCst
«CHenHaIbHbIX CTpOIIOB
(TpaHCIOPTUPYIOIIHUX, MAaKETUPYIOLIUX ),
IPUMEHSEMbIX KaK «OJJHOpa30BbIe» He Oojee, ueM
Ui 5 Teperpy3oK MakeToB JJIMHHOMEPHBIX I'PY30B
TpyO,
OJHOM pabo4yeM IMKJIE OT W3TOTOBUTEIS 10

(MeTaimonpokara, MAJIOMATEPHUAIOB) B
KOHEUHOTO notpedutesns. B To ke BpeMsi MyHKTOM
129 BbIIEyKa3aHHOTO JIOKYMEHTa 3alpeliaercs
CTPOIIOBKA MAKETOB TPYO WM METaJIoNpoKaTa 3a
3JIEMEHTHI YIaKOBKHU (CKPYTKH, CTSKKH).

B  paccmarpuBaeMoM  ciydae  CTpOIMOBKa
JUIMHHOMEPHBIX TPYy30B TPOU3BOAMUTCS HE 3a
MIPOBOJIOYHBIE WJIU JICHTOUYHbIE MEPEBSI3KU MMAKETOB,
a C TIOMOIIBIO TpPaBEpPChl W TPYy303aXBaTHOTO
npoBoJIoYHOro npucnocodnenus (nanee I['TIIT) B
BUIE HECKOJIbKHUX

KOHICHTPUYICCKUX BUTKOB

IPOBOJIOKH, C(OPMHUPOBAHHBIX Ha  BS3AIbHBIX
MalIuHaX U CKPEIIEHHBIX CHapyXH. Yncao BUTKOB
npoBosokn u guamerp ITIII npuHMMaroTcs B
3aBUCUMOCTU OT 3aJaHHOU TI'PY30IOABEMHOCTH U
rabapuTOoB MaKeTa.

PaccmotpuM  pacder Hecymeld CmocoOHOCTH
ykazanHbIX ['TIII ¢ yderom ympyromiaacTu4eckoro
Harpy)XeHusi 1 TpeOoBaHUS 0€30MaCHOCTH IMPH UX
uCcnoap30BaHuu. OLEHKa TNPOYHOCTH IPOBOJIOK
['TIII

I/I3FI/I6aIOIL[I/IM HAIMpPsKCHUSM.

IIPOBOAUTCA 10 pacTAruBarOImum n

The advantage of these devices is the possibility
of their application for transportation of hot
cargoes, the absence of necessity to use lining,
linings when loading into a carriage body (or a
car body), as well as the simplicity of their
design [1].

Paragraph 221 [1] regulates the use of "special
slings (transport, stack), used as a "disposable”
for not more than 5 reloads of unitized loads of
long cargoes (rolled metal products, pipes,
lumber) in one operating cycle from the
manufacturer to the end user. At the same time,
paragraph 129 of the above-mentioned
document prohibits slinging of banks of tubes or
rolled metal products by packing elements
(twists, ties).

In this case, slinging of long goods is done not
by wire or band elements of the packing, but
with a traverse and a hoisting wire devices
(HWD) in the form of several concentric turns
of wire formed on knitting machines and sealed
from the outside. The number of wire turns and
the HWD diameter depend on the specified
capacity and the size of a package.

Let us consider the calculation of the bearing
capacity of these HWD taking into account
elastic-plastic loading and safety requirements
for their use. The assessment of wires strength
of the HWD is performed on tensile and

bending stresses.

http://bps-journal.

ru/ K]




&

g

o

- N4

Safetx of Technogenic and Natural sttems ‘ zm 7

—

/4 :
R | | i /

a

Puc. 1. OOmwmii BUJ CIeNUAIBHOTO IPy303aXBaTHOTO MPOBOJIOYHOTO IPUCIIOCOOICHMS:

1— nnMHHOMEpHBIN TPY3 B BUIE YETHIPEX 3ar0TOBOK; 2 — METaJUINUYECKHUE

CKpYTKH nakeTa 3arotoBok; 3 — ['TII1; 4 — yano4Hblil KPIOK TPaBEPCHI;

