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Results of studies for the modernized equipment of a pipelayer
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Relevance and purpose of the work. Vertical and horizontal swings of a pipeline leading to an uneven distribution of its mass and, as a result, the
loss of stability of a crane-pipelayer itself is a problem of modern engineering, which has no unambiguous solution today. This paper gives an op-
tion of improving the design of an additional support for a pipe-layer’s boom. The proposed solution allows to increase evenness of laying a pipe
and increase the stability of the pipelayer in its operating mode. The result can be achieved by using some additional elements to the design of the
pipe-layer’s boom support.

Methods. The strength calculation of the proposed design using the existing method is quite time-consuming. To determine the critical stresses,
strain values and maximum displacements in the design, the Solid Works software was used.

Results and their discussion. The proposed design involves connecting a support with a cargo boom. The support consist of a hydraulic cylinder and
a metal base used to fasten a cylinder to the support by means of a bearing type-connection. To confirm the performance of the proposed technical
solution, the dependencies are presented, which are based on the design scheme of the pipelayer working equipment. Calculated dependencies
allow determining the amount of load for the pipelayer.

Conclusions. The results of theoretical studies conducted in the Solid Works software product are presented graphically and show stresses, dis-
placements and deformations in the boom design of the machine for laying the main pipeline. Additionally, as a result of research, the value of the
safety factor in the design of the pipelayer boom support has been determined. The diagrams of equivalent stresses, strain values, safety factor and
possible displacements in the design of the modernized equipment enable us to draw a conclusion on the performance of the proposed design of
the pipelayer boom.

Keywords: pipelayer, pipeline construction, road-building machines, major pipeline, pipelayer boom, work equipment.

ntroduction
A pipelayer is a road construction machine used in the construction and repair of pipelines (GOST P 52079-2003.
Wrought iron pipe for major gas pipelines, oil pipelines, and product pipelines. Enacted 2002-01-01. Moscow, 2005. 32 p.)[1].
The pipelayer is a crane with a side boom. The ability to lift the same load by the pipelayer at different boom inclinations is not
constant. According to its main purpose, the pipelayer is subjected mainly to external vertical loads applied to its load hook; these
loads include a weight of a single-part rigid cargo or the weight of a raised elastic section of the laid pipeline [2]. The second vari-
ant of the external load is complex since it depends not only on the elevated pipeline but on the shape of its deflection as well [2].
The movement of the pipelayer along the roughs (as well as inconsistent actions of operators during group work of machines
with a common load) leads to the fact that the shape of the pipeline deflection in the vertical plane constantly changes; the mass
of the raised section between the machines is redistributed [3]. In other words, if during work with a single-part rigid cargo, the
load on the working equipment is constant and depends only on the weight of this load and while working with a pipeline it is
variable, as it depends on many constantly changing technological factors and, above all, on a transitory weight (pipeline param-
eters) (Fig. 1) [2].
In orgder to ensure the safety of work for laying the pipeline, it is proposed to improve the design of equipment.
Purpose of the research
When working, the load on the work equipment often does not correspond to the load capacity of a machine. In this case,
there is a danger of tipping over of the pipelayer [1]. One of the solutions to this problem is to install a support which is mounted
on the main pipelayer boom (Fig. 2) [3].
Materials and methods of the research
The crane with a side boom (pipelayer) has the ability to lift the same load in a number of options for the boom lifting is not
constant. In the position of the boom close to the vertical, the pipelayer is able to lift a load of greater weight than with an increase
of working radius, due to the possible tipping of the machine towards the load [2].
To determine the hook load of the pipelayer, the following calculation was made [4]:
1. Trench parameters;
2. Minimum number of pipelayers when performing a working operation.
Trench height (k)
h,=08+D,
where D, is the diameter of the pipeline.
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Figure 1. Technological scheme of pipeline construction.
PucyHok 1. PacyeTHo-TexHonorn4yeckasa cxema yknagku Tpyoonposoaa.

L
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Figure 2. Pipelayer boom equipped with support. 1 — support; 2 —
hydaulic cylinder; 3 — hydraulic cylinder of support extension. Figure 3. Stresses and loads that effect on the boom.
PucyHok 2. CTpena Tpy6oyknaguuka, ocHaueHHas onopoi. 1 —  PucyHok 3. Cunbl peakumu 1 Harpysku, AeNCTBYIOWME Ha CTpeny.
onopa; 2 — rmapouUMnNuHApP; 3 — rMAPOLMINHAP BbIABWXEHUS OMOpbI.

