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YkicHi mwaxTHi Konmpu € HaiBignmoBiTaNbHiIMMM cnopyaamMu maxTHOI moBepxHi. Ha
NMOTOYHMIT MOMEHT TipHHY0400yYBHOI rajy3i cnocrepiracrbcs 301IbIIEeHHS] TJIMOUMHU IIAXTHUX
crBoJiB 10 1200... 1300 M, mo npu3BoaUTH 10 30iIbIIEHHsI BUCOTH YKicHUX KonpiB 10 60—70 m,
a TaKOXK 10 3POCTAHHA AWHAMIYHUX HABAHTAXKeHb. Y 3B’A3KY 3 IUM, AJf rapaHTyBaHHS
0e3neKH KOHCTPYKIiil IaXTHUX KONPIiB HeoOXigHe YTOUHEHHS] HAABHMUX IH)KeHEPHUX METOAUK
PO3paxyHKy IIAXTHHX YKiCHMX KompiB. Y po0oTi HaBedeHO pe3yJbTaTH TeOPETHYHMX,
eKCIepUMEHTAJIBLHUX J0CTiIKeHb aBTOPIB, a caMe — MaTeMaTH4YHe MO/IeJTIOBAHHS HANpy:KeHOo-
Ae()OpMOBAHOIO CTAHY BY3JiB OMUPAHHSA HANPAMHMUX IIKIiBiB KOHCTPYKUil paMHHUX HIAXTHHUX
KONpiB. 3a MaTeMaTHYHOIO0 MO/JEJIOBAHHA BCTAHOBJIEHO. 3aKOHOMIPHOCTI po3mOIiTy
MicleBUX HAMNpy:KeHb, XapaKTePHUCTUKH AUHAMIYHUX Hampy:KeHb AJsl NepeBipkHM BTOMHOI
MIIHOCTi MiAMKIBHUX KOHCTPYKUIil, oniHeHO pecypc BY3JiB 00MUPAHHSA HANPSIMHMX IIKIBiB
3a BTOMHOI10 MinHicTio. [IpoananizoBaHo BTOMHY MIIIHICTh KOHCTPYKIi PaMHOI0 IIAXTHOTO
KOnpa 0araTOKaHATHOI0 MiIiiOMHOI YCTAHOBKH, 30KpeMa, BY3JiB OONUPAHHSI HANPSAMHHUX
IIKIiBiB. AHali3 NpPOBOAMBCA HAa PO3PAXyHKOBil Mogeni, 0 CKJIAZA€TbCAd 3 IUIOCKHMX i
NPOCTOPOBUX CKiHYEHHHMX eJeMEHTIB pealli30oBaHOI B cepeAOBHINI NMPOrpaMHOr0 KOMILJIEKCY
“Ansys Workbrench 14.0". ¥V pe3yJbTaTi YHCJIeHHUX eKCIIEPUMEHTIB y MiIMIKIBHUX pamax
MOJIYHIATPOBOI0 KOMPa OTPHMAHI: 3aKOHOMIPHOCTI PO3MOAiTY MicleBHX Hampy:KeHb Mg
ONMOPHUMM MiAIIMIHUKAMYU HANPSIMHUX LIKiBiB, BCTAHOBJIEHI MapaMeTPH HANPYKEHOT'0 CTAHY
NnpHu 3MiHi TEXHOJOrYHUX i KOHCTPYKTHMBHHUX YMHHHMKIB, BCTAHOBJIEHI XapakTepHi o0saacti
3MIiHHUX Hampy:KeHb, BHKOHAHHH aHaJi3 HaNpyxeHO-1e()OPMOBAHOIO CTaHy 3a il
AMHAMIYHMX HABAHTA’KEHb, BU3HAYEHI XapaKTepUCTUKHU HMKJIB JMHAMIYHMX Hampy:KeHb. 3a
XapaKTepUMCTHKAMM LIMKJIB BUKOHAHI NMepeBipky BTOMHOI MIIHOCTi 32 TPHLOMAa MeTOIMKAMU:
CHulI 11-23-81 * (n.9.2 *), IBH B.2.6-163 (m. 1.11.2) i EN1993-1-9-2009 (n. 8). 3arasom
OTpUMAaHi pe3yJIbTATH € OCHOBOIO I/ BIOCKOHAJEHHS iH/KEHEPHHUX METOAUK PO3PAXYHKY
cTaJleBUX KOHCTPYKIiH IIAXTHUX YKICHUX KOMPiB.

