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AESTRACT

High oscillating tensions during stopping caused severe damage to
the take-up structure of the B8 convayor at Goedehoop Colliery,
Shet down behaviour of a econveyor belt eannot be studied without

also raferring to the subsequent re-starting behaviour,

Every conveyor installation is unique. It is thersfore necessary
%o study the behaviour of each installation sepazately in order
to optimise the adjustments affecting the performance of the

syatem-

The project report describes the field tests performed to meusure
the straases ac various locations along the length of this long

o lend conveyor. Teet results ave discussed in detail,

Ways of reducing rthe megnitudes of dynamic stresses and
preventing Cheir occurrence in BI8 conveyor are suggested to

improve the life and availability of the conveyor,

Gontrolied starcing has been successful on this inetallation as
in others but during stopping when all power is lost the most
effective method of arresting dynanic stresses was found o be

the controlled reledse of "stored" belt tension,
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CHAPTER 1
1. OVERVIEW
1.1 STATEMENT OF THE PROBLEM.

Recent years live seen the development of longer and higher
capacity belt conveyor eystems, Part of this devalopment was the
introduction of high speed conveyor belts, This had the desired
effect of reducing capital cost of such systems since relatively
narrow belte wére now able tu convay large quantities of

material,

Unfortunately catastrophic failures started oceurring as wall.
New problems assocleted mainly with long snd/or high speed
conveyor belts were discovered, These mostly related to the

presence of dynamic stresses in rhe balting,

During the ecceleration and deceleration phases of the belt
motion (L.e. during stecting mmd shotdown) stress waves develop.
These stresses were never condidered in conventional design
caleulations dnd were therafore never predicted. Conaequently

structural designers never took this into conaiderstion when

designing conveyor lonal design
the convayor belt ae a rigld body. This approach assumed that
the entire leogth of belt started moving as the drive pulley

started moving.




This assuaption 16 obviaualy not true, but it minplified design

caleulations and always seemed to be effective for the

conventionally short, low speed conveyor systems,

1.2 CASE STUDY.

The Bl overland conveyor at Goadehoop Collisty was designed
using canventional methods. At | 700 matres beiween belt centres
it s certainiy not a long conveyor by modern standerds, It
would rather be classified ae & medium lemgth comveyor syatem,

The designed belt speed of 3,85 matres/eccond also puts it inta

the medium range of belt speeds.
The conveyor rums through a valley se shown tn Figure (.1. The

catenary shepa introduced msjor dynamic stress vaves in the

beiting during shut down.

1694m |

Figure 1,1

Crosa section of BI§ conveyor
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Shortly after commiesioning the aystem im October 1985 the
conveyor was trippad under overloaded condirions, During this
emergency shut down the stress shock waves set up in the belt
reacted at the gravity take-up vystem ¢ shown tn figure 2, The
sudden increase in stress at the take-up caused the take-up
pulley, E to shoot forvard. This 4n turn caused the take-up
weights, D to shoot up through tha top of the take-up tower when
the rope connacting the take-up pulley and gravity weight
suapped. The 13 tona take-up weight then dropped through five

metres to destroy the take-up tower structure ~ and itselfl

i

Figure 1.2 BIB conveyor drive and gravity take-up arrangement,
At econdary drive pulley

Bi  Primavy drive pulley

G:  Gravity take-up systen

Di  Take~up waights

Bt Take-up pulley




Emergency repairs wers dome and the syotem was recommissioned
wlth & wotorised winch teke-up and 1imitad to opsrste at a
maximum of 800 tons per hour. The reguired cepacity was 1 000

tons par hour and the designed capacity ! 200 tons per hour,

1.3 AIM OF THIS STUDY.

The dynamic shock wave grobles hes only raised 4ts head in the
last decads: In this parfod relatively fev systems oxperianced
shock wave pioblems to the extent that drastic steps were
necessary to overcome them. It is therefore understandable that
na set behaviour pattern of comveyor shock waves hes baoen
aatablished o dave, At lemst two mathematical models hava been
developed to describe conveyor dynamic stress behaviour
(Morrison, 1985 snd Nordell, 1984) but mome of thess have been
calibrated to cater for a variety of conditfons pertaining to

veal problem installstione.

The purpose of this study ia to determine from an amalysts of
tast measureménts taken over a pericd the magnitude and motion of
the dynamic stressea present in the BLE comveyor balting during
the starting and shut dowm cycles of the system: The study will
also research the origin of these stresses and analvse the

tactors which infleence tha dynsmic stressen,




1.4 FORM OF REPORT

The following sections of this report contain a summary of
existing literature on this subject followed by a description of
the fiald vest programme conducted during the study of stresses

in B18 conveyor,

Observacions and results ave discussed to highlight the source of
the dynamic stress waves detected in the BIE conveyor amd the
behaviour of the conveyor during sbut down and acceleration

cycles with epecific referemce to dynsmic stress way

and

factors influencing it

Finally a conclusion is drawn followed by vecommendations to
win{nise dynemic stresses in BL8 comveyor and proposals for

further research in this £ield are discussed,




virtually every belt conveying conference held in the 1980's.

Ona of the earlifest papars on this subject wae written by
Harrison and Roberts (1983). They recognised the need to reduce
belting cost. by reducing belt stresses. They noted the high
dynemic ténsions in belting during stopping and stasting cyeles.
Their snalysis dindicated that shock waves resulted from
discontinuities in the diive syatem during acceleratfon such as
the switching in of secondary drives and the sudden removal of

drive pover when shutting a convayor system dovn.

Plgure. 2.1 ahows the ideal acceleration § curve, as suggested by
B Harrison & Roberts (1983). The decelerstion eycle should be &

B miryor image of this curve.
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e T3 . LITERATURE REVIEW.
3
T fince the early 1980'a seversl papers have been published on
T dynamic stresses in conveyor belts. Research has taken place
4
- in Australfa, the U.S.A, and Germany.
The subjact of dynamic stresses in belt comveyors was raised st
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Pigure 2,1 Tdeal belt velocity cheracteristic to mintmise
transient tensions at start &nd stop (Harrieon and

Roberts, 1983),

This paper also illustrates the decrimeatal effece of applylng
severs braking torque to a downhill regemerative conveyor belt

namely severe stress fluctuations in the belting.

Werrison pvbiished snother papar on the sublect (1986). He
reported on dynamic stress front velocities In aceel chord
belting. Wis tests were conducted in a laboratory, He showed
that belc tension is proportional to stress frame veloeity and
that stress front velocity io approxtuatsly equal to the speed of

sound in steel chord helting:

Pactors damping stress fronts (l.e. causing retardation) were

found to be:

Idler contace - which is related to belt tension and numbar

of idlers,

Belk 1osding,




Warrison alse published a paper describing methods of reducing
dynemie loade in sowveyor belting (1985). He showed that dynamic

atress is proporticnal to inatantaneous belt velocity.

He also listed possible sources frow which dynamic stresses can
be generatad during conveyor starting and shut down cyeles.

These are:

a. large starving torque.

b. Long take-up loops.

e, Incorrect belt pre-tension before start-up.

d.  Rapid belt deceleraton.

Harilsons' account of events during a starting cycle i a
followa:

“During the stare-up of gravity teke-vp systems, the gravity
rake-up woves down s the drive drum rotates, If the Teturn belv
tansion 1 less than the mass take-up force, the rorurn belt does
not move until the atress in the carry side has propagated around
tha whole belt. At this point, the take-up mass is requized to
move up s8 the veturn belt surges to a substantisl proportion of

the £insl belt speed.




The strass in the balt and structurs of this type of design may
be ten times the statric stress, A long take-up loop in this
aitustion causes instabilities in che belt &t the tail due to the
need to accommodate the extra belting as the return belr surges
around the tail pulley and catches up with the carry-side belt.
4 small differential velocity causes severe balt 8ag and materdal
spillage as the belt is pulled tight by continuing drive remeion.

This effect alss occura at conveyor shie dowm."

Harrison proposed several molutions to the problem:

a.  The use of wound rotor motors with steppad rotor resiatance
control to apply and remove driving torque in acceptably

amall increments.

b. The use of short take-up loops,

e. Using optimm pre-tensfoning of the bel: befors applying

atarting torque,

d. The use of winch controlled take-up rather than graviey
take-up £o provide high emough startisg pre-tension and a

reduced vumning tension during sceady ststa conditions,

e. The use of a hydraulfe buffer at the hesd drive gravity
take-up trolley to provide additional belt temsion as the
forvard rusning take-up trolléy is checked by tha hydraulic

bufter,




Harrison warned sbout the danger assoziated with the use of winch

coptrolled gravity take-op systems.