5 — ctpon TpaBepchl; 6 — AepeBsiHHAS MOAKIIAIKa

Fig. 1. The slinging scheme of metal workpieces with the hoisting wire device:
1— long goods in the form of four workpieces; 2 — metal twistings of a bundle of units;
3 — HWD; 4 — sling hook; 5 —traverse sling; 6 — wooden lining

B dpopmynax 1 noscHeHHSIX K pPUCYHKY IPUHSATHI
cliefylolmye O0O3HAaYeHUs: MaKCHUMaJbHBI Bec
nakeTa JJIMHHOMepHoro rpy3za — G; manuHa rpysa
— L; makcumanbHble TabapuThl rpy3a (IIUpUHA —
a, BbIcOTa — b); 1uamerp mapajjIeNbHbIX

KOHIICHTPUYECKHUX BUTKOB MPOBOJIOK
chopmupoBanroro ['TIIT — D; I'TIIT u3roroBneHo
n3 oToxoKeHHOW mpoBosiokn Mapku Ct.3kn I'OCT
380; nmamerp MpPOBOJOKM — O; BPEMEHHOE
CONMPOTHUBIIEHWE MaTepHualia MPOBOJOKU — Gy,
yucno I['TIII nng cTpOmoBKM makera — m; YHUCIO
BerBeit omuoro ITIII — n;
KOJINYECTBO BUTKOB MpoBOJioK B [TIHI — t; mus

NIpEOXPAHEHUS I'TIIT oT

Harpy»KeHHBIX

repepe3aHus
MIPEAYCMOTPEHBI IEPEBSIHHBIE TOJKIA/IKH.

VYceunue S B oxHoti Beteu [TIIT:
G

S = m, (1)
A€ 0 — YroJ MeXAy HarpyKeHHbIMH BETBSIMHU
I'TIII, o < 90°.
Jnmuua ButkoB npososiok ['TII:
1 = mD,

rae D— ucxonnsiii nuamerp [T

Fig. 1 presents a scheme of slinging of a
bundle of casting blocks using the HWD.

In formulas and in the figure legend the
following notations are used: the maximum
weight of a long cargo — G; the length of the
cargo — L; the maximum load dimensions
(width — a, height — b); the diameter of the
parallel concentric turns of wires of the HWD —
D; the HWD is made of Cr.3xn GOST 380
black wire; the wire diameter — §; temporary
resistance of the wire material — o,; the number
of HWD for a unit slinging — m; the number of
loaded legs of the same HWD — n; the number
of wire turns in the HWD — t; wooden lining
are provided to protect the HWD from cutting.

The stress S on the leg of the HWD:
G
S = m, (l)
where a is the angle between the HWD loaded
legs, a < 90°.
The length of the HWD wire turns:
1 = mD,

where D is the HWD original diameter.
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Jnuna nonoBuHsl BepxHen yactu BeTsu ['TIIT:
1-(a+2b)
= 2 y

OTKy/a

. 2a
a = 2 arcsin (1_(a+2b)). (2)

[ToncraBuB B (1) 3HaueHue o ¢ y4eTom, 4To N =

2; M =2, IOJIy4UM:
G

5= 4 cosarcsin——— (3)
1-(a+2b)
Torna paspsiBHOE ycuine npoBosiok ['TII
Fop =S-ks, 4)

rae k,— xoaddunuent 3amaca ['TIII (¢ yuetom
HarpeBa IMPOBOJOKK U BO3MOXXHOCTH MMOABEMA C
JMHAMUKOH k, IPUHAT paBHBIM 6) [2].

