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Experimental determination of belt conveyors artificial friction coefficient

Lech Gladysiewicz Robert Kréf, Waldemar KisielewsRiand Damian Kaszub4

The primary parameter determining the value of thgistance to motion of belt conveyor is the maisistance coefficient f also
referred to as the artificial or fictive frictionoefficient. This coefficient is primarily used falculating belt conveyor resistance to motion
accordingly to DIN 22101, PN-93/M-46552 and ISO &&andards. The f coefficient also allows to psgreate the quality of the belt
conveyor in terms of energy consumption of the dmiveyor drive. Motion resistance coefficients determined by measuring conveyor
coasting time and used as a reference for the amal\Buch measurements allow only for a genera mfethe energy-consumption of
conveyor drive mechanisms used in open cast lignitee. Further, the resistance to motion values afingle idler set were used to
determine main resistance coefficients for twoedfit belt conveyors. The first conveyor serveekimine the influence of idler type, belt
condition and upper idler set skewing on the maisistance coefficient. The second conveyor servekdmine the performance of an
innovative solution that comprises idler sets taatomatically adjust the trough angle in the tom.rfhe main resistance coefficient has
been shown to depend on belt loading degree.

Key words:resistance to motion, main resistance coefficiergasurement, belt conveyor, design solutions.

Introduction

The energy consumption level observed for mainedmechanisms of belt conveyors operated in Polish
open cast lignite mines may provide information the technological advancement level in belt conveyo
transportation. Various methods of calculating thain resistance and its individual components (\énee
2016; Munzenberger, 2016; Robinson, 2016; Moln&42 are known. One method for estimating a belt
conveyor’'s energy consumption level may be to mea#is main resistance coefficieht At PGE KWB
“Befchatéw” lignite mine, nine belt conveyors weested with the goal of establishing this coeffitieObjects
selected for tests included coal and overburderveymrs, as well as stationary and mobile types. fThe
coefficient was established on the basis of thevepor's coasting time (Soltysik, 1999). After theive
mechanism was disconnected, the belt conveyor jectgll to the resistance to motion and optionathec by
brakes — slowed down with constant negative acatder (deceleration). At that time, calculationsreve
performed on the basis of a relation:
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where:
g — acceleration of gravity, im/'s?
m,,— mass (reduced to translational motion) of thevegar’s all moving parts, ifkg
v, — belt velocity, inm/s
tsw— measured coasting time (slowing to standstilthe conveyor, irs
H,— lift (the difference between the elevation ofdhetation and tail station), in
C — non-dimensional concentrated resistance coeffi@ccording to standards
L — conveyor length, im
My — unit belt mass (converted to 1 running meterkgin
m,— unit transported material mass (converted tonhing meter), irkg
my — unit mass (converted to 1 running meter) of fotet parts in upper idlers, kg
mp — unit mass (converted to 1 running meter) oftiotel parts in lower idlers, ikg
0 — average slope angle for the conveyor’s routeqdior deg
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W, — force exerted by activated brakes (reducedattstational movement)

Such method for calculating the coefficient is potcise, yet it allows to compare belt conveyorgirig
various design features. The analysis of the regulsented in Table 1 shows that belt conveysgded and
constructed according to scientific and technicalidedge available in the 1970s have relativelyhregergy
consumption levels, much higher than modern lomsgadice conveyors, which offer resistance to motion
coefficients below 0.018. Importantly, the valudsnmain resistance coefficient shown in Table 1 gpol
the complete conveyor, both the top and bottom.runs

Tab. 1. The results of main resistance coeffidiem¢éasurements performed in PGE KWB ,Belchatowiemi

Mobile conveyors Stationary conveyors
coal overburden coal overburden
Loaded with | Not loaded loaded with Not loaded Loaded with Not loaded Loaded with Not loaded
mined with mined with mined material with mined material with
material mined material mined mined mined
material material material material
0.0230.030 | 0.0150.043 0.0210.040 0.0180.028 0.0210.024 0.0210.025 0.0290.031 0.0230.028

Such significant decrease of the resistance toamath modern belt conveyors is the result of much
research into new energy-efficient solutions fdtdand idlers. The analysis of the componentssistance to
motion in conveyor belts allows to indicate sevguabsibilities to improve the already existing ceyors
(Geesmann, 2001; Gladysiewicz et al., 2012; Krdl12® Antoniak, 2001; Antoniak, 2003; Golka, 2007;
Grimmer and Kessler, 1997; Jonkers, 1980; Lodewil@95; McGaha and Santos, 1997; Sickinger and,Noel
1996; Spaans, 1991). Such task requires identiffiegnfluence that some significant factors handh® value
of the main resistance coefficient. This was aalieby measuring the resistance to motion of indlstr
conveyorsn open cast lignite mines.

