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the development of longer and

introduction of high speed conveyor belts. This had the desired

sd mainly with long end/or high speed

never considered in conventional design

designing conveyor structures. Conventional design considered 
the conveyor belt ae a rigid body. This approach assumed that 
the entire length of belt started moving as the drive pulley 
started moving.
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belting during

Figure 1.1 Croee



emergency shut down the stress shock

Primary drive pulley



Emergency repairs were done and the ayotea waa recjmniesloned 
with, a motorised winch take-up and limited to operate at a 
maximum of 800 tone per hour. The required capacity waa I 000 
tone per hour and the designed capacity I 200 tons per hour.

1.3 AIM OF THIS STUDY.

The dynamic shock wave problem has only raised its head in the 
last decade. In this period relatively few systems experienced 
shock wave p'.oblema to the extent that drastic steps were 
necessary to overcome them. It is therefore understandable that 
no eet behaviour pattern of conveyor shock waves has been 
established to date. At least two mathematical models have been 
developed to describe conveyor dynamic stress behaviour 
(Morrison, 1985 and Nordell, 1984) but none of these have been 
calibrated to cater for a variety of conditions pertaining to 
real problem Installations.

The purpose of this study la to determine from an analysis of 
test measurements taken over a period the magnitude and motion of 
the dynamic stresses present in the 818 conveyor belting during 
the starting and shut down cycles of the system. The study will 
also research the origin of these stresses and analyse the 
factors which influence the dynamic stresses.





C H A P T E R  2

LITERATURE REVIEW.

Since the early 1980'a several papers have been published on 
dynamic stresses In conveyor belts. Research has taken place 
in Australia, the U.S.A. and Germany.

The subject of dynamic stresses in belt conveyors was raised at 
virtually every belt conveying conference held in Che 1980'a.

One of the earliest papers on this subject was written by 
Harrison and Roberts (1983). They recognised the need Co reduce 
belting cos'- by reducing belt stresses. They noted the high 
dynamic tensions in belting during stopping and starting cycles. 
Their analysis indicated that shock wavea resulted from 
discontinuities in the drive system during acceleration auch as 
the awitching in of aecondary drives and the audden removal of 
drive power when shutting a conveyor ayetem down.

Figure. 2.1 ahowa the ideal acceleration 8 curve, aa suggested by 
Harrison & Roberts (1983). The deceleration cycle should be a 
Mirror image of thie curve.
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Figure 2.1 Ideal belt velocity characteristic to minimise
transient tensions at start and stop (Harrison and 
Roberta, 1983).

This paper also illustrates the detrimental effect of applying 
severe braking torque to a downhill regenerative conveyor belt 
namely aevere stress fluctuations in the belting.

Herrieoti -published another paper on the subject (1986). He 
reported on dynamic stress front velocities in steel chord 
belting. His teats were conducted in a laboratory. He showed 
that belc tension is proportional to stress front velocity and 
that stress front velocity la approximately equal to the speed of 
sound in steel chord belting.

Factors damping stress fronts (i.e. causing retardation) were 
found to be:

a. Idler contact - which is related to belt tension and number 
of idlers.



Harrison also published a paper describing methods of reducing 
dynamic loads in conveyor belting (1935), He showed that dynamic 
stress Is proporcloal to instantaneous belt velocity.

He aleo listed possible sources from which dynamic stresses can 
be generated during conveyor starting and shut down cycles.

a. Large starting torque,

b. Long take-up loops.

c. Incorrect belt pre-tension before start-up.

d. Rapid belt deceleraton.

Harrisons' account of events during a starting cycle is as 
follows!
"During the start-up of gravity take-up systems, the gravity 
take-up moves down as the drive drum rotates. II the return belt 
tension la less than the mass take-up force, the return belt does 
not move until the atrees In the carry side has propagated around 
the whole belt. At this point, the take-up mass Is required to 
move up as the return belt surges to a substantial proportion of 
the final belt speed.



The screes In the belt and structure of this type of design may 
he ten times the static stress. A long take-up loop in this 
situation causes instabilities in the belt at the tail due to the 
need to accommodate the extra belting as the return belt surges 
around the tail pulley and catches up with the carry-side belt. 
A small differential velocity causes severe belt ssg and material 
spillage as the belt is pulled tight by continuing drive tension. 
This effect also occurs at conveyor shit dovn,"

Harrison proposed several solutions to the problem:

a. The use of wound rotor motors with stepped rotor resistance 
control to apply and remove driving torque in acceptably 
small increments.

b. The use of short take-up loops.

c. Using optimum pre-tensioning of the belt before applying 
starting torque.

d. The use of winch controlled take-up rather than gravity 
take-up to provide high enough starting pre-tension and a 
reduced running tension during steady state conditions.

e. The use of a hydraulic buffer at the head drive gravity 
take-up trolley to provide addlcicnal belt tension as the 
forward running take-up trolley is checked by the hydraulic



Harrison warned about the danger associated with the use of winch 
controlled gravity take-up systems.

a. Winch motion oust be synchronised with belt motion to 
prevent the winch winding in <it the some time as the arrival 
of a dynamic shockuave at the take-up pulley. This would 
rosult in unaceeptably high instantaneous stresses in the 
belting vhlch to turn can lead to belt splice failure.

b. Minch reaction tlae Is alow.

Be concludes that "unless the dynamic behaviour of the belt Is 
exactly known for all conditions of load, It la very dangerous to 
expect the winch to track dynamic tenaions automatically during 
stopping In particular, and to oalntain uniform belt and 
structure load. The phase between the winch action end the bait 
motion Is critical If higher stresses are not to be produced Into 
the structure".