Trench width
B =15D,

The optimal distance between suspension points (Fig. 1) of the pipeline is calculated by the formulas

EIh Elh EIh Elh
I = 2,465 —, [, =1,224/—, I, =1,22—=, I, =2,46,/—=,
q q q q

where EI is rigidity of the laid pipeline; g — weight of 1 meter of the pipeline; &, , - height of lift of the pipeline (b, = h,, h, =h_+0,5).
The load on the pipelayers (Fig. 1) was determined by the formulas [4]

K 21 1l K 21 1l K 11 2l
=q|—1+—1L |, K,=q|—-L+—1,|, =q| —L+—1, |
1 q 3l 22 q 3 23 3 q 23 3

The analysis of the results obtained in determining the loads at the points of suspension of the pipeline with the cargo charac-
teristic of the pipelayer TG-124 (depending on a hook radius), allowed us to conclude that there is an actual load equals to 93742
N on one of the suspension points, which does not correspond to the carrying capacity of the pipelayer equal to 67 000 N with
the hook radius of 3.96 m [1].

Load capacity of the pipelayer TG-124
py3oBas xapakTtepucTuka Tpyboyknaguuka TIr-124

Hook radius (from the left edge of rolling OVEr) .........oiiiiiiiii e 1.5 25 3.5 4.5 5.6
Load capacity with counterweight and stability coefficient 1.4 tons ... 12.5 10.9 7.6 5.75 4.6

The boom design of the upgraded pipelayer consists of two parts, the main boom and additional support interconnected by
anon-rigid binding [4]. A distinctive feature of the design is that the boom support is made in the form of an overhung hydraulic
cylinder, which is pivotally connected to a shoe [4, 5]. As a hydraulic cylinder, it is proposed to use a hydraulic cylinder from the
standard series 55111-8603010 [3].

Fig. 3 schematically reflects the boom of the pipelayer equipped with the support; actual reaction forces of the supporting
surface and the loads while laying the pipeline in a trench are indicated [6].
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Figure 4. Left section of the structure.
PucyHok 4. JleBasi YacTb KOHCTPYKLIUM.
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Figure 5. Right section of the structure.
PucyHok 5. lNpaBas 4acTb KOHCTPYKLMK.

To determine the values of reactions R, , R, , R and R, it is necessary to divide the hinge B, having considered the equi-
librium of each of the parts and making up ‘theforce balance equation (Fig. 4, 5). As a result, new reactions R, and R, appear in

the hinge pivot B (Fig. 5).

To determine the value of unknown forces, three force balance equations are formed:

- sum of forces about the X axis;
- sum of forces about the Y axis;
- sum of moments about the A point [7, 8].

ZF;X :RAx +RBx =0,
ZFtY =RAy +RBy _Qrp =0,

D M, =4,12R, ~4,5R, ~3,96Q, =

(1)

The force balance equations are formed: the sum of forces about the X axis; the sum of forces about the Y axis; the sum of

moments about the point B; the sum of moments about the point C [9, 10].

ZEX = _RBx _RCx =0,
ZEY =RCy _RBy =0,
D M, =4,8R, +2,9R, =0,
D M, =-4,8R_ +2,9R, =0,

From the formula (2)

RBx = _RCX
From the formula (3)
R, =R,.
From the formula (4)
4,8R_
°" 29

Substituting expressions (5) and (6) into the formula (1) the reaction was found R _:

48R,
4,12+ 4,5R, ~3,96Q, =
2,9

The resultant force of reactions R, and R, arising in the hinge pivot is equal to:

2 2
R, =R +R; .
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Bending moment in the hinge pivot axis [10]

where N - cross-sectional bending force, kN; a is the distance from a rod end to the loading point, cm.
The minimum torque of resistance of the cross profile of the axis [11]
M
W o= 1,
0,1mR

where m — condition load effect factor; R - design resistance of round rolled steel, MPa.
The diameter of the axis is determined by the formula [12]

d = 310w .

For further calculation, it is necessary to check the axis for section. You can do this using the formula [4, 13]

L <mR
nn(d 14) v

where n_ - the number of sections of the axis n_ = 2; R - section resistance, MPa.

Research results and their discussion

In the Solid Works environment, some theoretical studies have been carried out aimed at determining the strength charac-
teristics of the proposed design of the pipelayer boom with additional support [4, 14].

Strengthening studies were carried out in the following sequence [7]:

1. Specity the material and determine the type of boom mounting and the boom of the hydraulic cylinder (fixed hinge pivot;
soil exposure on the support - fixed geometry).

2. Set the load (load is directed along the rope downwards; a cylindrical figure as the rope model installed in the rod ends of
binding of the hook block; an operational force is directed to the surface of this figure with the opposite direction).