& Wineh wotfon must be synchronised with belt motion to
prevent the winch windiog in 4t the some tive 8s the arrivel
of a dyneuic shackweve at the fake-up pulley, This would
rosult in unacceptsbly high ingtantaneous atresses in the
belring which in turp can 3ea¢ to belt splice Failure,

b, Winch reaction time is slow.

e concludes that “onless the dynamic behaviour of the belt is
exacely knovn for all conditions of load, it ia very dsngaraus to
expect the wineh to track dynamic tensions automatically during
stopping in particular, and to vaintain uniforn belt and
structure load. The phase betwsen the winch action and the belt
notion is erftical if higher stresses are not to ba produced into

the structure”.

Nordell (1984), published & paper on the subject in which he kN

presented an introduction to the modern snalysis techniques used [

fu deternining the magmitude of the dynamic tramsient Forces

propagated in & conveyor belt during its startiug and stopping

phases,




and flow of matter" and preceeded to describe a finite slement

rtheological model approach to determine the true nature of the

balte physical behaviour.

The medel deseribing the belts dynamic

He defined Rheology as "the acienca dealing with the deformation

response 18 represented by figers 2.2,

EXTERNAL FRAME
OF REFERENCE

Figure 2,7 Five ¢lement composite model (Nordell, 1s84).

=i COMPOSITE RHEGLOGICAL

ELEMENT (TYPICAL}

Figure 2,3 Lump wass spring-damperad finite element model

(Nordell, t984),




Referring to figure 2.2

K:  Elaerie modulus of the belt materdal as in & spring obeying

Hookea' law,

Hi  Rolling friction or indentation loss of the belt in comtact
with belt rollers, It is represenced by a combination of a
dash pot and & spring.

G:  Belt sag betvaen idlers,

Vi Conveyor drive logses i.e, the rotating elements,

©: Trassitional stetic to dynamic friction dnalsgove to &

sliding block on a dry surface,

Dynamic simuletion of the complote comveyor is accomplished by
dividiog the belt into o specified series of finits elementa sach
having o lunped mass and 4n individual theological spring

response structure shown in figure 2.3 above,

The general equation of motion, which describes the transient

force~displacement velationghip, is given in the Form:

F() = MR+ Kjx + Vk + BlRx) + C(x,F(E)) + 6x)




v where, T, w Force applied on an element at tine t.
¥ = Mass matrix
K, = Elastic spring constant matrix of belt wain

sensile member

V = Viecosity matvix of the fluid element

o ¥ = lysteresis internal damping of the belt
B ¢ = Coulomb drag matrix
T G = Grometric stiffness matrix of axisl motion
‘,’L‘}., x = Displacement axially along belt Zine
A % = Velocity axially along belt line

¥ = hcceleration axfally along beit line
£ = Time

Nordell {(1984) published results of some case studies to

illustrate some of the problems encountered during starting and e o
stopping of & conveyor system. He concluded that stopping of a . v
large high modulus belt is potentially more damaging, ie less
controliable, and ie more difficult to assess than Lhe astion of *\* -
stacting. The belts internally stored strain energy reacts with

a higher specific impulse than can be generated by the drive

system.
A In 1987 Nordell presented a paper giving details of further tests !
o .
- o on starting and stopping control to iliustrate common problems in ‘
belt conveyor design.




CE LT

L5 P

CAPAITYI 20 TPH
WIOTH: 1800mm
D hamis
POWER: 3000k

Figure 2.4 Belt profile ~ study uo, 1. (Nordell, 1987)

His observations were:

( 1)  Total driving power drops off in less that one secoud.

(41)  Drive pulley retards 302 in ome second.

(141)  Belt return strand tensile stress wave velocity is
1740m/s.

(4y)  Peak stress wave value at the fixed take-up 1s 925kN

after 3,5 geconds (operating tension at this point is
300kN) .

« v Peak stress value at the tail in 525 kN after 1,5
seconds {nominal opersting temsion at this potnt da
45kN)«

¢vl)  Loaded etde stress wave velocity is 1 390 m/e.

(vit) Violent belt whip was apparent in the concave curve
zome corrasponding to violent belt veloeity variations

at this point.




T CAPACITY: 3636 T
GELT SpEED 42ms

ot A POWER: 30KV
Uy 5
S -
G Pigure 2,5 Bolt profile - atudy no. 2. (Nordeil, 1987)
% : il
! NordeLls obausvations vere: R R

(] A sudden shock wave hit the gravity take-up after 7,5 A C
+ saconds,
- (44)  The rail pulley vas subjacted to a shock wave at t = 7 ’ R !
séconds after having been at zero tension between t = ¢

and & = 6 saconds,

I (d14) The balt motion at the tail raversed up to 66 w/e and

S at the take-up 150 m/s: o -
(4v)  The head pulley stopped ir 2 seconds while the rest of |
- the system took 14 seconds to sattle, «
s T




“ e concluded that the studying of many conveyors which exhibit
bizarre and sometismes violent behaviour expands the designers
understanding to allow for better generaliestfon on all design

aspects.

Purther case otudies wera discussad {n a paper by Surtees (1986),

The paper damcribed case studles of a oconveyor suspected of

having high tranalent atresses. Results of field measurements to

PR were analysad with simple correlation to extsting mathematical ey K o
| \ : ¥
Y models, S e,
k‘«,—,/‘ AN X

The paper concentrsted on starting of conveyors and referred

Lo briefly to stopping conditions. Referenca was made to brake .
i X )
s application at the drive when stopping & downhill comveyor I ilt. B i
IS «
20 Surtees concluded that belts dieplaying low shick wave spesds sre
. at higher risk of oufforing bhigh belt streases than belts Cr
diaplaying bigh shock wave speed. = "the lower the speed is, the *

longer tha waves eske to docay™.

He streseed the Importamce of starting system selection taking
into account ccalaration torque Tate. MHe further suggested that v
belte shotld be sllowed to come ta rest freely during stopping |

but if brakes are needed they must bé applied gradually or after

a su: able interval after the drives have been deenargiied.




ZUr (iv8€) published a paper Afscussing mathematical models
veprasenting the relevant processes in the conveyor belt and

drive during wovement transients.

He described a Rheological model similar to thet descrited by
Nordell (1984) for computing the propagation velocity of the
stress wave in the balt and for selecting the deta concerning the

sake-up.

He concluded that the mathematical wodel ensbles the designer to

determine the between e

Eleld, motor

zotor, coupling, conveyor belt and take-up gear.

Figure 2.6 prasent a block~diag)

of a general modal

of a balt conveyor as proposed by Zlr.

Figura 2.6 Block diagram of a discrete mathematical model of the
balt conveyar (202, 1986).
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During "Beltcon 4", a conferemce hald by. the South African
Institute of Materials Handling and the South African Tmstitute of
Machanical Enginvers, seéveral papers were presented on the

subject of dynamic stresses in long comveyor balts.

Surteas (1987) discussed several case studies along the eama

Lines ag those presented in 2 previous paper by the same author,

Punke (1987) presented @ short paper at Beltcon 4 deseribing the

dynamic stress wave phonomenon.

Morrison (1987) adiressed Beltcon 4 describing the resulta
obtained from his finite element dynamic model of a conveyor. He
presented graphic displays of three dimensional plots depicting
stress vaves. He discussed several case studiea with the aid of
three dimenedonal rarpet plots of conveyor velocity hehaviour
during start up and shut down cyeles, He demonstrated with the
aid of carpet plots the effect of primary and secondary drives

and belt loading on belt tenaion,

Morrison concludes that the model emahles designers to have a .

completa pieture of the temsion and velogity dynamfcs far the
whole belt 48 an #id in underatanding behaviour of a conveyor

system during the design process.




During "Beltcon 4", & conference hald by the South African
Inacicute of Materfals Hendling and the South Africsn Institute of
Mechanical Engineers, several papats were presented on the

subject of dynamic strerses {n long conveyor belts.

Surtees (1987) dfacuased several csse studies along the same

1inas as those presented in & previous paper by the ¢ams author,

Yunke (1987) presented & short paper at Beltecon 4 describing the

dynamic streas wave phenomenon.

Hotrison (1987) addressed Reltcon 4 describing the results
obtatned from his finite element dmamic model of a conveyor. He
presented graphic displays of three dimensional plots depicting
atress waves. He discussed several case studies with the atd of
thres dimensional carpet plots of conveyor veloeity behaviour
during start up end shut down cycles. He demonstrated with the
ald of tarpet plots the affect of primery and secondary drives

and belt loading on belt temsion.

HMorricon coneludes that the modal enables descyusts to have & .

complate picture of the tenaion and velocity dynamice for the
whole belt aa an aid in understanding bahaviour of & conveyor

aysten during the design process.




Figure 2.7 ia taken from Morrisoue peper sud illustrates the

effects of atart tnltietfon of a double dvive comveyor belk,

w
'

Figare 2.7 Veloolty waves during start {nitiation (Morrisom,
1987), note that the primary and secvndary drives referred to in
figure 2,7 relate to the physical instaliation rathet tham the

staxt sequence.




