MINING MACHINERY AND EQUIPMENT

SCIENTIFIC ARTICLE HAYYHAS CTATBA
UDC 622.013.364 VIIK 622.013.364
DOI: 10.56195/20793332_2024_5_130_135

DEFINING WORKING PARAMETERS OF CONVEYOR-TYPE PIPE FEEDING
SYSTEMS FOR TRENCHLESS PIPELINE INSTALLATION AND MINING

V. Anishchenko
Robbins HDD®, USA

Abstract: Analyzing the lab and job site testing data related to friction and clamping interaction between rubber compound-lined track-type
conveyors and steel pipes in pipe feeding systems used in trenchless construction the article gives insight into major engineering principles behind
the distribution of forces and reactions inside conveyor-based pipe feeding systems with axial force over 200 tons and discloses the relation be-
tween the parameters of the pipe and working characteristics of the continuous pipe feeding system. The research allowed to define the necessary
clamping force developed by a 200-ton machine, maximum achievable friction factor consistent with the strength of steel rubber-coated conveyor
plates and the ability of the most popular pipes used in trenchless industry to withstand the radial loads communicated by rubber-coated pads of
the pipe feeder.
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ONPEQENEHUE PABOYUX MAPAMETPOB KOHBEMEPHbIX CUCTEM
NOAAYM TPYE NI BECTPAHLLEWHOIO TPYG0NPOBOAHOIO
CTPOMTENbLCTBA U CKBAXKUHHOW OBbIYMK
NOJIE3HbIX UCKOMAEMbIX

B. Anuwenxo
bByposas komnanus Robbins HDD®, USA

Annomauus: TlpuseneHbl pe3yabTaThl Ja0OPATOPHBIX MCIBITAHUN M TI0JEBOTO TECTUPOBAHMUS TYCEHMUYHBIX KOHBEWepoB
¢ OOpe3MHEHHBIMU METANTMYECKUMU TUIACTUHAMU U1 HETPEepbIBHOM OCEBOI IOAAauM CTaJbHBIX TPYO KOHBEEpHOTO THIIA,
HCTIOJIb3YeMbIX B OCCTpaHIIIEITHOM CTPOUTENIbCTBE. BhIMOTHEHHBIC MCCIeIOBAHMS TalOT MpeaCcTaBIeHe 00 OCHOBHBIX MHKEHEPHBIX
MPUHLMMAX, JeXAIIUX B OCHOBE pacipeneeHus YCWIMI U peaklidii BHyTPU KOHBEMEPHBIX CUCTEM MOIa4Yu TPYO ¢ OCEBBIM YCUIUEM
oosee 200 TOHH, a TaKXKe PACKPHIBAIOT B3aMMOCBSI3b MEXIY IapaMeTpaMu TpyObl M pabOYMMM XapaKTePUCTUKAMU CHCTEMBbI
HeIpepbIBHOM Mmoxavyu Tpyo. McciaenoBaHust O3BOIMINM ONPENEIUTh: HEOOXOAMMOe paauaibHoe ycuine, co3naBaemoe 200-ToHHOM
MaIllMHOI; MaKCUMaJbHO MOCTMKUMBIN KO3(POUIMEHT TPEeHMSI, COOTBETCTBYIOIIMI MPOYHOCTH CTaTbHBIX KOHBEUEPHBIX TUINAT
C PE3MHOBBIM TTOKPBITUEM; CIIOCOOHOCTh Haubojee MOMYJSPHBIX TPyO, MCIOJb3YeMbIX B OECTpAHILCHON TPOMBIILICHHOCTH,
BBIACPKMBATh PaiaibHblEe HATPY3KU, MiepeJaBaeMble OOPE3MHEHHBIMU IJIACTUHAMU TOJIKATENs TPYO.