A team of researchers from the Faculty of Geoeraging, Mining and Geology at Wroctaw University of
Science and Technology developed an idea of detatimn of main resistance coefficiehbn the basis of
measurement of forces acting on single idler seindunormal operation. The idea required speciahsneng
frame which was developed and designed at the \Winothiversity of Science and Technology. The metbid
determination of main resistance coefficidntwith the use of measurement idler sdiows determining
resistance to the motion of a single idler set Whitlows to determine the coefficiehtvith known vertical load
Therefore this method is superior to a method using coagting. Moreover, a method using the coasting time
to determine coefficierftcan be affected by additional flaws caused bydneacy in determination of equation's
components or additional resistance caused byrttelaased brake.

Plant tests of the resistance to motion

Pilot tests of the resistance to motion of an uppkr set were performed in 2010 on conveyor Z12
(B2250) in PGE KWB Belchatéw mine (Gtadysiewiczagt 2010; Gtadysiewicz et al., 2011; Gladysiewatz
al., 2011). After the first tests, the measuremsgstem was adjusted to operational requirements.
The measurement method consisted in suspendingi@asurement idler sein force sensors with hinges, in
vertical and horizontal planes. Details of the rodthave been provided in (Bukowski et al., 2011kdduski et
al., 2011; Gladysiewicz et al., 2012; Krél, 2013pKet al., 2016). Over several years, the teste\werformed
on a special measurement frame, which was instadledthe route of an overburden conveyor having
the following parameters:

e conveyor length.=1200 m,

« lift H=12 m, average inclination angle 0265

e belt widthB=2250 mm,

e belt speed;=5.98 m/s,

e trough angle in the top ruxr45°

e three-idler upper set composedgP4x800 mm idlers,
e upper idler sel,= 1.2 m,

«  bulk density of the transported matetiat 1700 kg/m

The program for the first series of tests perforrmedonveyor Z12 (B2250) included taking measurdmen
on the upper idler set composed of three typesllefd. First, resistance to the motion was testedypical
(standard) upper idlers, which the mine operatadnfiany years, controlling only some of their stanat
parameters (radial run-out, bearing and sealinggdeanbalance, etc.) These idlers, accepted tendard type,
had never been tested for rotational resistance.stdndard idlers were fitted with ball bearingset$312 with
two-level film and labyrinth sealing. Laboratoryste of a groumf standard idlers revealed that their rotational
resistance without load is about 6 N, which ishia tipper range of requirements imposed by standRetent
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research indicates that idler rotational resistadepends on radial load, and therefore averagediaogd
resistance for the whole range of radial loads ¢t occur in operating conditions is an imporjaatameter
(Krél, 2013; Krdl et al.,, 2015). For standard idlethis resistance was 22.7 N. After the tests heen
performed, the idlers were qualified for moderriat The modernization included improving beariityrgs
and sealings as well as adjusting grease type @catipg requirements (operation in low temperajufsol,
2013; Krdl et al., 2015). The modernization allowtedobtain a radically lower rotational resistarioe upper
idlers in the whole range of loads (11.2 N). Thecdssed idlers had rotational resistance withoatl lat
an average of 2.5 N. The third type of idlers casgat upper idlers with polyurethane shell, manufiseat with
the improved bearing and sealing technology. Thasmements were performed for five separate top run
supports:

e 1.2 m spacing with standard idlers

e 1.2 m spacing with modernised idlers

« 1.2 m spacing with modernised polyurethane-covitieds

e 1.45 m spacing with modernised idlers

e 1.45 m spacing with modernised idlers and a skese¢d

One of the goals for the first series of tests wmsearch for optimal spacing for upper idlers amd
investigate the influence of idlers on the convéyoegsistance to motion. The skewing of the upglariset was
also considered in the tests, as an indicatiommpfirécise construction of the conveyor route (Barfd995).
Figure 1 shows a scheme of an idler set skeweglation to the longitudinal axis of the belt.
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Fig. 1. A schematic representation of a skewedsomeaent set (Krol, 2013).