The comson aspect in all of the lirerature referred to is the
total absence of standard solutions to the problem of dynamic
stresses. It iz clear that every belt installarion mneeds to be
studfed and preventive action taken to wmintmise dymewlc belt

stresses.

Neme of the papers describe a case study of a belt profile
similar to that of Bl8 conveyor at Goedshoop Colliery, The
solution to the dynamic problems sxperienced In this comveyor
bilt therefors was to be found from a detailed study of the
stTesses as wessured during field tests. Such teats had to be
afmed st not ooly finding solutidis for BIS convayor bue to
produce deaign guldelines which would be applicable to the design

of all long conveyor belt inatallations. .
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CHAPTER 3

FIELD TEST PROGRAMME.

To molve the problems associated with this conveyor fmstallation

had to obtain a clear underatanding of the stress waves with

respect to their origins, magnitude and velocity had to be

obtained, A test programme was conducted to measure a number of

varisbles, details of which provided sufficient information to

explatn the phencmena,

3.1 PARAMETERS MEASURED.

The following waro taken

by high speed pen recorder for analysis,

Conveyor belt veloeities fn 4 places.

Belt load,

Belt temsions: at take-up and tail puileys.

Take-up pulley movement.

Drive pulley torque during atarting.

Brake pulley torque during stopping.

2t

and plotced




3.2 TEST EQUIPMENT,

The following equipment was used to conduct the tests:

4 Tacho gemerators to measure velocities.
Mass merer for belt load measurement,

2 Load cells for temsion measurement

1 Potentiometer to esaure take-up winch drup motion,

4 Strain gauge rerque bridges.

Telemetry systema to transmit torque readings.

Tape vecordera for fiald test data recording,

High speed pen recorders to provide graphic presentation of fleld

test data,

Location of transducers to measure the above paramsters are shown

in figure 3,1,
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Figure 3.1 Location of measuring devices on BL8 Comveyor.




3.3. TEST PROGEDURE.

Several test rung were undertaken in order to establish a me load
reference and deternine the conveyor system behaviour under
varying load condition, A complete test comprised the recording
of stopping and starting behaviour of the belr with all
pavamsters at their standard settings for an empty belt, a

paygially loaded belt and & fully loaded bele, One parameter vas

then changed and the whole procedurs was repeated to observe the

affect of the parameter on all other o

The following parsmeters were varisd dn turn:

P Take-up pulley pre~tension . =

‘ake~up pulley movement.

Stareing sequence time delay between the two drive motors,

Braking torque,

Fach of the above paramaters were modified several times to

determine thair optimum settings,




3.4 FIELD TEST LIMITATYONS.

COAL PROCESSING PLANT

HESBFT BiH CONVErR

HOPE SHAFT

Figure 3.2 Sur€ace Block Plan - Goedehoop Colliery,

The B8 conveyor ingtsllation 1z the main link between an

important production srea of
plant as shown in Figura 3.2,

6 000 tons of coal every day.

the mine and the coal procsssing
The system was vequired to convey

Tests had to be porformed in such

a way that no pyoduction loss oceurred., Modifications of

had to be

to sltow safety

wargin co prevent breakdoun of the system,

Distanca also presented a cansrraiut in performing the teats.

Transducers werd installed at vavious points along the length of

the conveyor as shown in figure 3:1. Availsbility of mains power

&0 drive recording equipment and measuring devices wea the main

problen,




A method to synchronise vecorded sesults had to be developed.
Hazdwire or telemetry transmission of data were discarded because
of its high cost and the possibility of voltr drup and time delays
agsociated with these methade, The problem wae ovarcome by
running & single pais of wires carrying a 2 Volt signal slong
the full length of the conveyor. The signal came om topethér
with the application of power to the primezy driving motor amd
feli avay to zero volis when disconnecting the driving power,
This signel was recorded ar all stations slong the belt. By
matching the points of 24 volt switching on the different traces
4t was possible to accurately match recordinga, The voltsge
signal velocity along the -=ix of wires corresponds to the speed
of light i.e. approximately 1,7 x 10° matres per second. Tha
time delay over ,l 700 metres is therefore negligibly smali in
thia instanca.

The presence of stray currence end radid signels interfered with
recording instruments. A 22KV powsrline yuns pexallel to the BlE
conveyor for at least lkm, This inducas & SO herez 0,5 Volt
atray current in the conveyor structure and therafore also in the
power supply earthing, Measuring devices were operated at
sufficlently high voltsges to minimise the stray voltage effect,
Radic eignal interference occurred with telemetry equipment tisad
&6 tranemit driving and braking torque signals from shaft mounted
strain gauges., Interferente signels were tused out to overcome

the problem,




CHAPTER 4

OBSERVATTONS AND RESULTS

Obsexvations of belt bahaviour on this projact wera divided into

two main categories namely "shut down" and "start

up" behaviour.

Htigh speed pan recorders wera used to record results of all field

tests,
The following tables cummarise the observations.

will be discusaed in Chapter 5.

Time (seconds)

after stop Hupty Belt

0,1 100
0,25 40
0,80 20

4 20

8 20

12 20

14 20

16 [

Tableé 4.1 Variation of driving torque with time after

inteiation.

These graphs ware interpreted as observations tabulated,

Test results

Percent Full Load Driving Torgue

Loadad Belt

100
40

20
20

shut down




Maximm braking torque (ki)
Time delay (seconds) to apply brakes
Time (ssconds) to fully apply brakes
Dynemic belt tension (kN)
At take-up:  minimum
naxtaum
A% tatl pulleyiminimum
maximm
Static belt teneion after stopping (kN}
Dynamic strega wave velocity (mfa):
In empty return belt (Vp)

n loaded top belt (V)

4,5
6,5

Table 4.2 Effect of braking torque vardation on dynamic

weve intenaity and velogity.

Balt logding {t.p.h.)
Braking torque (kNin)

Average de

gration ri
At drive

Réturn belt n valey
AE tail pulley

Top belt in valey

Table 4.3 Effect of braking torque

deceleration rate,

30

Q,205
8,209
0,209
0,212

variation

on

1,1

3,6

839
385

stress

8s0

9,212
0,219
0,215

04218

bele




Belt Load (t.p,h.)
Dynamic belt tension (KN):

. At take-up: minimum 48 8

mextaum 57 66

At tail pulley: minimuu 8 48

wexinun 4 59

Statie balt tension afrer stopping (kN) 57 57
Dyne ic stress wave yeloaity:

In return balt (m/a) 839 839

In top beit (w/a) 696 385

Time (saconds) to commence deceleration

of top balt in valley 1,5 2,6
hverage deceleration rate (w/s?):
At drive 0,217 0,205
Return belt in valley 0,231 0,195 Lo e
Ae tail pulley 0,253 0,217 .
2
Top belt in valley 0,216 0,213 -
Lo
~.
Table 4.6 Bffect of load variation on Bl conveyor shut down
behaviour.
! 4
»
e 28 .




Teat Number

Belt loading (t.p.h.) 850 850
Winch reaction time (seconds) 0 1
Total winching out time (seconds) o 8,2
Total winch rope travel (metres) ¢ 1,2
S Belt deceleration:
LR Average rate (m/s) 0,204 0,158
s Total time to rest (seconds) 19,1 24,7
" Dynamic belt tensfon (kN):
At take-up: mintmun 48 48
naxinom 3 63
At tail pulley: minimum 48 48
maximun 59 59
Statde belt tension sfter stopping (lWM): 57 57
Tabile 4.5 Effect of inducing alack fnro the belt take-up during a ' . T

loaded shut down cyele,




Secondary motor delty (sec)

Maxipum torque (i}

Primary drive 10 14
~->ondazy drive 23 a2t
Parcenrsge of max. belc spaed 6 37
Maximum acceleration rate (w/s?) 6,67 1,84

Take-up belt tension (ki)

Pre . 39 36
Minimum 6 6
Maxdmum 48 52

Maximup tail pulley Welt tension (KN) 47 48
Aucelerution time (soc) 131

Tims to settle down (sac) 45+ 45+

Table 4.6 Effact of secondary drive delay varistion during an

empty belc stare up rycle,

Toad  Take-up Tensiun (kN) Tenadon

(T.7.H.) Minimun Maximum Varience

0 37 51 1
440 21 59 38
726 5 57 52
450 9 66 57

Tabla 4.7 Effec of belt loading on takeup temoden.

30




Pre-tenaion Dynamic Tension (KN} Tensdon

(¥} Hiaimum Maxdmum Vardance{kN)
(=) 40,9 6,7 47,7 41,0
b) 42,6 5.2 51,0 45,8
() 44,9 10,8 47,7 36,7

Table 4.8 Effect of belt pre-tension viriatfes oh staet up

behaviour
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CHAPTER 5

DISCUSSION

The dnitial objective of this projest was to investigave and
snalyse the dynawic shock waves in the balt during its stopping

sequence. The fuvestigation showed howsver thar stopping canmot

be constdered in isolation.