Karouesvie caosa: TpeHUe U paaualbHbIC YCWINS, TYCEHUYHBII KOHBeliep ¢ 0Ope3MHEHHBIMU METANTMYECKUMHU TIACTUHAMMU,
CUCTEMBI OCEBOI Mojavyu Tpyo, paaualibHOe ycuiaue, KoahGUIUEeHT TpeHusl, OecTpaHILeitHas TEXHOJOTUS MPOKJIaaKu TpyO

Jlas yumuposanusa: AnuneHko B. OnpeneneHue pabourx napamMeTpoB KOHBEMEPHBIX CUCTEM MOJa4Yu TPyO 1151 OeCTpaHIIeiHOTO
TPYOOIIPOBOIHOTO CTPOUTENBCTBA U CKBAXXKUHHOM JOOBIYM MOJE3HBIX UCKOMAaeMbIX. Mapkuwetioepusi u nedpononvzosanue. 2024. No5.
C. 130-135. https://doi.org/10.56195/20793332_2024 5 130_135.

Introduction existence of a large number of modifications of these devices and

Over the course of their long history drilling, mining and | patents for their design, as well as related technologies, prove
pipeline industries set multiple objectives related to the design | the importance of finding the answer to the question of the most
of devices for axial translocation of pipes and cables. Various | optimal design of a pipe pusher and its maximum operating
companies have solved these problems in different ways and the | parameters.
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Materials and Methods

On the 21 of October 1970 J. Ray McDermott & Co., Inc,
New Orleans, LA filed a patent for a PIPE TENSIONING
APPARATUS [1] (pipe feeder), which had aseries ofindependently
driven traction wheels located radially around the pipeline. Such
pipe tensioning devices have been used in line to feed pipelines and
cables from pipeline ship decks to the sea bottom along with other
types of pipe feeding systems. See picture 1.

Picture 1. Pipe tensioners (sometimes referred to as pipe feeders):1-Invented
by Ottmar Diehl in 2006; 2-Invented by Andrew Harrop, Ludovic Lacan, Martin
Pierre, Paul McMillan in 2018, 3- Invented by Edwin J. Dressel,

Warren A. Petrie, Clarence W. Shaw, Janis Grinbergs, John Isakson, Martin
Adams in 1972; 4- Invented by Joop Roodenburg, Terence Willem August,
Wehmeijer, Den Haag in 2011
PucyHok 1. YCTpOICTBA ANA HATSHKEHUS TPYO (MHOTAA Ha3blBaeMble
ycTpoiicteamu nogaym Tpy6): 1 - 3o6peteHo OTTmapom Junem B 2006 rogy;
2 - \306peTeHo Inapto Xapponom, Jllonosukom JlakaHom, MapTuHom Mbepom,
Monom Makmunnasom B 2018 roay; 3 - 1306peteHo dasuHom [Ix. [ipeccenom,
YoppeHowm A. Metpu, Knapencom V. Loy, Aunc Mpunbepre, [koH cakcoH,
Maptun Agamc B 1972 ropy; 4 - iso6peteno Moonom Pyaen6yprom, TepeHcom
Bunnemom Asryctom, Bexmeitepom, len Xaarom 8 2011 rogy

Similar patents for pipe tensioning devices were filed between
2005 and 2018 [2-4]. These pipe tensioners or pipe feeders for
marine industry and horizontal directional operations were built
with tracks, not wheels. The most popular conveyor-based pipe
feeders, which were built for horizontal directional drilling by the
Dutch company Van Leeuwen [5] are capable of the maximum
axial thrust of 130 tons even for pipelines of large diameters: see
Picture 2.

If a pipe feeder should be used in HDD, it should be
commensurate with the thrust force of an HDD rig [6]. The
necessary thrust force of a horizontal directional drilling rig used
for construction depends on the diameter and wall thickness of the
pipeline, length of the crossing, drilling trajectory and geological
conditions in the formation [7,8].