KarouoBi cioBa: maxTHuii paMHMii yKiCHMH Komep; HiAIKIBHI KOHCTPYKIii; BY30J1
ONMUPAHHA HANPSIMHOTO MIKIBA, HANPYKEHUH CTaH; MicleBi HANIPYKEeHHS, AaHAJIi3 MIl[HOCTI.
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The paper comprises theresults of the analysis of the fatigue strength of the framed shaft
headgear structures, among them a multiple-rope hoisting plant, resting nodes of guide
pulleys. The analysis was carried out on the design model consisting of flat and spatial finite
elements within the software complex “Ansys Workbrench 14.0". From the numerical
experimentsthe typical ranges of alter nating stresses wer e fixed in the sub-pulley frames of the
semi-hipped headgear; the analysis of the stress-defor med state under dynamic loads was
carried out; the behavior of the dynamic stress cycles was found out and on its base the fatigue
strength was tested by three techniques: the Building Code 11-23-81* (point 9.2*), the Building
Code B.2.6-163 (point 1.11.2) and EN1993-1-9-2009 (point 8).

Key words: frame sloping shaft headgear, sub-pulley structures, guide pulley resting
unit, strength analysis, stressed state, local stresses.

Statement of problem. Steel shaft headgears are welded structures taking over intensive
concentrated dynamic loads because of hoisting rope tension [6]. A unique feature of the framed shaft
headgear is the construction form of the elements of the sub-pulley frames, which are spatial sheet box-
type structures, are not shafts conceptually. At the design idealization these construction eements
approximate by the shaft finite elements, the static equivalents of dynamic loads caused by the hoisting
rope tension were taken into account. So, this design does not allow diagnosing the zones of local stress
distribution, the characteristics of the dynamic stress cycles which are necessary to test the fatigue strength.
Thus, the normative engineering techniques of designing shaft headgears are not quite accurate and require
improvement.

Theearlier investigations. In[4] they carried out the numerical analysis of the stress-deformed state
of the main bearing elements of the framed sloping shaft headgear with the help of two finite element
design model in the form of the shaft and lamellar approximation of the elements, its main conclusions
being the following: 1) the comparison of the design results of the main and reduced stresses of two design
models (the shaft and lamellar approximation of the elements) did not reveal any significant discrepancies
for the elements: the stay leg branches, the vertical tower bodies, the stay leg beams, the vertical tower
beams; for the main beams of the stay leg and sub-pulley frames they revealed significant deviations 82-
167 %,; at the approximation of these structures by the shaft finite elements they abtained the qualitatively
incorrect results; 2) the elevation of the reduced stresses in the sub-pulley structures on the lamellar design
model over the analogous stresses on the shaft design model is due to the available zone of local stresses
in the resting nodes of the guide pulley bearings.

In [5] there was carried out the analysis of the stressOdeformed state of the guide pulley nodesresting
on the sub-pulley structures. This analysis was carried out on the design model consisting of flat and
gpatial finite elements under static loading. They revealed the typical ranges of local stress distribution in
the resting nodes of the guide pulleys. For the range of local stresses under the base of the supporting
bearing; under the “abnormal” combination of loads the conditions of strength by the tangential and
reduced stresses (ored/1.15Ryyc = 1.1; tmax/ 0.58Ryyc = 1.1) are not fulfilled.
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In [4] and [5] they received the results under the equivalent static loading. Due to this the parameters
of the dynamic stress cycles in the problems under consideration were not determined. Because of the
pronounced dynamic character of the loads caused by hoisting rope tension [6] it is necessary to determine
the characteristics of dynamic stresses in the sub-pulley structures to test their fatigue strength.

The investigation is concerned with the sub-pulley structures of the skip semi-hipped framed
headgear under operating conditions.

The sub-pulley structures of the framed sloping headgears are to support the guide pulleys. By the
construction diagram the sub-pulley structures under consideration are a frame with slant legs. A girder
and slant legs of the frame are made of the welded double tee. The guide pulley bearing rests on the frame
upper chord. At the site of resting horizontal and vertical stiffening bars are provided for fixing bolts of the
guide pulley supporting bearing.

The investigation techniques. The investigation of the stress-deformed state of the structures were
pursued in three stages:

Stage 1. Modeling of the stress-deformed state of sub-pulley structures on the spatial design model
approximated by the lamellar and volume finite e ements within the software complex “ Ansys Workbrench
14.0" [7].

On modeling the guide pulley node resting on the sub-pulley structures was considered as a
mechanical system consisting of three subsystems.

Subsystem 1. a geometrically stable system of the construction elements of the sub-pulley frame and
mounting hardware of the guide pulley supporting bearings (see Fig. 1, a).