The achievement of the smooth scopping of a conveyor system is only

acceptable 1f the subsequent sterting behavieur s

acceptable limits.

Tt 46 therefore necessary to also refer to start-up behaviour

during the discussion of Findings.

5.1 SOURGE OF DYNAMIC STRESS WAVES.

The main cause of shock waves in the belting is & sudden change

in bale veloeity:

5..1  Systen Inertia

Figure 5.1. illustrates the elements of the syatem inertia,

within '

¥




Figure 5.1, Conveyor mass distributfon

A Head Pulley

B Bend Pulley

€ Drive Pulley

Dr  Take-up Pulley

B Be't Garrying Tdlers
: Conveyor belting

ke Breke Pulley

W Snub Pulleys

+ Tefl Pulley

The belting iz a long elsstic band with evenly distribured mass,
as shown in figurs 5.}. Connected to the belt are a number of

masses whick influemce ite behaviour.

The idlers act a0 small rotariug messes sguadistantly spared
atong the length of the belt - the top strand of the belt i

supportad by twice s many idlera es the return belt.




Snub, bend, head, tail and takewup pulleys are found at either
end of the belt but mors so at the drive end of the aystem,
These are larger rotating masses concentrated in areas, Like the

belt carrying idlera above they ave also driven by the belt.

Drive pulleys in the case of the BIA conveyor are placed {n the

return strand of the belt mear the hend of the system. The two
drive pulloys are connscted through solid couplings to bevel gear

reducers, the input shafts of which are conmected through fluid

couplings to 110kW motors. These Totating masses aTe the bigest

in the system, They are different to all other masses in that

thay drive the balt to provida mation.

The brake pulley on Al8 conveyor ie inetalled in the return s
strend of the belt near the tail pulley, It hes a brake drum
attached to each shaft end which adds to its inertia, Braking is - . 5
achieved when power is removed from the solenoids which kesp the
spring loaded brake shoes clear of the brake drums, The brake

_pullay fs driven by the belt.

Each of the above has its own inertia with unique

chargeteristics. The combinacion of these form tha eystem. ;




Bvery beit installation will therefors display its owr behavieur

pattern.

From tha above system fnertia deserdption it is clear that all of
the masses attached to the belt will sffect its behaviour.
Because of the alasticity of the belt, high concentrations of

inertie have the biggest impact

It will be shown that belt carrying idlers hava & dauping effect
on the stress weve valocity but because of ita aven distribution
and relatively smail size plays no role in the iniciation of the

shock wave.

Snub, bend, head, tail end take-up pulleys aleo have a relatively
snsll inertia compared to that of the system and do not have a

significant influence upon the generation of shock waves.

Figure 5.2. shows the drive system, the main cause of shock wave
generation in the system, It has a large concentrated inertia,
While driving the balt it exerts high temsion, %) om the loadad
atde of the belt while the return side is being kepe tight by the

take-up wiath exerting & pre-detemmined tension, T,.

Under stesdy ruaning conditions the temsion diffevential across

the drive pulleys s a constant 34k,




Pigure 5.2 Typical double drive coaveyor under steady running
canditions,

At the instust when the driving power is removed the balt becomes
the driving foves with the drive pullays forming A lumped high
inertia deiven lead, The immedlate ¢ffect 1a a sudden strass
reversal in the belt across the drive pulley with the high
tengion gcvesd eultched to the take-up side of the drive. This
inittates a stress weve which propagates along the return belt to

the tail pulley as shown fn Egwre 5.3.




Figure 5.3 Effecr tmmediately after pover cub to drive pulleys,

From figures 5.2 and 5.3 it fs sean that the tensdon in the .
takewip belt incresses immedistely after the power cut to the
drive pulleys due to the belt now becoming the driving force and

2,3 seconds later the same effact is detected at the tall pulley,

B @8 shown in figure 5.4,
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Figure 5.4 Effect of changing the drive pulleys into a high

inereia driven load.

The sudden addition of the high inertia drive trafn to tha work
done by the elastic belt is therefors one of tha big contributing

factora to the ganeration of the dyvamic tensile stress wave in

the xeturn belt of the conveyor aystem, The sus'or bellaves that
the addition of @ high inevtla flywheal to each of the drive

gearbox high epeed shafts will largely elimirate the sbrupt

change from driving foree to driven inertia and thereby pravent

the generation of the stress wave as described above,

R e e st sk i 0 ettt o A ] st




Othera have suggested a controlled stopping action by gradually
reducing driving torgue through the addition of rotor resistance
into the driving motors. This propasal 1a only effective es long
a6 power is availehle at the drive motors. When a power trip is
experfencad the above controla are lost and driving torque is

again removed instentaneously.

5.1.2 Local belt vel ity vardation,

Because of the elastic properties of the belting used on balt
convayors, it fe to be expacted that velosity variationa will be
prasent along the langth of the belt even during steady rumning

conditiona.

During steady running conditions the belting comes into contact
with items of different inertid and also passes through the drive

section changing tensions ae discussed in section 5.1.1:

toad variacions on the top belt and between top and return belta

also causs temsion variations.

These tenslen variatitws result d1n  local belt velocity

vartattons as shown tn figure 5.5,
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Figure 5,5 Bolt velocity variation under steadr Tunming

conditions of B18 Conveyor lcaded to 850 tons per hour.

Figure 5.5 illustrates not only the local velocity variations

during steady tumning conditions but also the propagation of the
high velocity wave in an oppomite direction to that of the belt N

traval.

Dustng the stopping cycle the same phenouena are present but much

more pronounced as shown in figure 5.6. . -
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Rigure 5.6 Three dimamsional plot of belt velocity ae three
points along Bi8 conveyor during an 850 tons per Kour stop with
n6 braking torque applied.

Figura 5.7 illustratea wbat happens during an peceleration cycle

at 850 tons per hour and figuro 5.8 for an empty condition,

B¢ T0P 8T M WY,

AAT oave PULLEC a
CiTop ser A7 TAL 3

Figure 5.7 fhree dimansional plot of velocities at three points

slong B1§ convayor during an 850 tons per hour start-up,
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Figure 5.6 Three dimemsional plot of belt valocity at three
points along Bl8 conveyor during an 850 tons per hour stop with

no brakiig torque applied.

Pigure 5.7 illustraces what happans during an accelaratien cyale

at B30 tons per hour and fiure 5.8 for an empty condition.

Figure 5,7 Three dimensional plot of velocitiss at three points

along B18 conveyor during am 850 tons per hour start-up,

41

YUY A S




AT DRNE PULLEY
T0P ORLT W GLEY
€ T A AL

Figure 5.8 Three dimensional plot of velocities at three points

along B18 conveyor during an empty start-up.

Figure 5.9 lluntrates the propagation of a velocity wave along

the bele and the transformation of the veloeity change at point

G, at the tail end into tansion which, when measured at the
b ’ take-up pulley, Point A, is fdentical in shape, but displaced in

: time, to the velocity graph,
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Figure 5,9 Comparison of belt scceleration at the drive with
belt velccity at the tall end tension at the take-up pullay

during en empty skark.

The equivalent comparison during a starting cycle when the belt

carried 850 tons per hour is ahown in figure 5,10
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Figure $5.10 Comparison of belt sccelerstion at the drive with

belt velocity at the tall and tensfon at the teke-up pulley . A

dnrdng an 850 tons per hour starc-up eycle.

\
Wigure 5,11 shows cthe relationship between velocities snd .
tensions st the drive oud tail sections of the belt during & il
stopping cycls under loaded conditions. —
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Flgure 5.11 between bele snd tensions

during & shut-down cyele with belt load at 850 tons per hour.

From the sbove it i clear thet & sudden belt velocity change at
ome point converts dnto & dynamle stress wave tramemitted
throughout the entire beit length at high speed in the opposite

direction to the belt trave

Prevention of the stresses vaused by yelocity ds similar to that
described in section 5.1.1 namely the ueilisation of "soft" start

and centzolled stop systens.
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5.2. SHUTDOWN BEWAVIOUR OF BL8 CONVEYOR,

Having studfed the origin of the dynamic stress waves in BB
conveyor, it was necessary to determing tha inter-relationehip of
the vartable parameters of the system. Sevaral options vere
ideneified to alter the behaviour of the dynamic stressas In the

belting.

The shutdown cycle of the system is initiatad by the removal of
the conveyor driving power. In the case of BIB comveyor ac
Goadehoop Golliery thia cccurs suddenly by cutting the elecerie

supply to both driviag motars,

Harrison (1985) shoved that dynsmic stress is proportional to
instantaneous belt veloeity. He recommended the wse of wound
rotor resistance contrel to apply end remove driving torqué in
accaptably small increments, While the suthor racegnises the
effeckiveness of this solutfon to prevent the initiatton of
shock waves, it 1d necessary te point our that it -esumes the
availability of elsctric power at all times during a shut down
¢ycla, Conditions exist in practice where alevtric power to the
driving motors ls totally lost for example during a total pover
outege to the complex or during an electric fault condiren dn

the conveyar driving or control systems,

Safe operation of conveyor systems alao reguires that emexgency
shut down brings the belt to a stop is the shortest posaible

dma,




The design of a conveyor systew must therefore eater for the
sudden removal of electric driving pover ta the driving motors of

the system.