3. Build a grid on a solid body dividing the model into smaller segments.

4. Perform calculation [14].

Fig. 6 shows a curve reflecting the result of theoretical studies aimed at determining the equivalent stresses in the structure.
Minimum stress values in the structure are 0.257 Pa; maximum stress values in the structure - 2.63 - 10° Pa.

The conducted studies have allowed us to determine the areas of accumulation of maximum stresses in the structure of the
support for a given load equal to 12 tons [14, 15]. Studies have shown that the maximum stress does not exceed a permissible limit
of material plasticity [3].

Fig. 7 shows a curve reflecting the result of theoretical studies aimed at determining movements in the design of the pipelayer
boom support [11, 14]. Studies have shown that the minimum displacement values in the structure are 0 mm, maximum values
-4.62 mm.

Theoretical studies aimed at the study of displacements made it possible to determine the places in the support structure with
possible displacements of structural details. It has been established that maximum displacements are concentrated in the place of
attachment of the additional support to the hydraulic cylinder [11]. Possible movements in the structure can be prevented either

by increasing the number of bolted joints or by increasing fasteners [16].
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Figure 6. Study of the stresses in the support structure of the pipe- Figure 7. Study of motion in the support structure of the pipelayer

layer boom. boom.
PucyHok 6. UccrneqoBaHue HanpsiXeHUI B KOHCTPYKUuM onopbl  PucyHok 7. MUccnepoBaHue nepemMeLleHuid B KOHCTPYKLUU onopbl
cTpenbl Tpy6oyKnaguuka. cTpenbl Tpy6oyKnaguuka.
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Figure 8. Study of deformations in the support structure of the Figure 9. Study of the safety factor in the support structure of the
pipelayer boom. pipelayer boom.
PucyHok 8. UccnepoBaHue gecdopmaumini B KOHCTpyKUuMM onopbl  PucyHok 9. UccnemoBaHue 3anaca NpPoOYHOCTU B KOHCTPYKLUM
cTpenbl Tpy6oyknaguuka. onopbl CTpesnbl TPy6oyknagumka.

Fig. 8 shows a curve reflecting the result of theoretical studies aimed at determining the amount of deformation in the struc-
ture of the boom support [4, 17]. When a load of 12 tons is applied, the minimum amount of deformation in the structure is 1.93
- 107 mm, the maximum - 5.8 x 10* mm.

Studies aimed at determining the deformation made it possible to determine the places of possible deformations of the pro-
posed structure of the pipelayer boom support. Studies allowed us to conclude that the critical values in the simulation of possible
maximum load capacity in the nodes of the equipment do not occur [4].

Fig. 9 shows a curve reflecting the result of theoretical studies aimed at determining the factor of safety in the structure of the
boom support [4, 15]. The minimum safety margin is 1.6, and the maximum safety margin is 4.76.

Studies of the factor of safety allowed us to establish the strength characteristics along the entire length of the proposed de-
sign, as well as to determine whether the structure is able to withstand the specified loads characterized by the FOS safety factor.
In order for the load to withstand the specified loads, the safety factor should be more than 1, and therefore the details in the
design should be made with a safety factor more than 1.5.

Conclusion

In the course of the research, calculated dependencies were obtained to determine the forces in the nodal connections. The
obtained formulas allow us to calculate the load change from the mass of the pipe laid in the trench. It was found that the resulting
stresses and displacements in the design of working equipment do not exceed critical values. The conducted strength calculation
made it possible to conclude that there is a sufficient safety margin for the design of the working equipment of the pipelayer.

Application of the pipelayer with additional support can reduce the amount of equipment used when laying a pipeline. The
proposed design of the boom support will allow increasing evenness of laying a pipe, increase the stability of the pipelayer and
significantly secure the pipeline construction process.
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Pe3yAbTaThl ICCAEAOBAHMIT MOAEPHU3MPOBAHHOTO OOOPYAOBAHMSI
TPYOOYKAAAUYMKA

Maeen AnekcaHgpoeuy KOPYATUH,
AHTOH BopucoBuu JIETOMNOJIbCKUN™,
WpuHa AnekceeBHa TETEPUHA™

Cnbupckuin rocyaapcTBeHHbIN aBTOMOBUIBLHO-A0POXHbIN yHUBepcuteT (Cu6AN), Poccmsa, Omck