The most popular drilling rigs used for HDD trunk pipeline
crossings range between 150 and 400 tons. The cylinder driven pipe
pushing devices (Pipe Thruster by Herrenknecht, Pipe Pusher by
Prime Drilling and MTS) used to communicate additional axial force
in pipe pulling operations and emergency situations when the steel
pipe gets stuck in the drill hole and needs to be salvaged by pulling
out of the hole from the pipe side range between 300 and 750 tons
(see picture 3). In extremely complicated projects two 750-ton pipe
thrusters are used in line with each other to pull or push one pipeline
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with the combined axial force of 1500 tons. The most cylinder driven
pipe pushers have been effective, but they are heavy, require extremely
complicated foundations, cannot feed the pipeline continuously
stopping the clamping unit to reverse it every 3-4 meters of the pipe.
Every time the pipeline stops, it is necessary to overcome static friction
and the thrust force diagram shows peak values every time the pipe
starts moving whereas conveyor-based pipe feeding systems do not
need to waste time on reverse motion and require less thrust reserve
offering better control of the face pressure.

Picture 2. Pipeline pressure device with endless conveyor members for use
during a horizontal directional drilling process by Gebr. Van Leeuwen Harmelen
B.V. (published in 2010)

PucyHok 2. Tonkatenb Tpy60npoBoa ¢ 66CKOHEYHbIMU KOHBEEPHbIMU
371eMeHTamMu 118 UCMOMb30BaHMS B MPOLECCE FOPU30HTANIbHO-HANPABNEHHOr0
OypeHuns, pazpaboTaHHoe komnaHueii BaH JleseH XapmeneH b.B.

(ony6nukosaro B 2010 ropy)

Picture 3. Cylinder based pipe thruster produced

by the German company Herrenknecht since 2006
PucyHok 3. [loTanknsaresib TpY6 € LUAUHAPAMM, BbINYyCKAeMblii

HemeLKoin komnanuen Herrenknecht ¢ 2006 roga

Due to relatively small thrust force of conveyor-based pipe
feeders they are rarely used in big pipeline operations, as it is nec-
essary to use too many small pipe feeders to match at least a 500
ton pipe pusher of the cylinder type [9]. Hence, it is necessary to
increase the possible thrust force of single conveyor-based pipe
feeder to use two 250 ton pipe feeders instead of 4 smaller units.

The difficulty of designing and building a 200 or 250 ton con-
veyor-based pipe feeder resides in the necessity to achieve a for-
midable clamping force for maximum friction between the pads
of the pipe feeder and the surface of the pipe. It is clear that the
necessary compression for achieving thrust beyond 250 tons will
break some of standard steel and plastic pipes and the device will
not be universal for all pipes. But it is possible to build a machine
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with adjustable clamping force [10,11]. Hence, it is expedient to
conduct research activities in the direction of the achievable fric-
tion and maximum clamping pressure on the pipe [8,12].

In 2024 Universal HDD built a 200 ton continuous pipe feeder
capable of intermittent 250 tons at maximum hydraulic pressure [13]
See picture 4. The patent was granted to Vasily Anishchenko in 2022.

Proceeding from the necessity to keep balance between friction
and clamping force, it is necessary to analyze how continuous
conveyor-based pipe feeding machines interact with pipelines
at maximum loads. A pipe feeder should not compress pipes to
exceed the yield point of their steel. To calculate the most effective
radial force of the pipe feeder and in order to follow the conditions
of the above mentioned balance, it is expedient to calculate the
applicable clamping pressure and prove the applied calculation
methods by communicating maximum clamping pressure to
various pipes. Proceeding from permissible clamping pressure and
friction factor measured in the lab for various types of pads, it can
be possible to determine the maximum achievable thrust force.
The primary objectives of the research should be set as follows:

1. Calculate critical radial forces related to various pipeline
diameters and wall thickness, which can be pushed by a conveyor-
type continuous pipe feeder with tracks of a certain length and a
particular rubber-covered pad area for clamping the pipeline to
achieve an axial force of 200 tons or more;

Picture 4. Pipe feeding device built by Universal HDD in 2024
PucyHok 4. YCTpOICTBO AN nojayn Tpy6, NOCTpoeHHoe komnaHuert Universal
HDD B 2024 rony

2. Define if the theoretically calculated clamping forces
are commensurate with achievable friction forces between the
conveyors and the pipe on a special lab stand;

3. Run practical tests on real pipes applying maximum
clamping pressure on the pipe installed inside a conveyor-type
pipe feeding system.