Shut down varistiona studied on B8 conveyor included alterations

to braking torque, belt loading, snd rake-up tension.
5.2,1 Effect of varying braking torque.
The B18 conveyor at Goodehoop Collfery wes equipped with a brake

pulley fn the return belt immediately before the comveyor tail

end as shown in figure 5,12,

I 160in '

Figure 5.12 Cross section of Bl Conveyor.

A:  Drive Sagtion,

Braka Pulley,

‘he drum brakes atbached td the brake pulley shaft were electric

solensid released and apring applied failing to safety, i.o.




Varistion of braking

brakea on with loss of elactric power.

torque were obtained by edjusting the brake shoe travel,

Figure 5,13 illustrates the belt behaviour as measured in terms
of velocity and tension at several points along the belt during
sn 850 tona per hour shut down with minimum braking torqua

applied,

Figure S.14 compares the same measurements during an 850 tons per
hour shut down when maximum braking torque iy applied.
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Figure 5.13 Behaviour of bell velocity and temsion during an 850

tons per hour shut dows with minimum breking torque applied at

the tall end of BIE conveyor.
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Pigure 5.14 Bffect of high braking torque applied at the tail

and of Bi conveyor on belt velocity and belt temsion during an
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850 tong per hour shut dowm.

In both cases the driving torque of one motor only s shown since
both motors behave the same namely & reduction of 60Z of full
load torque in 0.25 seconds and 802 of full load torque in 0,8

seconds after which the inertia of tha drive continues to

maintain 20% rorque for another 13 seconds.




Figure 5.13 shows the application of brakes at 4,5 seconds after
ehut down when braking torque builds up te 5 kNm in 2 seconds
whilst in the case of figure S5.14 brakes are epplied at 1,1

secondy end braking torque reacksy 15 kNm in another 2,5 meconds.

Table 5.1 shows the comparative belt dscaleration rates for the
two conditions at various points along the belt as indicated on

figure 5.15 and referred to in figures 5.13 and 5,14

A At the drive pulley.
B: Returu belt in the valley.
[ Tep belt at the tail,
D Top belt in the valley.
- s634 |

Figure 5.15 Tachometar locations along B canveyer.




Min{mm Braking Waximum Braking

Av, Decelavation Av, Deceleration

Locdtion  rate (m/s?) rate (m/s?)

.S A 0,205 0,212
VI ) 0,209 0,219
4 o ¢ 0,209 0,215
E b 0,212 0,218

Table 5.1 Comparison of daceleration rate of the Goedehoop Bi8
conveyor during an 850 tons per hour shut down with verisefon of

‘braking torque, -

Roferring fo figures 5.13 and 5.14 . . tabla 5.1, the Zollowing
ebservations ware made: N e 2
. &
( 1) loeal velocity varistions were less intense with E
maxtiin braking torque applied, £ O
(1) The higher braking torque assisted to aliminate the

velocity surges of the loaded belt in the valley with

conssquent spiliage reduction,




(1d) Peak belt temslon at the drive wad lower at 61 N
compated te 66 KN with higher braking torque at the

tail end of the belt. .

¢ i) Belt tenslon fluctuation at the drive was Ieas with the

higher braking torque.

( v)  The drive take-up tension was higher after the belt
came to reat (60KN compared to 57kN) with the higher
braking torque. This i advantageous for the followlng
atare up cycle to reduce dynamic stresses during the

start up cycle.

{vi)  Pesk belt tension at the tail was higher at 66kN
compared to 59kN, with increased breking torque.’ Thie
largely offsets the advantage gained by reduced belt

tension at the drive pulleys.

(vi1) Time taken for the dynsmic stresa wave to travel the
1578 metres between points A and C along the zeturn

belt was 2 seconds, which geve a stress wave velocity,

Vg» of 839 metres per sacond along the return belt.

N (viid)  Time taken for the dynauic atress wave to travel the

RS ) 1810 metres along the loaded tap balt from G via D to A
was 4,7 seconds, which gave a stress vave velocity, Vi,

of 385 metres per second along the loaded top belt,

G This lower stress wave velocity ds due to the damping
RN affect of the load on the belt and the additdonal
X 52
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carrying idlers in contact with the top belc referred

to in secedon 5,1.1,

5.2.2 Effect of belt loading.

It was shown in the previcus section that belt loading had a
algnificant damping offect on the dynamic stress wave veloeity.

Figures 5.16 and 5,17 compare the shut down behaviour of the BIS

conveyor under cspty and carrying 850 toms per hour conditions Sy

respectivaly, at
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Figure 5.16 Belt veloeity énd tension hehaviour of BI8 conveyor

during an wnpty shut down with no braking torque applied.




i
E ! \““
g
RO S
5 N
a NN
bl

BELT RS )
5
A

T T T T T T
HEREEEAERELE RS
THE (saconde ) AFTER SHUT 00N

Pigure 5,17 Behaviour of balt veloeity and tension of Bl§
conveyor during an 850 toms per hour shut down with no braking

torque applind,

Obeervations.

( 1) Belt tensions did not fluctvate much during the empty

shur down when campered to that of che loaded bel:.

¢ 44)  Haximum belt vension measured at the take-up pulley
during an empty shut down was 57RN whilst at the tail

pulley only 54 kN wae measursd.

S




(iv)
v
a.

A fairly constant rate of deceleration was measured
during the empty shuc down vith the exception of point
€ at the tail end of the belt where a slight

fluctuation vas detected.

The dynanic stress wave velonity along the return belt,
Vg from & via B to C wss the same under both ssts of
conditions namely 839 metves per second as before. The
load on the top belt had no effect on the dynamic

atrens wave velocity in the return balt.

The dynamic stress wave velocity in the empty top belt
Vp showm in figure 5.16 wvas however significantly
higher at 696 metres por second than was the case for
the loaded top belt shown fn figure 5.17. As before
the dynamic stresa wave veloedty in the belt loaded at
850 tons per hour, V,, wss 385 metres per second. The

explanation for the differences between Ve and

v, dst
The damping effect of belt carryimg idlers. The top belt is
carried by 1453 idlers and the return belt by 363. Whilet
both top and veturn balta were therafore empty the dampiug
effect of the idlers resuited in a reduction of dynamic
stress vave velocity froa Vp = B39 metrea per second to Vy =

696 matras per second:




(¥

The damping effect of the 850 tona per hour load carried by
the belt which caused a further reduction from Vg 696

metres par second to V, = 385 metres per sacond.

See anmexure C for theoretical stress vave velocity

caleulations.

(vi) Referring to figurs 5.17 & olearly defined secondary
dynamic belt stress wave initiated at polnt D 2,6
seconds after shut down when deceleration commenced at
this point, This dynamic atresa wave travelled
opposite in direction to the imitial stress weve which

travelled in the sama dirsction aa the belt.

Secondary stress waves in belts uormally result from pastial
raflections of & primary wave as it passes through the drive. In
the case of B18, howevar, the losded downhill belt section
attempted to “overtake" the losded uphill belt section. This
Tesulted in momentary slack belt in the valley. At 2,6 seconds
after shut down the primary stress wave had reached point D,
causing sudden dacelleration of the bslt at thia point, This
caused & ferk to the belt as the slack belt in the valley pulled
tight and initlated the secondary shock wave travelling back
alon;, the belt, Figure 5,18 ia a carpst plot of belt velocities
iliustrating the primary and secondary dynamic stress wave fronts
generatad in the belting during an BS50 tons per hour shut down

eyele.
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Further stress vaves are also scon on tha plot, however these are
contaminated due to interaction hetween the nitial wvaves and
reflections from the major pulleys in the system.

61 Top BALT W8 valey.

FRIARY O STRESS WAVE

BT VELOY (o)

Figure 5.18 Dynamic stress wavas in B18 conveyor belting during

an 830 tons per hour shut down cycle. .