C y4€TOM IUIoIMaav MOICPEHYHOro0 CCUCHUSA
2

S
nyuyka nposoiok ['TIII, pasHoro nT-t

an:T'GB't' (5)
[TpupaBusB (4) u (5), onpenenrum HE0OX0AUMOE

YUCIIO BUTKOB IpoBOJoK B ['TIII:
4-Sk,
. 6

S ®)

IIpoBosIOKa OAHOrO BHUTKA 3aTpayuBacTCi Ha
ckperienue nyuka npososnok I'TIIT (puc. 1). Torna
pacyeTHOE YMCII0 PoBOJIOK B ogHoM I'TIIT t, =t +
1.

t=

HOI[CTaBI/IB B  BBIpaXXCHUA

3) n (5
YUCIIEHHBIE 3HAUYEeHUs MCXOMHBIX maHHbIX: G = 100
kH; L=12M;a=03M;b=04M; D=0,8 M;d =
0,08 m; 6, =
Ha BTOpOE, MOJYYUM 3HAUEHUE PACTATHUBAIOIINX
HAIPsKEHUH G, He npeBbimaroniee 50 Mlla [3].

380 MIla; m = 2 u, pa3znenuB nepBoe

Pacuer M3TUOAIOIINX HaIpsKEHUH,
BO3HHMKAIOIIMX B IPOBOJIOKAX PaccMaTpUBAaEMOIO
Ipy303aXBaTHOIO YCTPOMCTBA, OCHOBBIBAETCS Ha
YTBEPKICHUH, MIEPBBII

3aroToBOK

4qTo IoABEM  IIAKETa

CIIOCOOCTBYET  TIEPBOHAYATHLHOMY
U3ru0y KakJI0W MPOBOJIOKH HAa KPIOKE TPaBEPCHI,
oTpeaenss, BO3HUKHOBEHHE B
MaTepuaie YIPYTOTIACTHYECKUX
nedopmaruii [4].

AJropuT™MOM pacuera,
aBTOpaMH,  MpeaycMaTpUBaeTCs

COOTBCTCTBCHHO,
IMIPOBOJIOK

MIPOBEJICHHOTO
orpesieNeHue
BEJIMYMH: M3TUOAIOIIEr0 MOMEHTAa B IMONEPEYHOM
CEUEHUM KaXKJIOW MPOBOJIOKH C YYETOM HayalbHOMU

U OCTaTOYHOM KpUBMU3HBI IIPOBOJIOKH CTpOIa,

The length of the top half of the HWD leg:
_ 1-(a+2b)
2

from which

2a
) @
Having put the value of a in (1) given that n =

2; m =2, we get:
S =

o = 2 arcsin (

G

4 cosarcsin

£ 3
1-(a+2b)

Then the breaking strength of the HWD wires
is
Fop =S-ks, 4)
where k, — the HWD safety factor (including
wire heating and the possibility of lifting with
the dynamics k. equal to 6) [2].
Taking into account the area of the HWD

. . §2
wires bunch cross section equal to HT “t

n82

FHp:T'GB't' (5)

Equating (4) and (5), let us determine the

required number of wire turns in the HWD:
4'Sk,

t = . (6)

8204
The wire of one turn is required for binding the

HWD wires bunch (Fig. 1). Then the estimated
number of wires in one HWD t, =t + 1.

Substituting in expressions (3) and (5) the
numerical values of the initial data: G = 100 kN,
L=12m;a=03mb=04m;D=08m;d=
0.08 m; 6, = 380 MPa; m = 2, and, dividing the
first by the second, we obtain the value of tensile
stresses o, which does not exceed 50 MPa [3].

The calculation of bending stresses in the
wires of the considered hoisting device is based
on the assertion that the first lifting of a bundle
of workpieces facilitates the initial bending of
each wire on the hook of the bar, defining,
respectively, the appearance of elastic-plastic
deformations in wire material [4].

The calculation algorithm performed by the
authors, establishes the value of the bending
moment in the cross section of each wire in
relation to the initial and the residual curvature

http://bps-journal.
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MOJISIPHOT'O MOMCHTAa HHCpLIUU MOICPCUYHOTr O

CCUCHUA IIPOBOJIOKM U 1/131"1/163}011[61"0 MOMCHTA,

COOTBETCTBYIOIIETO IOSIBJICHUIO B  IPOBOJIOKE
IJIACTUYECKUX nedhopmaruii; OCTaTOYHBIX
HalpsOKEHUH B TMPOBOJIOKAX B YOPYIod W
MIaCTUYECKOM 30HaX.