Fig. 1. a — subsystem a — a sub-pulley frame; b — subsystem 2 — a guide pulley, supporting bearings;
¢ — subsystem 3 — a boom hoisting cable, a guide pulley, a vertical branch of the hoisting cable, a vessel

The sub-pulley structures were considered as the attached ones with regard to the boundary
conditions of the elastic interaction with the rest part of the structure. The interaction was modeled by
fixing the sub-pulley frames with the help of the resilient flexing linkage which is equivalent to rigidity in
the conjunction nodes of the sub-pulley structures, the main sloping beams and the pillar. The interaction
of the base of the guide pulley supporting bearing and the stop frame and wedges was modeled by the
“one-sided contact” in compression.

Subsystem 2: a guide pulley, a shaft, a guide pulley bearing were modeled by the volume finite
elements in accordance with their geometry.

The pulley-shaft interaction was fulfilled in such a way that the pulley would have the kinematic
degree of freedom corresponding to rotation in the supporting bearings (see Fig. 1, b).

Subsystem 3: “ cable-hoisting vessels’ — consisting of the following elements: a boom hoisting cable;
a vertical branch of the hoist cable and a hoist vessd (see Fig. 1, a). Cables were modeled in the form of
resilient members characterized by rigidity equivalent to the axial rigidity of hoisting cables. The mass of
the hoisting vessdl and the hoisting cable branch was considered as the reduced one at the end of the
vertical resilient member.
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Stage 2. Modeling of the dynamic behavior of the loads of the haisting cable tension was carried out
in the following way (see Fig. 2): the concentrated forces found out from [6] were attached to the

concentrated reduced mass of the hoisting cable and vessel of the 3" subsystem.

Fig. 2. The design scheme of the subsystem “ pulley-
cable-hoisting vessdl” : a —the reduced mass of the vessel
and cable; b —the variable concentrated force which
results from the vessel vibration; ¢ —a proper weight of

the sub-pulley structures and guide pulley

Stage 3. Fatigue strength testing. The analysis of the fatigue strength of the guide pulley resting
nodes was carried out by three engineering techniques: the Building Code 11-23-81* (point 9.2*), the
Building Code B.2.6-163 (point 1.11.2) and EN1993-1-9-2009 (point 8).

Findings. The numerical modeling resulted in the parameters of the stress-deformed state of sub-
pulley structures: principal stresses (o1, 62), reduced stresses (creq), Normal stresses (o, cy), and tangential
stresses (1.y) With regard to the dynamic constituent of the hoisting cable tension load. The obtained results

aregivenin Table 1.

Table 1
o N o )  red o T o 1/ Znorm Zred/ Tnnx-/
Max 1, Max r norm max, max. max

Node component MPa MPa Mpa Mpa MPa . max! 1.15 0.58
Ryvc Ryyc Ryyc
Flange -27.2 91.39 62.5 -59.9 32.8 -04 0.26 0.24 0.25
Wall -66.9 0.001 58.56 | -64.6 33.8 0.001 0.28 0.21 0.25

Weld joints of

bearing block stop -29.1 6.9 158.2 | 101.1 70.6 -0.24 0.43 0.59 0.52

The analysis of the stress-deformed state of the structures of the upper and bottom sub-pulley frames
resulted in the following typical ranges of alternating stresses: “A1” is a flange of the resting node of the
pulley bearing (under the frontend face of the pulley bearing); “A2” is a wall of the resting node of the
pulley bearing (under the frontend face of the pulley bearing); “A3" are weld joints of the front block stop

of the pulley bearing (see Fig. 3).

b

Fig. 3. Thetypical ranges of alternating stresses. a—"“ 41" is aflange of the resting node of the pulley bearing;
b—-“A2" isawall of the resting node of the pulley bearing; ¢ —“ A3" areweld joints of the front block stop of the

pulley bearing
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Analysis of the typical ranges of aternating local stresses resulted in the following characteristics of
the cycles: the maximum (S max, Tmax) @nd minimum normal and tangential stresses of a cycle (S min, Tmin); the
coefficients of asymmetry of the cycle stressesr = Sin/Smax; the range of stresses of the cycle (s, t,) and
the average stresses of the cycle (s, T.).

On the base of the abtained characteristics of the cycles the fatigue strength was controlled with the
help of three techniques (see Table 2).

Table 2
. Typical ranges of alternating stresses
Type of fatigue strength control p 9 9
Al A2 A3
1 i - _ *
Bw_ldmg Codell-23-81 is not met is not met ismet
(point 9.2*)
Bw_ldmg CodeB.2.6-163 is not met isnot met is not met
(point 1.11.2)
EN1993-1-9-2009 (point 8) isnot met is not met isnot met

According to the given results for the pulley resting node of the multiple-rope hoisting plant the
fatigue strength condition is not met, that paints to a necessity of taking into account the dynamic behavior
of loads when designing sub-pulleys structures of the sloping shaft headgears.