The carpet plot shown in figure 5.18 and others in this report
relaie space, time and belt velocity to each other. They wvere
derivad from simulcanecus measuremens of velocities at poiats
ab,e, and ¢ along the belt, Velocttles ware recorded
comtinuously but plotted every 0,25 seconds alemg the X-axis.
Points representing the same time valus were then comnected vith
stzaight dotted lines to illustrate the velosity waves. Accurata
belt velocities are therefore only representad along the
continuons velocity traces shown on the catpet plots. Pigure
5.9, and 5.10 in section 5.1.2 of this report illustrated the
@ireet relationship becweon belt velocity wave propagation and
stress wave propagation hence the reforenca in figure 5.18 to

dynamic strass waves whilst technically we have velocity waves,




5.2.3 Inducing slack into the takéwup system,

The dynamic shock wave during a shut down cyele was iniciaced by
the sharp drop in velocity of the drive system jmmedfately after
shut down initiation. This resulced in & sharp incresse in bels
tennion in the take-up section immediately behind the belt drive

shown in figure 5.19,

Figure 5.19 Modiffed drivo and take-up arrangement of B18

conveyor,

The introduction of slack inte the belt in the take-up area was
attempred to counteract the benaion build-up in the beledng at

that point, This was achieved by replacing the gravity take-up




with a winch take-up and allowing the take-up winch to pay our

rope to tha take-up pulley for a period in excess of the first

dynamic tension cyels fn the belting dn the take-up area,

Figure

5.20 shows the results of one auch test when the take-up winch

paid out slack for 8,2 seconds after initietdon of the shut down

eyele when the conveyor carried 850 tons per hour,

BELT VELOCITY (a)

ATTVE

ST TERSIGN (NS AT

DRvE END TaxEIP

9218 TENSTH (kWb
gt

am SLACk HOUCED

r\_\\wwwm
" \_—\_\

5% 8%

§TT7

X IR XX

TIMEISECONDS] AFTEH SHUT DOWN

Figure 5,20 Introduction of dlack intc the drive take-up of Bi

conveyor durdng an 850 tons per hour shut down cycle.
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Obsarvations.

Fo significant change was detected at the tail pulley,

Toe introdustion of slack resslted in & veduced peak
stress of 63kN from 66kN in the take-up area as shoim

in figure 5,20 (b}.

Final belt stresaes after the belt had come to rest
remained unchanged in the take-up avea at S7RN but
slightly reduced in the tail end erea of the balt at

S52kN from the pravious 54kN.

No change took place in the stresa build up during the
firat second after shut down imitiation. This e due
o the alow reaction rime ef the winch. It can be seen
in figure 5,20 (b} that a significant change in stress
build up at the take-up occurs after the first second

when the winch gets up to full speed.

With the introduction of alack the belt decaleration
pattern vas slightly smoother and the belt tosk 5,6
seconds longer to come to rest as shown in figore $.20

ta).

1




Shutdown behaviour of 18 cosveyor was found to be controllable
by application of brakes at the tail of the belt and introducticn

of alack at the take-up pulley.

Braking ia stendsrd practice in many Lnetallstions but has &
negative affect on the oystem rellability. Some of the most
common failures of braking systems are worn bruke pada and
binding brakes, In addirion dncorrectly set brakes can result in
severs dynamic stress genoration at the teil pulley of the

convayor,

Introduetion of aleck at the take-up pulley at tha moment of shut
down initiation has not been applied to date ae far s the author
could establish, The tske~up winch reacts too slovly o provide

this slack,

The author proposes that further research should be carrded out
to design & system of stored tenelon which can be released with a
reaction time of 0,1 second and for long enough to arrest the
4nitial stress build-up after shut down. The end of the "slack
pay-ut cycle should also be gradual to prevent initiation of
yet another shock wsve into the system. Care should also be
taken to limit the amount of slack released into the system aince
too much nlack will pravent proper pre-tansioning of the belr and
will result in severe dynamie stresses induced in the belt during

the subsequent staxt up cycle.




5.3 START UP BEHAVIOUR OF B 18 CONVEYOR,

The Gnedehoop Colliery BI8 conveyor starting cycle operates as

followst

¢ 4}  The control system will allow a balc start 4f the

rafety cireoit comprising field emsvgeney stop
suitches, equipment sequence {nterlocking, and oil

eooling aystem are healthy,

( 41) Start butcon is pressed.

¢ 414) The take-up winch wlml; in to adjust the belt temston
to the "pra-start” value,

{ 1v) Brakes life off,

¢ v) the primary drive starta. This drive is equippad with

& high spaed scoop controlled fluld coupling. The
coupling scoop tube winde in at & pre determined rate
to control the ofl supply to the coupling whick in turn

regulates the primary drive torque build-up,




The secondery drive which is equipped with & delay fill
£luld coupling is driven by the belt chrough Lts gear
roducer and flusd coupling. At a pre-sclected time
delay after the primary drive start-up, the secondary
drive starte and ruas wp to full speed. The delay £ill
Eluid coupling has an internal regulator which

regulates oil flow from scarage to operating chambers

PR inside the coupling, 011 flow dn this coupling is
- sustained by centrifugal force.
B
. v { vii) When the beit is up to full speed the take-up winch
sy

A winds out to raduce belt temsion to a pre-selected

Mrunning tenston®.

Start-sip teats were performed on this conveyor to observe the N

effects of adjusting the delay time between drives, belt loading,

end take-up pre~censioning.

5 .
53,1 Start~up delsy variation.
The design specificacion for B18 conveyor called for a deven .
second deley betveen primary and sscondery drive start P
tritdation,
o
£ : .

S bl i ) v a aperie,
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Figure 5.21 shows a satisfactory accelerati-n curve uuder leaded
conditions for both a seven second and a 26,5 second time delay
start-up. This Zfigure alsc shows similsr behaviour ¢f belt
tengion at the belt take~up area. The design therofore specified
the ghorter start-up cycle in order to pravent unnecesssry
tempazatuxe build-gp in the £luid couplings, A complete analysis

of the loaded start will ha done in a later section.

BELT VELOCITY A7 DRIVE

4
! . AT TENSIN AT TAREUP
Ll

g
L. t———"] BELY TENSIGH AT KE-UF

. \_,_____\/_.J\

T -y T
IR EEEER TR Y Y]
Tibe {SSCNDS

Flgure 5,21 Time delay variation between the two drives of Bl
conveyor and its effect on belt acceleration and take-up tenaion

durthg 2 700 tons per hour starteup eyele,
What eeamed in order for starting undar loaded conditioms proved
to ba unacceptable for Staxting an empty belt, Figures 3,22,

5,23 and 5.24 show the hehaviour of all the beit start rest
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paremeters which vere monitored for three different drive dalay
conditions namely seven second delay, fourteen snd twenty seven

seconds delay.

PRIARY ORIVE TORUE

2 SECONDARY TOROUE
2. e T ot
5

y
I

BELT TENSTON AY TAKE-P

bE BELT TENSION AT TAL
5 S g P

ST Tl hghhodnhihnirnihoanh
THe e

Rrons)

Figure 5.22 Empty belt etert-up with seven scconds delay betweern

prinary and secondary drive moturs activation.

PRIMARY DRIVE TOROUE

SECONDARY DRIVE ToRUE

s B VELHGRTY A owe
k]

SET TSI AT TAKE-0P

IT gg\_iin ATt

TTUIbRhd bahhdbbrdidhndedl

nhie {Seddos)
Pigure 5.23 Empty belt start-up with 14 seconds delay botween

primary and secondary drive motors accivation,
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Figure 5.24 Empty belt start-up with 27 seconds delay between

primary and secondary drive motors activation.




figure 5,22, 5.23 and 5.24.

Secondary motar delay (sec) 7

Maximua torque (k¥m}

Primary drive 10
Secondary drive 21
Percentage of max. belt speed [
Maximum acceleration rata (m/ef) 6,67

Take-up belit temsion (KN)

Pre~start 39
Mindnun §
Maximum 48

Maximum tail pulley belt temsion (kW) 47
Acceleration time (ssc) 13

Time to settle down (sec) 45+

secondary drive start initiation.

drives undor empty conditiona.

Table 5.2 summsrises some of the importsnt values

21
a7

1,86 0

36

read  from

27

Table 5.2 Empty belt starr up with different time delays for

Figure 5.25 shows the maximim torque variation of the cwo drives

when starting I8 comveyor with varylng time delays betwean
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MAKINEUM TORQUE (ki)

TIME DELAY (secovos)

Figure 5.25 Maximup torque veriation with time delsy between

primery and secondary drives whon starting 318 comveyor empty.

Obgexvations,

¢ 1) A time delsy of approxinately 23 seconds gave

equdl meximum torque transmicted by drives during

start-up under empty conditions.
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The shorter time delay required sxcessively high pover
input from tha secondary drive which in turn generated
large dynamie strosses in the beiting, This was
confirmed by the very high rate of accelevation of 6,67
metres per second measured with the seven second time
deley compared to 0,98 matres per second with the 27

second time delay.

Take~up belt tensfon fluctuations were much smaller at
14 kN waximem with the 37/ eecond time delay compared

with the shorter ones at 42 and 46 ki respeccively.

Belt slip occurred during both the aeven and fourteen
second time delay starts. This is saen in figure
5.22. ar 1l seconds and figure 5.23 ar 1.5 geconds
This slipping was the main reason for the high rate of
belt acceleratfon seén with the seven mecond delay and
the wild take-up tension fluctuatiome with the seven

and 14 second time dalay sterts,

1t win noticeable that the belt settled down within 10
seconds after the second motor came on e 27 seconda
whilst in both other tests with the shorter time delays

the surging continued for & long time,




The longew delay time before starting the secondary drive
therefore suited the Bl installation, The external oil coolers
of the scaop controiled fluid coupling proved to be effective in

preventing oil overheating.