Oniopsl HOpMaJIbHBIX HaIlpsKEHUH,

BO3HUKaromux B mnpoBosnokax ITIII B pesynbrarTe
nedopmarui,
XapakTEepU3yKT HAJIWYME HANpPSHDKEHWM CXaTus B
MONIEPEUYHOM CEYEHUH MPOBOJIOK.

AHanu3 pesyabTaTa pacueTroB Aedopmaruii
u3ruba rpy3oHecylieil BETBU MPUCIIOCOOJICHUS U

YIPYTOIUIaCTUYECKUX

SMIOP HOPMAJIBHBIX M OCTATOYHBIX HAMPSDKEHUNA B
ee IpoBoJIoKax Oe3 ydera pacTsokeHus (npu
Harpy)>KeHUH | pa3rpy3Ke) mokaszal cleayroliee:
KPUBHU3HA TPOBOJIOK CTPOIA IPH MATUKPATHOM
Harpy>K€HUU yBeJIMYuBaeTcs, npumepHo, ot 0,0025
mo 0,0249 1/mm, B TO ke BpeMs 3HAYHUTEIHLHO
YMEHBIIAETCS  PaJUYC KPUBU3HBI
npoBoiok (ot 0,4 m 0 0,041 M), 6maronaps yemy
YBEJIMYMBACTCSI MOBEPXHOCTh KOHTAKTa MPOBOJIOK

OCTAaTOYHOH

I'TII c xprokoM TpaBepchl. IDTO CHOCOOCTBYET

IIOBBIIIICHUIO npeacia
ITPOBOJIOK, CHMKCHUIO KOHTAKTHBIX HaprI)KeHI/Iﬁ n
pocty
«OJTHOPA30BOT'O» IPy303aXBaTHOT'O YCTPOMCTBA.

[To pe3ynbTaraM MpPOBEACHHBIX HCCIECIOBAHHIA
NPE/JIaraloTCsl MPAKTHUECKUE PEKOMEHJAIUH IO
0€30MacHON  JKCIUTyaTallid  paccMaTpUBaeMOro
I'TIIT:

1. lo Hayama mnogbemMa TIpy3 JOJKEH ObITh

TEKy4ecTH Marepuaa

HaJCKHOCTH u JOJIIOBECYHOCTH

HaJeKHO OOBSI3aH B TAKET CTAJIBHOW JICHTOW (HE

MeHee ATU MEePEeBSI30K, PaBHOMEPHO
PAacIIOIOKEHHBIX MO JUIMHE MaKEeTa).

2. JIns coxpanenuss ¢opmbl BerBu [TIII u
PaBHOMEPHOTO paclpeiesieHusl Harpy3ku cpeau
JJIEMEHTOB HEOOXOJUMO CKpPEHHUTh IPOBOJIOKU
I'TIII He MeHee, yeM B TpexX MeCTax MSATKON
MpoBOJIOKON muameTpoMm 1,5-2,0 MM (B KaKaom
MeCTe HE MEHee YEThIpeX 000POTOB MPOBOJIOKH).

3. llpu wm3roroBnenun [TIII Ha Bs3ambHOU
MalIuHE M0CJI€ HAMOTKH pacyeTHOr0 YUCIIA BUTKOB
IPOM3BECTH OOPE3Ky MPOBOJOKH M 3aKPYTUThH €€
KOHIII BOKPYI' IIydyKa C KOJMYECTBOM BHUTKOB HE

Mmenee 3 (puc. 1).

of the wire sling, and the polar moment of
inertia of the cross section of the wire and the
bending moment corresponding to the
appearance of plastic deformations in the wire;
residual stresses in wires in elastic and plastic
zones.

Normal stresses shape in the HWD wires in the
result of elastic-plastic deformations mean the
presence of compressive stresses in the cross
section of the wires.

The calculation result analysis of the bending
strains of load-carrying leg of the device and the
shape of normal and residual stresses in its wires
without taking into account stretching (at
loading and unloading) showed the following:

the curvature of sling wires at five-time
loading increases from about 0.0025 to 1
0.0249/mm, at the same time, the curvature
residual radius of wires reduces significantly
(from 0.4 m to 0.041 m), thereby the contact
surface of the HWD wires with the traverse
hook
improvement of the wires material yield stress,

increases. This contributes to the

reducing contact stresses and increasing the
reliability and durability of "disposable™ hoisting
devices.