Figure 2 shows the consolidated values of the mesistance coefficient as a function of belt logdior
five belt support configurations. Here, the maisistance coefficient is calculated from the measerg results
for the top run of the belt only.
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Fig. 2. Consolidated values of the idler set’s masistance coefficient as a function of belt ingdor conveyor 212 (B2250)
(Kisielewski, 2016).
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The analysis of the main resistance coefficientu@slmeasured for the upper idler set (Fig. 3) leads
the following conclusions:

- for standard idlers, the main resistance coefficienin the upper range of requirements imposed by
standards, above 0.026 (line 1),

e upon the installation of idlers characterised lgn#icantly lower rotational resistance (modernisdigrs),
the main resistance coefficient decreases and esaxthower range of requirements imposed by stdsdar
(lines 2 and 3),

< the skewing of the idler set causes the main @it coefficient to rise in the whole range of hadiding,
despite the usage of idlers with reduced rotatioesitance (line 4),

*  polyurethane-covered idlers — even though they maog#ernised bearing arrangements — generate thie mos
significant resistance to motion (line 5),

* increased resistance to motion in case of the petlyane idler set is caused by the increased gollin
resistance of the belt, being the result of cytladeformation processes of not only the pulley cobait
also idler coat (Knaul, 1997), which become mogmificant along with increasing idler load,

«  for conveyor Z12 (B2250), the increase of the upgler spacing from 1.2 m to 1.45 m results in ardase
in the value of the main resistance coefficientyomithin the range of minor loads (lines 2 and 3).

The measurements, the results of which are predeantéig. 2, were performed in uniform operating
conditions, in spring, at an ambient temperaturevéen 15 and 19C. The conveyor was equipped with
a standard St 3150 belt with the parameters showialble 1.

The next series of tests for conveyor 212 (B22583 performed on a special loop composed of 11ogecti
with different belt types (Table 2). The testedibéicluded three sections with the same type efgnefficient
belt: C1, C2 and C3. As the three belt sectiongdaonly in thickness and as the range of variatias limited
(between 28.2 and 29.1 mm), for the sake of furdralysis they were considered as one type, labelith
symbol C (Fig. 3). All belt sections used in theneeyor loop had similar design parameters and dgariestly
in respect of the rubber compound used in the covigre comparison was performed with a standargil50
belt as a reference sample. The belts moving onetbteset were identified using magnetic spliceogedion
system (Bukowski et al., 2011; Gladysiewicz andddewski, 2014; Gladysiewicz et al., 2013).

Tab. 2. Parameters of the tested belt types (Giadycz et al., 2012)

Standard belt A Energy saving belt B Energy
saving belt
c
Regenerated Regenerated
Belt designation A AR AR2W B1 B2 BR BR2W | B2w c
Length of belt 240.3 239.6 247.6 125.1 126.4 241.3 240.6 23%.7  .3748
sections[m]
Belt width [mm] 2235 2250 2250 2241 2245 2250 225( 225 2253
Belt thickness[mm] 27.7 29.6 29.6 28.7 28.4 29.6 29.6 27.8 28.2
Thickness of
carrying side cover 13.3 14.0 14 14.0 13.8 14.0 14.0 131 14.0
[mm]
Thickness of pulley 6.8 7.0 8.0 7.0 7.0 8.0 8.0 7.1 7.0
side cover[mm]
Cable diameter[mm] 76 76 76 7.6 76 76 76 76 75
Cable number 146 146 146 146 146 146 146 144 144
Cable pitch - i - 14.9 15.2 - - 14.9 15
Abrasion [mn] 100 131 138 78/84 72/86  145/84 121/83 73 89/54
[sog?]rAe] hardness 70 72 65 63/60 | 64/58|  74/70 69/69 65 61/61

Fig. 3 shows a comparison of main resistance aieffif measured for various belt types in an ambient
temperature of 10C. Symbol A designates the standard belt type S03@ommonly used in Polish open cast
lignite mines. Symbols C, B1 and B2 designate beftshe same strength class, but with covers mdde o
a special rubber compound characterised by low dammused to decrease the rolling resistance ofbtle
moving on the idlers (energy-saving belts). Sym¥blis used to designate the usage of special cowviths
reinforcements that increase the belt’s rip reststawhile symbol R designates regenerated bedts. (7).
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Fig. 3. Comparison of the idler set's main resista coefficient for various belt types as a functid belt loading, with an ambient
temperature of 10 °C and for conveyor no. Z12 (B3ZKisielewski, 2016).

The comparison of the results of the experimenfopered for conveyor Z12 (B2250) in PGE KWB
Belchatow allows for the following observations:

Within the range of belt loading= 0.2+0.4, the main resistance coefficient fortideted belts has minimal
values, the lowest resistance to motion is obsefwednergy-saving belts C, B1 and B2. Within theole range
of the investigated efficiencies and regardlesshef ambient temperature, the highest resistancaadtion is
observed for regenerated belts.