As the cylinder type 750 ton Pipe Pushers have been in use
since 2005, the necessity to analyze critical forces for buckling and
longitudinal compression of pipelines is not relevant. Axial pipe
pushing technology proved its effectiveness over the years of use,
but the compression of various pipelines by 4 track conveyors has
not been analyzed yet.

It important to define the theoretical compression force
applicable to various pipelines before experimenting with friction
of pads on the pipe.

Pictures 5 and 6 describe the load schematics for the pipeline
compressed between 4 conveyors. The pipeline is pressed between
four sets of pads, which, communicate axial load simultaneously
with the radial load. The pipeline is not filled with any gas or liquid,
so it does not have any pressure inside. Hence, we can calculate the
critical clamping force using finite element analysis.
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Picture 5. X-sectional view of the pipe and pressing pads: ermissible pressing
force (F1); diameter (D); wall thickness (W) of the pipeline of certain steel and
the width of the pads (B)

PucyHok 5. TlonepeyHblii pa3pe3 Tpy6bl C NPUN0XKEHHON pafuanbHoOil
Harpyskou: onyctumoe ycunue npuxatus (F1), guametp (D), TONWMHA CTEHKM
(W) Tpy60onpoBoAa U3 ONPeAENeHHOM CTali U LNPUHA NPWKIMHbBIX MNacTuH (B)
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Picture 6. Side view of the pipe / PucyHok 6. Bug Tpy6bl CO0KY

Results

In order to calculate the critical clamping force for a pipeline
using finite element analysis, let us assume that the pipeline has
in infinite length. In this case fixing the ends of the pipe is of no
importance [14,15]. The elongations and shifts in the pipe in this
case should not be considered. It means that every section of the
pipe in the region of the applied force is deformed in identical
patterns. Thus, the critical pressure for the pipe can be defined
from the equation bellow:

_ (n?-1)EI
n = R3

[12] (M

Taking into consideration that the fundamental functions for
this critical load would be v=sing; w=-ncoso,
where n- number of radial waves;

FE — steel elasticity module;

I — moment of inertia of the ring;

R — ring radius.

As the pipe is not a ring and it is bent along its length due to
buckling, the critical force for a pipe can be calculated from the
following equation [14,15]:

En[(BE )4

mim 2 n 2
DR [(T) +(§) | _ 1 )
n2 or(mmT 2 N2 33
() +(7) 1
where m - the number of longitudinal waves (in this case m is
stipulated by the number of conveyors around the pipe);

I - the length of the conveyor in contact with the pipe.

The results of theoretical calculations of critical clamping
force for pipes of various diameters and wall thickness for two
different steel types taking both compression and bucking into
consideration are set forth in table 1:

9, =
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Table 1/ Tabauya 1
Steel Pipeline Compression Analysis /
Ananu3 Tpy6onpoBojoB Ha cXaTue

12”Pad | 14”Pad | 16” Pad 22” Pad
Pipe Dia | Pipe Wall | gritical Critical | Critical i
Critical Force
Force Force Force

Critical Force = force required (Tons) to induce Yield Stresses
Based on x80, Sy=80,496 psi

20” 0.276” 453 1,500 NA NA
20» 0.787” 2,195 3,352 NA NA
28» 0.354” 319 227 261 NA
28» 0.827” 1,011 1,156 1,329 NA
32» 0.354” 171 306 203 2,202
32» 0.827” 810 927 1,056 5,152
40» 0.394” 208 151 240 529
40» 0.827” 624 663 722 1,149
48» 0.472” 379 281 171 343
48» 0.827” 493 522 595 756
56» 0.630” 263 442 390 367
56» 0.827” 407 527 520 557

Critical Force = force required (Tons) to induce Yield Stresses
Based on x100, Sy=94,275 psi

20” 0.276” 531 1,757 NA NA
20» 0.787” 2,571 3,926 NA NA
28» 0.354” 374 266 306 NA
28» 0.827” 1,184 1,354 1,557 NA
32» 0.354” 200 359 237 2,579
32» 0.827” 949 1,085 1,237 6,034
40» 0.394” 244 177 282 620
40» 0.827” 731 776 845 1,346
48» 0.472” 444 330 201 401
48» 0.827” 577 611 697 886
56» 0.630” 308 518 457 430
56> 0.827” 477 617 609 653

It should be noted that only two diameters were used for convex
surfaces to have only two types of pads for all applicable diameters.