AKTYAALHOCTL M €A PA6OTBI. BepTuKaAbHbIE M FTOPUBOHTaALHbIE KOAeDaHMs TPYGOMNPOBOAA, MPUBOASILIME K HEPABHOMEPHOMY PACMPEAEAEHMIO ero
MaccChl M, Kak CAEACTBUE, K MOTepe YCTOMUYMBOCTM CAMOTO KpaHa-TpyOoyKAaAUmMKa, — MpobAeMa COBPEMEHHOTO MALIMHOCTPOEHUS, HE MMEIOLLAsi OAHO3-
HAYHOTO PEIIEHMsI HA CETOAHSIWHUMA A€HDb. B cTaThbe MpPeACTaBAE€H BapMAHT COBEPLIEHCTBOBAHMSI KOHCTPYKLIMM AOTIOAHUTEALHOM OMOPbLI CTPEABI TPYOOY-
KAAAYMKA. [TPEANOIKEHHOE TEXHUHECKOE PELIEHME MO3BOASIET YBEAUUMTD MAABHOCTL YKAAAKM TPYObI 1 MOBLICUTL YCTOMYMBOCTL TPYOOYKAAAYMKA B paGoyem
pexume. PesyAbTaT AOCTUraeTCst MyTem AODABAEHMSI AOTIOAHUTEALHLIX SAEMEHTOB B KOHCTPYKLIMIO OMOPbI CTPEAbI TPYOOYKAAAUMKA.

Mertoapl. [TPOYHOCTHOM pacyeT MPEeAAaraeMoin KOHCTPYKLIMK CYILECTBYIOIMM METOAOM AOCTATOYHO TPYAOEMOK. AAsl OMPEAEAEHUs KPUTUYECKUX Harpsl-
SKEHWIA, BEAVYMH AehOPMaLIMM Y MAKCUMAALHLIX NMepeMelleHnii B KOHCTPYKLIMM UCMOAL30BaH MPOrpaMmHbIi MpoaykT SolidWorks.

PesyAbTatel m ux obcyskaenme. [IpEANOKEHHAST KOHCTPYKLMSI MPEATIOAAraeT COEAVIHUTDL C IPY30BOVi CTPEAOI OMOpY, COCTOSILLYIO M3 TMAPABAMYECKOTO
LIMAMHADA U METAAAMYECKOM OCHOBDI, MCMIOAL3YEMYIO AASI KPEMAEHMS LIMAMHAPA K OMOPE C MOMOLILIO GOATOBOTO COEAVHEHMsI. AAs OATBEPXKAEHMSI Pa-
60TOCNIOCOBHOCTY MPEANOKEHHOTO KOHCTPYKTOPCKOrO PELIEHMsI MPUBEAEHBI 3aBUCMMOCTY, COCTABAEHHLIE HA OCHOBAHMM PACHETHOM CXeMbl paboyero
060pyAOBaHMsI TPYOOYKAQAUMKA. PacyEeTHbIE 3aBUCHMOCTH MO3BOASIIOT OMPEAEAUTL BEAMUMHY HArpy30K, AEACTBYIOWMX HA TPYOOYKAQAUMK.

BoiBoABI. Pe3yAbTathl TEOPETUYECKMX UCCAEAOBAHMI, NMPOBEAEHHLIX B NMporpammHom npoaykre SolidWorks, npeactaBaeHbl rpachmiyeckn U oTpaskarot
HarnpspkeHWsl, MepPeMeLLEHNs M AePOPMALIMM B KOHCTPYKLIMM CTPEADLI MALIMHDI AASl YKAQAKM MArMCTPAALHOTO TPYOOMPOBOAA. AOMOAHUTEALHO B PE3YALTA-
T€ VICCAEAOBAHMII YCTAHOBAEHA BEAMYMHA 3araca MpPOYHOCTU B KOHCTPYKLIMM OMOpPbI CTPEALbl TPYOOoyKAdAumKa. [peACTaBAE€HHDIE SMIOPLI SKBUBAAEHTHDLIX
HarpspKeHUM, BEAVUMH AechopmaLinm, KOS MLIMEHTA 3araca MPOYHOCTY M BO3MOXKHLIX MEPEMELLEHMI B KOHCTPYKLIMM MOAEPHU3MPOBAHHOTO 0OOPYAO-
BAHMSI AQIOT MPABO CAEAATD BLIBOA O PABOTOCNIOCOBHOCTH MPEAAArAEMON KOHCTPYKLIMM CTPEALI TPYOOYKAAAUMKA.

KatouyeBble cAroBa: TPYBOYKAAAUMK, CTPOUTEALCTBO TPYOOMPOBOAA, CTPOUTEALHO-AOPOXKHBIE MAWMHDI, MArUCTPAALHLIM TPYOOMPOBOA, CTPEAA TPYOOYKAAA-
4unka, paboyee 06OpPyAOBAHME.
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