Further motion resistance tests were performed e donveyor Gbf 50 (B2000) used for overburden
transportation at Mibrag, a German open cast kgmiine. Below are the conveyor’s parameters:

e conveyor length.=625 m,

e conveyor widthB=2000 mm,

*  max. capacityfQ,~=16 000 t/h,

e drive poweMN,=2x900 kW,

e belt speed=6.53 m/s,

«  trough angle in the top ru=33’ (in standard version)

«  trough angle in the bottom rug=12,

e belt type St 2500/14:8,

e upper three-idler set composed@b9 x840 mm side rolls and of a shortgt%9 x420 mm) centre roll
e upper set spacing=2.5 m,

« lower set spacinfy=5 m,

«  bulk density of the transported materiat 1800+2000 kg/rh

The conveyor was tested using the same
methodology for the resistance to motion tests of
a single upper idler set as in the case of Z12 ¥B?2
conveyor in PGE KWB Belchatéw. For this
purpose, a special measurement frame was designed
and built (Fig. 4). Simultaneous recording of
momentary vertical and horizontal loads on
the measurement set allowed, among other things, to
analyse the measurement results in a coordinate
system: main resistance coefficiérats a function of
belt loading coefficienk,.

Fig. 4. View of the measurement frame mountecareyor Gbf
50 (B2000).
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Conveyor Gbf 50 (B2000) was different from conveydr2 (B2250) not only because of different belt
width and type, but most importantly because ofiff@rént top run support system. While Z12 (B225aj top
three-idler sets of uniform shell length, Gbf 5@@0) had idler sets with shorter centre roll (Bpand 2.5 m
spacing. Moreover, conveyor Gbf 50 (B2000) wasetd$or two various upper run support systems. Tis¢ f
system was a typical support with hinged sets. gther system involved spring suspension of uppler skts,
which allowed for automatic trough angle modificatiunder the load of the transported material. S¢te were
called “intelligent sets” and were used to lowee tmotion resistance of both an empty belt and biek
minimally loaded with run-of-mine material. The &@ef the so-called “intelligent sets” was discussedore
detail in (Schwandtke and Gtadysiewicz, 2008).

Fig. 5. Idler set in conveyor Gbf 50 (B2000) [tetal documentation of the belt conveyor]:
a) typical version
b)  with springs that adjust the trough angle dependindelt load degree “intelligent” set (Schwandtkad Gtadysiewicz, 2008).
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Fig. 6. Consolidated values of the idler set'sm@sistance coefficient as a function of belt lagdor the conventionally suspended set
and the set suspended on springs, conveyor GHBBZBI0Q) (Kisielewski, 2016).

Sets that are able to automatically adjust theginoangle to the load from the carried material have
a significantly lower main resistance coefficienan conventional hinged sets, albeit only for losit bbading
value range (fok, = 0+ 0.5). A significant percentage of the opemttime of conveyors used in open cast
mines and fed with run-of-mine material from a betcladder excavator is observed to be within soghlbad
range (Dworcziiska, 2012; Dworcziska e

t al., 2012) and hence in such case “intelligerts £onsiderably decrease the energy consumptiehflar
conveyor drive mechanisms. For “intelligent” sdt®e main resistance coefficient reaches its mininvatoe
f=0.012 at about 20 % load while for conventionaihvayors minimum valué=0.018 is reached at about 40 %
load. The measurement results shown in Fig. 6 alet@ned at an ambient temperature of about 20°C.
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Conclusions

The tests allowed for the comparison of the idler main resistance coefficient as a function oft bel
loading, for various conveyor designs. Fig. 7 sholes consolidated, experimentally determined reteships.
The graph shows the different influence that kel degree has on the value of the main resistaoeficient.
The analysis should not cover the two lines that pwsitioned in the upper range of the motion teste
coefficient (lines 1 and 4). Line 4 was determiffi@dan “artificially” devised skewing of the idleet in relation
to the belt's longitudinal axis, and it should belyotreated as an example illustrating the conseces of
imprecise belt conveyor construction.