The designed pipe feeder is equipped with 16X6 inch cylinders.
The cylinders are of equal length and hold the conveyors at
45 degrees to vertical and horizontal axes. The calculation for F1
from picture 4 is drawn in table 2. The calculations are based on
generally acknowledged principles of hydraulics [16]:

Table 2 / Tabauya 2
Calculation of force F1 from picture 5 for 4000 PSI /
Pacuet cunbl F1 (cM. pucyHOK 5) ¢ faBneHuem B LMAMHApaX
4000 chyHTOB HaA KBAAPATHbII QLM

Parameters Designation | Dimension Meaning
Bore diameter of the cylinder D in 6,00
Pressure inside the cylinder P psi 4.000,00
Force developed by one cylinder Fcyl. Ibs 113 040,00
Force developed by 4 cylinders F 4 cyl. Ibs 452 160,00
Force as indicated in diagram F1 Ibs 339 120,00

The results of the calculation show that not all pipes can be
clamped with maximum pressure, but if confirmed in a practical test,
the results can be used as a guideline to choose the correct pipeline
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for adequate necessary axial force. It means that not all pipes can be
pushed with maximum pushing force of the pipe feeder. This leaves
the question of correct friction factor open. It is indispensable to
make sure that the friction factor is sufficient to prevent slipping
between the surfaces of the pipe and the pads. In order to calculate
the necessary friction factor, it is necessary to use the sum of clamping
forces of any two conveyors at 90 degrees to each other projected on
one plane. The forces developed by all opposite cylinders should in
this case be considered reactional. The sum of clamping forces of
two groups of cylinders at 90 degrees to each other projected on a
single plane is 904 320 Ibs, which is 411 tons. This means that the
friction factor considered while engineering the compound for steel-
rubber plates for a 200 ton pipe feeder should exceed 0.5 [17]. Hence
the technical solution for achieving the maximum friction factor
and not damaging the pipe while clamping and pushing at the same
time is a certain priority.

The balance between clamping forces and the necessary friction is
essential for the design of any pipe feeding system. The paradox and
the key point of the technology is the correlation between the hardness
of rubber measured by durometer on the scale from 0 to 100 and the
friction factor. The results of lab experiments proved the possibility
to achieve the friction factor over one, but in this case the durometer
showed figures below 30 on its scale. The rubber or polyurethan
compound with this hardness applied to steel base does not hold
the shear force necessary for 200 tons axial force. When the rubber
compound durometer is raised to 90, the compound proves very strong
and holds all loads, but the friction factor is below 0.4. It is impossible
to theoretically predict the exact correlation between the properties of
the rubber compound and achievable friction in various conditions.
So the processes of developing the pipe feeding technology proved it
indispensable to stage a lab experiment determining the dependence
between the properties of rubber compound and friction. In order
to mimic the working conditions of the system, real-size pads were
installed into the frame of a hydraulic press with two perpendicular
cylinders. One cylinder stood for clamping and the second cylinder
worked as a substitution for friction. The simulation of the pipe surface
was represented by a semi-circular polished steel plate. The laboratory
test stand is shown in picture 7.

The test had to show which materials could be used for the
pads and which friction factors can be developed as a result of
experiment. It is understandable that polyurethane is more dura-
ble than rubber when it comes to compression, it is cheaper than
rubber, and considering the formidable clamping force developed
by the pipe feeder it certainly looked like the most preferrable
material for the high-power pipe feeding system. On the other
hand, its friction factor on steel and plastic surfaces can be low-
er. Picture 8 shows the results of measuring the friction factor
between the surface of the pipe and various types of polyurethan
and rubber.