Conclusions. The numerical experiment in the components of the guide pulley resting node resulted
in the establishment of the character of the stress-deformed state under the static and dynamic components
of the load of the hoisting cable tension. At the point of the supporting bearing attachment in the girder
chord the investigation revealed a plane stress-deformed state (omux1/omax2 = -0.4). In the girder wall the
stress-deformed state was close to the linear one (6max1/6maxe = -0.001).

The analysis of the stress-deformed state of the main components of the guide pulley resting nodes
established the following typical ranges of the alternating stresses: “A1” — in the flange of the resting node
of the pulley bearing (under the frontend face of the pulley bearing); “A2” in the wall of the resting node
of the pulley bearing (under the frontend face of the pulley bearing); “A3" is a near-joint range of welded
joints of the front block stop of the pulley bearing.

For the specified ranges we found out the behavior of the dynamic stress cycles (the maximum
stresses of the cycle omax, the minimum stresses of the cycle omin, the average stresses of the cycle 4., the
amplitude of stresses of the cycle o,, the asymmetry parameter of the cycle of stresses) and tested the
fatigue strength with the help of the techniques from [1, 2, 3] which showed that in the range of local
stresses Al, A2, A3 thefatigue strength is not secured. Thus, the structural form of the resting nodes of the
guide pulleys of the headgears equipped with the multiple-rope above-ground hoisting plants is not perfect
and the components of these nodes are to be enhanced.

1. CCCP, LUTII Toccmpos, 1991. CHull 11-23-81*. Hopmwer npoexmuposanus. Cmanvhbie
xoHcmpyxkyuu. Mockea: 6. n. 2. Minpezionoyo Ykpainu, 2011. JIFH B.2.6-163. Hopmu npoexmysannsi,
suecomosnents i moumagncy. Cmanesi xoncmpyxyii. K.. 6. un. 3. Munucmepcmeo apxumexmypvl u
cmpoumenvcemea  Pecnyonuxu  Benapycy, 2010. EN1993-1-9-2009. [Ipoexmuposanue cmanbHuix
xoncmpyrkyui Yacme 1-9. Yemanocmnas npounocms. Munck. 6. n. 4. Kywenxo B. H. 2012. Ananus
HANPANCEHHO-0eOPMUPOBAHHO20 COCMOANUSL V3108 ONUPAHUSL HANPAGIAIOWUX WKUBO8 HA NOOWKUGHBIE
KOHCMPYKYUU WAXMHO20 YKOCH020 Konpa. Memanesi koncmpyxyii, 18(2), pp. 97-109. 5. Kywenxo B. H.,
2011. Awnanuz HanpsicenHo-0eghopMUpOBaHHO20 COCHOSHUSL OCHOBHLIX HECYWUX INEMEHIMO08 DAMHbIX
VKOCHbIX waxmuwlx Konpos. Memanesi xouncmpyxyii, 17(3), pp. 151-165. 6. Kywenxo B. H. 2003.
DKrcnepumenmanbHoe Uccied08anie OUHAMUYECKO20 NOBEOeHUs KOHCMPYKYULL WAXMHBIX KONpos. BicHuk

21



JIAFBA, 2(39), pp. 46-52. 7. B. A. bypsixa, B. @. E. C. H. I'. U. A., 2010. Huoicenepnviii anaruz ¢ ANSys
Workbrench: yue6. nocob. — Camapa: Camap. 2oc. mexw. yH-m.

References

1. USSR, TSITP Gosstroy, 1991. SNiP 11-23-81 *. Design standards. Steel construction. Moscow: b.
n. 2. The Ministry of Foreign Affairs of Ukraine, 2011. DBN B.2.6-163. Norma proektivanna,
vigotoviennya i installation. Seel constructions. Kiiv: b. n. 3. Ministry of Architecture and Construction of
the Republic of Belarus, 2010. EN1993-1-9-2009. Design of steel structures Part 1-9. Fatigue strength
Minsk: b. n. 4. Kushchenko, VN, N. A., 2012. Analysis of the stress-strain state of the nodes of the bearing
of guide pulleys on the pile structures of the shaft lashing headlight. Metal constructions, 18 (2),
pp. 97-109. 5. Kushchenko, VN, N. A., 2011. Analysis of the stress-strain state of the main bearing
elements of frame lateral shaft pilers. Metal constructions, 17 (3), pp. 151-165. 6. Kushchenko, V. N.,
K. A S, 2003. Experimental investigation of the dynamic behavior of designs of mine rigs. Bulletin
DDABA, 2 (39), pp. 46-52. 7. V. A. Buryak, V. F. E. S N. G. A. A,, 2010. Engineering Analysis in Ansys
Workbrench: Proc. benefit.. Samara: Samar. State Tech. Un-t.

22