i B2250; lkg=1,2m; vt=5,98 mls; angle:45°; T=20°C; Belt 5t3150; Standard idlers
3 B2250; lkg=1.2m; vt=5,98 mis; angle:456°; T=20°C; Belt 5t3150; Modernized idlers
B2250; lkg=1,45m; vi=5.98 mls; angle:45°; T=20°C; Belt St3150; Modernized idlers
be—i— B2250, lkg=1,45m, vi=5,98 mls, angle:45°; T=20°C; Belt St3150; Modernized idlers: Misalignment
B2250; lkg=1.2m; vt=5,98 mis; angle:45°; T=10°C; Belt 5t3150 — energy saving C; Modernized idlers
6 ——— B2000; lkg=2.5m; vt=6.53 mis; angle:33%; T=24°C; Belt St2500; L middle idler = 0,5 x L side idlers; Standard idlers
. B2000; lkg=2,5m; vt=6:53 mis; angle = f(kz); T=16-C; Belt $t2500; L middle idler= 0,5 x L side idlers; Idler set with springs
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Fig. 7. Consolidated values of the idler set maisistance coefficients determined for a singleriget as a function of belt loading, for
conveyors Z12 (B2250) and Gbf 50 (B2000) (Kisiekevi2916).

Skewed sets might occur on the conveyor’s route,noti commonly and with a smaller skewing angle.
Line 1 describes a conveyor with idlers whose rotetl resistance is above standard values. Suahtigih is
another example of how increased resistance toomddi caused by a lack of information on the inflce of
idler condition on the energy-consumption of cororegirive mechanism. The remaining lines in Fig.hdvws
the changes of the main resistance coefficiente@rsgbwithin the variation range recognised and meoended
by standards (DIN 22101, PN-93/M-46552, ISO 5048)e lowest motion resistance coefficients for belts
loaded with the run-of-mine material were recorétadthe conveyor operated in German open casttégmine
Mibrag (Gbf 50 B2000 - lines 6 and 7). This convejm different from the Polish design so that iths
supported in the top run by idler sets with thetiemoll shorter than the side rolls. Such desigeréases
the stiffness of the troughed belt, which allows @peater idler spacing in the top run — up to B&y5and in
consequence, lowers the resistance to motion. TiEementation of idler sets that automatically atju
the trough angle (the so-called intelligent seténe 7) additionally minimises the resistance totiom No
effects were observed for conveyor 712 (B2250) tlwauld significantly reduce resistance to motion at
increased idler spacing, as increasing idler sgaftom 1.2 to 1.45 m — with belt stiffness gredtem in case of
conveyor Gbf 50 (B2000) and with top idler rollsingeeach of the same length — results in increasdidsag
and hence in increased flexure resistance of thedmel of the bulk solids transported on the comvey
A comparatively low main resistance coefficient wasorded (line 5) for the energy-saving belt itsthon
conveyor Z12 (B2250), and that was despite perfognthe measurements in ambient temperature loveer th
for other belts installed on conveyor Z12. Addiadly, the belt’'s loading degree does not causemsn
resistance coefficient values to grow as signifilsaas in case of other configurations. The anayaed
measurements show operational directions seekiagggrsaving solutions. Conducted research direstarne
consistent with other studies in the world (Lodéw;jj2011; Hanger and Hintz, 1993; Hintz, 1993).
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Summary

1. The developed method of experimental investigatibthe resistance to motion of a single idler dlewve
determining the main resistance coefficiemtith by higher accuracy than the previous methbithvuses
coasting time. Moreover, developed method has edatd enhance the knowledge about the idlers’
rotational resistance and the impact of operatidoatlings on the resistances to the motion of & bel
conveyor.

2. The recorded main resistance coefficient valuesvitten the broad range of variation limits recormded
in DIN 22101, PN-93/M-46552 and ISO 5048 standaft® variation rangéis between 0.012 and 0.035,
but it applies only to atmospheric temperaturesbfant operating temperatures) that do not fall Wwelo
0 °C.

3. The resistance to motion coefficient is not a valaestant for belt conveyors, but primarily depeoddelt
loading. For empty belts, the coefficient has valwéthin the upper standard range. With averagé bel
loading, the coefficient values are minimal ane ngith maximum loading. The character of the change
has been already pointed to in literature.

4. A significant increase in the resistance to motdéra belt conveyor, and hence an increase of the ma
resistance coefficierftcan be observed when the conveyor route is assedmiith little precision (idler
skewing in relation to belt axis) and when the rigllare in poor technical condition and show incedas
resistance to motion.

5. Idlers with polyurethane shell generate signifibagteater resistance to motion that steel-coattads.

6. Analysis of the measurements of motion resistamedficient suggests the following solutions to eyer
saving belt transportation:

» using belts with carrying cover that lowers rollirggistance (energy-saving belts),

* using good quality idlers with low rotational rdsisce,

» using upper idler sets with shorter centre idldrand increased upper idler spacing,
e using upper idler sets that automatically adjustttbugh angle (intelligent sets).
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