It should be noted that the experiment showed that all rub-
ber pads with durometer below 70 and all polyurethan pads with
durometer below 60 failed to hold the shear load of 200 tons
divided by the number of pads in contact with the pipe at any
moment of time. It means that only pads with durometer 70
for polyurethane and 80 for rubber. The test results show that
the friction factor with polyurethane pads is in conflict with the
friction factor requirements set forth above. Hence only rubber
pads can be considered with compounds of durometer 80 and
90. As the rubber compound with durometer 80 holds the shear
load and offers the highest friction factor, it should be consid-
ered the best match for the pipe feeder structure despite its high
price.
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Picture 7. Test stand for measuring the strength of rubber pads
and friction factors

PucyHok 7. VicnbITaTeNibHbIA CTEH AN U3SMEPEHUs NPOYHOCTM

06PE3NHEHHbIX MPVKUMHbIX MAACTUH U KO3 ULMEHTA TPEHUS
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Picture 8. Durometer-Friction factor dependence for rubber and polyurethan
PucyHok 8. 3aBUCUMOCTY KO3(DhULMeHTA TPEHUS OT TBEPAOCTN NS PE3UHbI
11 nosmypeTaHa

Discussion

All results of calculations and lab tests can only be
considered trustworthy if proven by maximum load tests on
actually produced machines. The results of pad clamping-shear
tests can be trustworthy for a single pad, whereas the critical
clamping forces should be tested on real pipes. The design of
the first Universal HDD pipe feeder was based on theory and
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results of lab tests, but after it was assembled, two pipes were
purchased and subjected to maximum load test at 5000 psi for
the duration of 5 minutes. Picture 9 shows the pipe feeder at
maximum load at 5000 psi with a 40 inch pipeline with 0.827”
wall thickness. The pipe held the load the rubber-coated pads
remained intact, which proved the correctness of all theoretical
calculations and confirmed the chosen approach to structural
analysis of the machine.

Picture 9. Pipe feeder of Universal HDD at factory tests in the shop
at Lake Zurich, IL
PucyHok 9. YcTponcTBo nofayu Tpy6 YHUBEPCANbHOIO XECTKOro AMCKa Ha
3aBOJCKNX UCMbITAHUAX B LieXe Ha 03epe Litopux, nnuxoiic

Conclusion

In conclusion it should be noted that both the structure of
the pipe feeder and the pipe could hold the calculated critical
force, it proved possible to develop the pipe feeding device and
apply to most popular steel pipes the formidable clamping force
necessary to develop the axial thrust exceeding 200 tons, which
is confirmed by tests on pipes clamped in an actual 200 ton pipe
feeding machine. The balance between friction and clamping
force can be achieved with rubber-steel pads with rubber
durometer 80 and friction factor 0.6. This research proves that
it is possible to use conveyor type pipe feeding machines along
with cylinder-based and rack and pinion pipe pushing devices
for the construction of trenchless crossings under natural and
artificial obstacles like rivers, hills, roads and railroads [18,7,19].
Several pipe feeding systems can be used along one pipeline in
pipeline installations for trenchless and marine industry, the new
equipment can be used for drilling evacuation galleries in mining
or for mining ores from large diameter drill holes. The use of
such powerful machines with micro tunneling equipment helps
operators to keep continuous pressure on the face and increase
tunneling speed.

The main advantage of such systems is their light weight and the
absence of the need to build massive foundations, the technology
allows the use of standard anchor solutions for HDD machines.
There is no need for a crane during the installation of a pipe
feeder with tracked conveyors, while a 150-ton crane is necessary
to install a cylinder-driven pusher and one clamping unit of this
machine without the main jacking cylinder weighs as an entire
conveyor-type pipe feeder. Therefore, the design and production
of a powerful continuous pipe feeder is a promising direction of
technological development in the mining industry.
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