According to the results of the conducted
research, practical recommendations for the safe
operation of the considered HWD are proposed:

1. Before lifting, a cargo must be securely tied
in a package with steel tape (at least five times,
evenly spaced along the length of the package).

2. To maintain the shape of the HWD leg and
uniform load distribution among the elements it
IS necessary to seal the HWD wires in at least
three places with a soft wire of 1.5-2.0 mm in
diameter (each place at least four turns of the
wire).

3. In the HWD manufacture on the knitting
machine after the winding of the calculated

t 2
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4. Ilpuy moapeMe ¥  TPAHCIOPTUPOBAHHH number of turns it is necessary to cut the wire
JUIMHHOMEPHOI'O TIpy3a HE [OIyCKaThb pPa3BOpOTa and twist the ends around the bundle with at
rpy3a B BEPTHKAJIbHOM W  TOPU3OHTAIBHOU least 3 turns (Fig. 1),
ILTOCKOCTSAX. 4. When lifting and transporting long goods it
5. Hcnonbsosath KOHKPETHOC T is necessary to prevent a reversal of the cargo in
paspemacTcsa TOJIBKO JIIsL OAHOTO IHaKkera

JUIMHHOMEPHOTO T'py3a.

6. OOmiee KOMTUYECTBO MOABEMOB IMAKETa TPy3a
HE JOJDKHO TIPEBBINIATH 5, 4YTO HEOOXOIMMO
OTpa3uTh B TEXHOJIOTMYECKOW KapTe Ha yKa3aHHBIC

MOTPY304YHO-PA3TPy30YHbIE PAOOTHI.

bubaunorpaguyecknii cnucoxk
1. O6 yrBepxkaenun PenepanbHbIX HOPM U

MPaBHII B obriactu MIPOMBIIIICHHON

6e3omacHOCTH «IIpaBuna 0e3omacHOCTH
ONAaCHBIX IPOM3BOJICTBEHHbIX OOBEKTOB, Ha
KOTOPBIX UCTIONB3YIOTCS MO/TbEMHBIC
COOpYXeHMs» (C M3MEHeHusMU Ha 12 amnpens
2016 rona) [DnexTponHslii pecypc] : [Ipuxa3 Ne
533 or 12.11. 2013 ®DenepanbHON CIYXOBI 1O
9KOJIOTHYECKOMY, TEXHOJIOTHYECKOMY u

aTOMHOMY Haja3opy // OnekTpoHHbIH (oHx

IIPaBOBOM 51 HOPMaTUBHO-TEXHUYECKOU
UHpOpMaLIUH. — Pexxum J0CTyIna :
http://docs.cntd.ru/document/
499060049/

2. XanbduH, M. H. Bnusinne

BBICOKOTEMIIEPATYPHBIX BO3JIEHCTBUI Ha PHUCK

9KCIUTyaTaIiu MOJITbEMHBIX KaHaTOB /
M. H. Xansdpun, A. A.Kopotkuii, / BectHuk
JloHckoro roc. TexH. yH-Ta. — 2013. — Ne -

2(70-71). — C. 112—-117.

3. Xamp¢pun, M. H. Hecymas cmocoOHOCT
CHeLHaTbHBIX I'PY303aXBaTHBIX MPUCIOCOOIEHUH
/" M.H.Xanme¢pun wu gp. //

TPAHCIIOPTHBIE U CTPOUTENIbHbIE CUCTEMBI: HayKa

IloabemHoO-

Y UHHOBAIIMH: MEXBY30BCKUN COOPHUK HAYUHBIX

TpynoB. — Hoouepkacck : IOPTIIY (HIIN),
2016. — C. 205-209.
4. Xanmppun, M. H. Onenka Hecymei

the vertical and horizontal planes.

5. The usage of one HWD is only permitted for
a single package of long goods.

6. The total number of lifts of a unitized load
must not exceed 5, which should be reflected in
the sheet for these loading and unloading works.
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