Replacing the delay fi1l fluid coupling of the sstondary drive
with a double delay £ill coupling would enshle a safer atart with

a shorter delay between drives.

The effectiveness of the fluid coupling in the ss-ondary drive
was largely lost bacause this drive was drivem by the belt prior
to activation of the sacondary drive. This meamt thar by tha
time it came om line a lerge quantity of the oil had flown from
the storage chamber into the working compartment of the coupling.
These couplings work on the assumption that the motor starts with
no load and oil flow into the working compartment provides a
smgoth load transition to the motor. It is obvious from the
above that this advantege is partly losc with seconddry and
subsequent drives after the bele had started moving as would be

the tage with eupty belts,

5.3.2: Effect of belt load on start up dynamic shock loads.

Reference wid mide in section $:3.1 to the fact that the loaded

belt acceleration pattern showed little varistion between shorter

and lopger inter-drive start up delays.




for varicus loud conditions.

Load Take-up Tensfon (kN)

[¢R AN Hindnm Haximum

0 a7 51
440 2 59
726 5 57
850 9 66

load conditions on Bl§ conveyor,

Tshla 5.3 shows a compaxison of belt tension in the rake-up ares

Tengion

Variance

38
52
57

Table 5.3 Take-up tension variation during start up for various




From the above tsble it ig seen that:

¢ 1) The shock wave was initiated in every case by the

activation of the secondary drive.

( 41)  The peak valus  the shock wave was proportional to

the load carrfed on the belt,

Figure 5.26 is a carpet plot of BIB conveyor belt velocities
under loaded conditions and figure 5.27 for an empty belt, Note
the prasence of a small shock wave immediately after etart
initiation of the belt and the inatantaneous velocity chenge when
the gecondary drive was activated ar 18 seconds in figure $.27.

Viclent shock waves are clearly seen in the following 20 seconds.

The acceleration rate of theé loaded belt 4n figure 5:26 wes
teduced compared to that of the empty condition and this was
followed by & lower velocity shoek wave after the activation of

the secondary dvive.

A comparison of peak velocities, which in both cases occurred at
the tail pullsy showed that the loaded belt reached a veloeity of
approximately § merres per second and the empty belt
approximately 4.5 metrea per second. The corrasponding belt

tensions were 69 kN and 59 kN respectively.
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dvante

From the above it would seem as if the loaded belt with its lower
accaleration vate should have suffered lower dynemic atresses

than the empty belt with its violent velocity change. The

of the alowsr 1 of tha loaded belt in the

shape
assiat
of the

the rei

5.2.3.

Table

dynamts

case of B8 conveyor is however countavacted by the catenary

of the conveyor. The downhill section of the belt is

ed by gravity during hence the

acceleration Tate of the belt towards the tail sectfon and

sulting higher dynamic stresses,

Effect of belt pre-tension on start up behaviour

Harrison ((986) proposed optimisation of pre-tensioning of the

belt teka-up prior to start initlation as a method of imiting

e stresses during seart up, Uhis theory was tested on

B18 conveyor. The results are shown in table 5.4.

Pre~tension Dyr saé Tension (kN} Tenston
Ny Minimin Haximum Variance (KN)
40,9 6,7 7,7 41,0
43,6 5.2 51,0 5,8
49 10,8 47,7 36,9

5.4 Bffect of pre-tension variation on dynamic Stresses

during a 730 tons per hout start.




Barriscus theory 18 not confirmed by the Tesults tabulated sbove.
Test (b) should howsver be discarded since belt sltp occurred
when the take-up tension dropped as low as 5,2 kN, This may

explain the subsequent unexpectedly high meximm tension,
A comparieos of tests (a) and {c) in table 5.4 then confirmy the
theory that a higher pre-tenslon results in a smoother start up

cyele with lover dynamic stress variation.

This phenomenon is the main reason why conveyor shut down

behaviour and methods of teducing dynamic stredses during

shutting down catnot be viewed in isclation, It was shewn before

that releasing slack into the take-up belt resulted in & smooth

stopping action with minimal dynamic strepges in the belt. The

test o question was the one preceeding the test in tebla 5.4

(a). As sean sbove the consiquence of the improved atopping
achieved by excessive slack induction, was aggvavation of R I

dynamic stresses during the following start cycle.

Por the same xeason it 18 not advisable to alter any paremeter of tu
the conveyor control mechanisms without confirming its effect on

the behayiour of all the vther paremeters. b

e - . j
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CHAPTER §

CONGLUSTONS AND REGOMMENDATIONS

6.1 COMCLUSTONE.

Dynawic stresses in BI8 comveyor at Goedehoop Colliery were
found to be iniciated hoth during starting and stopping from the

Tate of applying end remeving the conveyor driving power.

The catenary shape of the overlsnd conveyor complicates the belfs
dynamic stress behsviour, but wsa not found to be the source from

which dynamic stress waves were initisted,

The braking system fnstalled at the tailwend of the conveyor hed
a damping effact on circulating dynamic stresses during the shut
down cycle. At the same time vhe spplication of brakes increased
the belt teneion ar the tail pulley. Brake adjustment for
braking torque and rate of application proved to be critical.
Poor maintenance Of brakes can Yesult in brekes binding during
romal running of the belt end an excessive braking Torque
applied during stopping. This in tuyn will fnitiate destructive
dynamic stresses at the tail end of the belt during the stopping

eyciss




The winch controllad eake-up which replaced the gravity take-up
system on B18 conveyor proved to be successful in withstanding
the large circulating stresses in the belt. It also served a
vseful purpose to provide sufficient pre-temsioning of the belt
for the sta-.ing cyele - a4 factor which servad to Teduca pesk
stresses in the helting, During stopping cycles the wineh was
succeasfully employed to release initial stress build up in the
teke-up belt vhich in turn danpened the circulating dynawte

stresses in the conveyor belt.

The load carried by the helt had a damping effect on the streas
wave velocity, This made atresa peaks during atareing less
erivical, At the same time, however, belt loading incressed
dynamic stress peaks during the stopping cycle, a phenomeron
which ifmited the B8 belt safe carrying capacity to 800 tone per
bour, The use of brakes at the tsil end of the conveyor allowed
a aafe carrying capacity of 1 000 tons per hour which was in line

with the designed capacity of the syatem, '

Gontrolling the spplication and removal of belt driving pover of
this installation was limited to vartstion of the acoop
controlled coupling torque build up and tae time interval between
inittation of primary and secondary drives. The primary scoop
controlled coupling drve vas never a factor in the generation of
dynemic stresses whilst the delay i1l hydraulic coupling
secondary drive proved to be the source of dynamic stresses

during the starcing cycle. Tho timing betwen drives initiation
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was not as critical when starting a loaded belt from the potut of
stress generation as vae the case when starting an empty balt. A
far greater time delay then that recommended by the equipment
suppliers proved to be the optimum setting to give satisfactory

start up behaviour under loaded and empty conditions,

Contzolled driving torque removal during stopping was ruled out
as & means of ieducing dynamic stress peake. Whilst the
effuctivenens of the method 1s recognised by the suthor the
practicality of it 1s questioned in the came of the BI§ canveyor
installation. This conveyor is at the rear end of a whole train
of equipment that is all sequence {nterlocked which means that
any item stopping ahead of BLE conveyor would result in an
emergency stop of BIB, I addition BI8 is fitred with emergency
devices which again could cause emergency atops, It is therefore
necessary to ensure that the systom design should catar for the
condition when all driving power is removed instantaneously as is

also the case during & total power failure.

6.2 RECOMMENDATIONS.

Dynamic stress waves in the belting of this conveyor installacion

w1l never be entirely eliminated. Steps can be taken to

winimise these stresses,




e
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6.2.1  Braking system.

The present braking system is to be maintained in order to ensble
the belt to carry the aystem designed capacity of 1 00D toms per
hour, Care should be taken that brakes sre correctly adjusted at
all times to operate effectively without inducing exceneive belt

strese at the tail-end of the belr,
6.2.2,  Shock absorbing system.

Releasing slack into the beit take-up during stopping proved to
be partly successful in absorbing the shock wave fnitiated by the
sudden vemoval of driving power, Further research in this atea
should be done to develop a system capable of releasing the
required slack with a responde time of 0,1 second as discussed in

section 3.2.3.
6.2.3,  Pre-tensioning.

The winch take-up control systen on this conveyor must be
maintained to provide a belt pre~tension of between 45 kN and 50
KN before ‘he balt staxt-up sequonce is initiated. This will
assise in limiting dynamic strees build up during belt starceup,
Once the belt s up to full speed the take-up temsion cem be

released to batween 25 kN and 35 .




The reason for giving a range within which to operate takeup
tension 18 to provent huntdng of the winch whilst attempting to
cantrol to & single set point. It was shown previoualy that belt

tonsion varies all the time during full speed rumning conditions,

It should not be attempted to control bele rension with the winch
during the shut down cycle. Apart from the fact thar the winch

reaction time is far too slov to follow dynemic stress wave

passing through the take-up avea, there s also a resl danger
that wineh movament during shut down could opposs a dynamic
stress wave pagsing over the take~up pulley resulting in
instantancous doubling of the peak stress value. Thia could in

tnrm caue snapping of the conveyor belt,

6.2.4  Drive starting torque,

The present drive configuration of primary drive with scoop
controlled fluid coupling and secondary drive with deley f£11)

£lutd coupling 1o unsatistactory.

The time delay batween primary and secondary drives starting
under these conditions must be batween 20 and 30 secends to

minimise dynamic stress generation,




It 18 recommended to replace the secondary drive delay f11l fluid
coupling with a doubla delay £411 fluid couplimg to reduce the
unsatisfactory rapid torque build-up rate, vhen this drive is

started, to an accepshle level,

Such a modification will ales enable a shorter delay between

primary and secondary drives starting.
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FIGURE 5:5 BELT VELOCITIES UNDER STEADY

RUNNING CONDITIONS
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FIGURE 5.6 CARPET PLOT OF CONVEYOR B18
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A: AT DRIVE PULLEY .
B: TOP BELT IN VALLEY.
C: TOP BELT AT TAIL. ., "

FIGURE 57 CARPET PLOT OF B18 CONVEYOR VELOCITES
DURING A LOADED START
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MECHANSCAL ENOINGERING DEPARTHENT
MOTE_FOR JHE BECORD.
IORGUS MEASUREHENT AND CALIBRATION OF SYRAIN aGMS
SF_819 CONUEYBR FOR GOEDEHDUP COLLIERY

The calibration procature of sirain gauged drive and brake shafts
and the formulas used to derive the tarque measured oo thase
shafts is detalled below,

SHEAR_9TRESS HEASUREMENT
ro= T [5%)
)

(a1

Iz €= € (assumtng gauge is alignad
=€  along prinsipal axial

_)/ fag-g, = 2¢€ 4t
%

(4) wEiIENald for a tun are active bridge i.e.

DD 87 G briagn strain vad be aqunl to the
shear strain

(st
T <
4f a four arm active bridge wére usad

¥u oz - 18

ey




cansider {8)

Y= 7i6m 27 4]

€
Y = 88T tikvi [£31

Enp

171 gives the rolationshiy betwsen actual shear stratn and torqus.
The aetusl shaar #train and bridge strain are related by the
ndnber o gauges which a ive. Each gauge 1 aligned sleng
the principal axis (4 43° snd will mansure & or Cy.

single active armi €« € &~ 0 €8 = £,m € & ¥/2 el
. tws activa ans Grg Gt Bagogaa 13
four active arme @ €y 2€ Eye-2€ €D = € Eyn 4€ m 2 (103

Substituting (sv, (91, mn intg 172

& - 16T 14w} single activa arm 1y

N
& = aanm) - 2ef duuble uctive arm t1z1

four active arms (81

@ ghunt resistor is pladed mcross one arm of the bridge, This
sinulates a bridge srain for singla activa gauge, Howevar if
in faet mare gauges are aciive then tha calbiratian atrain yhould
ba used as & bridge strain and the torgus ralatienchip should be
calculated swenrding tu foemuli (113, (12), 113). Altarsstivaly
the bridge strain cas be qenverted by dividing by the numbar of
activa geuges and then czleulating the terqua relationship as &
singla active gauge .g.

calibration signal due to shuni resistuace : €8 = 50 pE . . N
four active sems: (38}

50 % 16* = et 1431 ¥= 0,3 IPotaxan’s Ratial

Z00xid 110,167 o 0,16m

T = 546 KHISO e 304ER = AThav (GUHP brake CHY
T a 4482 KNivolt
T & 88,9 NM/bEB ¢ B 2061 NM/CH@SI0 mv/cm}




-

Alternativaly the mathod of uxing the corrected bridge strain
could e w

4.8, @ shunt rasister agquivalent to a 50 PE o¥fsst gives an actual
. bridge steatn of 13,8 pe,

T = 1546 NH/12.5 PE sct = 123,86 NN/ME act

Notas The calibration sensitivity Th, Tact are a factor of Four
differant, however this is due to the factor of 4 betueen the
bridge strain used in Th and the actual strain usad for Tact.
Tranafarming tack to units af NR/mv Will reveal the same
calibration and chart deflectians, i.e.

Tact = 125.6 NH/NE et

15 V€ ot @ 450 nv .

Tact « 4123 NM/valt (s 2061 NM @ 500 aw/Tm)

f% cun be sean cansistency in the calibratian is naintatnod.

The mansured brigge strain ured for calibration is calculated
acearding to the follawing formula,

we = g x 1t 8 € = memstrad miceustrain
GF (R % Rg) OF = gauge factar

Rg = sctive gauge rasistence

R = shunt gauga resistance

Thus a 966K resistor for a 3300 bridge las dsed for tha drive
shafts) ylalds a bridge strmin of = (71
94ince the gauge facter = 2,12

Hota Gauge Resistanca for gaugas used on the brake an-n 1a 1200
With gauga factar 2.1 (¢ is impartant iherafors to alwayl

calibrute the strain gacge bridges prinr o tusting so that the . o
bridge autput in teems of mv/PE is known, i

In this regard note must be made of thewe values when analysing Oy
the torque traces obtained during taests carried out on tha shafts, g

Toraus. messursd. on. grive shatts uoder an Unknawn helf lend .

Strain maacurem: taken o 17/12/87 at the driva énd af the
belt. Referenca is made to the attached tracas whare ¢ B .
relatisnabip batween the torque, the straln and ‘he analog signal 3 .

autput are made,




A bridge autput of 200 mv yields a bridge microsirain of S40KE
Applying thase figuras in formula 13 sbove yields & torgue af
14.68kNn for 800 mv (840 PE} bridge output. The diameter of the
shaft 1s 0.18 m and € is tahen as 200x{G N/m

S

The maximum starting torqua s then 20,97 KNm far the primary
drive and 99,7 KNm for secandary drive.
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ANNEXURE ©
THEORETICAL STRESS WAVE VELOCITY CALCULATIONS FOR B18 GONVEYOR

Coulson (1955) derfved a formula for the velocity of longftudinal waves fn

bars and springs,
c= §Mp (n/s} [}

Whers € = Tongltudinal wave velocity (m/s)
. = Young's modulus for the materdal (N/m
o = mass pec untt Tength (kg/m)

Because of the composite construction of conveyor belting, it §& customary
to refer to the "balt wodulus' rathar than Young!s moduTus in conveyor
catedattons,

8ett moduTus E 1s defined as the allawable belt tension per metre width, As
a general rule the suppliers of B18's belting use a figure of

{5+8 x belt class x no, of piies) kN/m for fabric belting.
In the case of B18 conveyor

E = 5,8 x 650 x 3 kN/m
= 11310 kN/m
= 11310 x 103 N/m

It therafora follows that A = Ewr where W = belt width (metres)
Equation (1) then becomes,

G = JEw/p {m/s)

Referring to section 5.2.2 1n the main project report on Bi8 conveyor dynamic
strass wave behaviours the following theoretfcal stress wave velocities vere

catculated,
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Case 1

Stress wave

"
The measured

Case 2

Stress wave v
hour carried.

In this case

The meastrad

velocity in the carrying strand of B18 conveyor - no load

carried
Ve = ¢, = B, nrs
whers E = 11310 kN/m
W o= Lo
b, = belt mass/m + idler mass/m

13,903 + 15,1 kg/m
29,003 ky/n

Vg = /11310 % 10% x 1,2/29,003 a/s

684 m/s

stress wave velocity was 696 m/s

eloctty fn the carrying strand of B18 corveyor - 850 tons per

# s fncreased by the mass per metrs carrfed:

Load rate/belt speed
850 x 1000/{3600 x 3,9) kg/m
60454 kg/m

29,003 + 50,54 kg/m

9,543 kg/m

& W= Oy = /11910 x 107 X 1,2/89,543  w/s

389 n/s

stross wave velocity was 385 m/s,




Case 3
Stress wave velocity in the return strand of B18 conveyor,

Because of the fewer idlers on the return side of the conveyor, p fr this
caso {s less than for case 1.

13 = 13,903 + 3,44 kg
= 17,343 kg/m

V11310 x lt?x 1,2/17,343 /s

= B84 m/s

V=

The measured stress wave velocity was 839 m/s
REFERENCE

Coulson, C A (1955) "Haves, a mathematicsl account of the common type of
wave motion®, pp 51-52
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