Nordell (1984). published a paper on the subject in which he 
presented an introduction to the modern analysis techniques used 
In determining the magnitude of the dynamic transient forces 
propagated in a conveyor belt during its starting and stopping

%
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Figure 2.3



Referring co figure 2.2

Ki Elastic modulus of the belt material as in a spring obeying

Hi Rolling friction or indentation loss of the belt in contact
with belt rollers. It is represented by a combination of a 
dash pot and a spring.

G: Belt sag between Idlers.

Vi Conveyor drive losses i.e. the rotating elements.

Cs Transitional static to dynamic friction analogous to a 
sliding block on a dry surface.

Dynamic simulation of the complete conveyor is accomplished by 
dividing the belt into a specified series of finite elements each 
having a lumped mass and an individual Theological spring 
response structure shown in figure 2.3 above.

The general equation of motion, which describes the transient 
force-displacement relationship, is given In the form:

F(t) - MS + Kj* + Vk + + C(x,F(t)) + G(x)
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belt conveyor (Ztir, 1986).



Institute of Materials Handling and the South Afticati Institute of

in long conveyor belts.

thoei presented in s previous paper by the

presented graphic displays of

zomplete picture of the tension and velocity dynamics fur the

system during the design process.



Curing "Belccon A", a conference held by the South African 
Institute of Materials Handling and the South African Institute of 
Mechanical Engineers, several papers were presented on the 
subject of dynamic atrersea in long conveyor belts.

Surtees (1967) discussed several case studies along the same 
lines ae those presented in a previous paper by the same author.

Funke (1987) presented a short paper at Beltcon 4 describing the 
dynamic stress wave phenomenon.

Morrison (1967) addressed Beltcon 4 describing the results 
obtained from hie finite element d'namic model of a conveyor. He 
presented graphic displays of three dimensional plots depicting 
stress waves. He discussed several case studies with the aid of 
three dimensional carpet plots of conveyor velocity behaviour 
during start up and shut down cycles. He demonstrated with the 
aid o$ carpet plots the effect of primary and secondary drives 
and belt loading on belt tension.

Morrison concludes that the model enables desî jnrs to have a . 
complete picture of the tension aod velocity dynamics for the 
whole belt as an aid in understanding behaviour of a conveyor 
system during the design process.





common aspect In all ot the literature referred

design guidelines which would be applicable



Drive pulley torque during starting.



Figure 3.1 Location of
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Figure 3.2 Surface Bleak Plan - Goedehoop Colliery.

coat processing
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the conveyor in figure 3.1. Availability of 
aasurlng devices wirding equipment
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categories namely "shut down1'

Percent Full Load Driving Torque 
Empty Belt Loaded Beltafter stop initiation

Variation of driving torque



Maximum braking torque (kNo) 5 10
Time delay (seconds) to apply brakes 4,5 1,1
Tine (seconds) to fully apply brakes 6,5 3,6
Dynamic belt tension (kH)

At take-up! minimum 48 48
maximum 66 61

At tail pulley:minintum 46 48
maximum 59 66

Static belt tension after stopping (kN) 57 60
Dynamic stress wave velocity W a ) ;

In empty return belt (VR) 839 839
In loaded top belt (VjJ 385 385

Table 4.2 Effect of braking torque variation on dynamic stress 
weve intensity end velocity.

Balt loading (t.p.h.) 850 850
Braking torque (kNm) 5 10
Average deceleration rate (m/s*)

At drive 0,205 0,212
Return belt in valey 0,209 0,219
At tail pulley 0,209 0,215
Top belt in valey 0,212 0,218

Table 4.3 Effect of braking torque variation on belt 
deceleration rate.





after stopping (kN)i



deley (sec)

Loading on take-up tensitm.



Dynamic Tension (kN)
Maximum Varlance(kN)

Effect of belt pre-tension
behaviour





long elastic band uich evenly distributed
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high tension, Tj





Figure 5.3 Effect Immediately after power cut

take-Up belt Increases immediately after the power c 
drive pulleys due to the belt now becoming the driving

the tail pulley.
shown in figure 5.4,





local belt velocity





Figure 5.7 Three dimensional plot of velocities





Figure 5.8 Three dimensional plot of
along B18 conveyor during an

ansfornati



starting cycle
figure 5.10



■o





>»•

the conveyor driving





of velocity end





secondo end braking torque reachau 15 kHm in another 2,5 aaconde,



Minimum Braking Maximum Braking
Av. Deceleration Av, Deceleration

Location rate (m/s') rate

A 0,205 0,212
8 0,209 0,219
c 0,209 0,215

D 0,212 0,2ia

Table 5.1 Comparison of deceleration rate of the Goedehnep B16 
conveyor during an 850 tons per hour ahut down with variation of 
braking torque.

RofeYTlag to figures S.13 and S.lfc • table 5.1, the following 
observations ware made:

( 1) Local velocity variations were less intense with
naxllmlm braking torque applied.

( 11) The higher braking torque aesistad to eliminate the
velocity surges of the loaded belt in the valley with 
consequent spillage reduction.



(ill) Peak belt tension at the drive was lower at 61 kN
compared to 66 kN td.th higher braking torque at the 
tail end of the belt.

( iv) Belt tension fluctuation at the drive was lono with the
higher braking torque.

( v) The drive take-up tension was higher after the belt
came to rest (60kH compared to 57kN) with the higher 
braking torque. This is advantageous for the following 
start up cycle to reduce dynamic stresses during the 
start up cycle.

( vl) Peak belt tension at the tail was higher at 66kN
compared to 59kN, with Increased braking torque. ' This 
largely offsets the advantage gained by reduced belt 
tension at the drive pulleys.

(vii) Time taken for the dynamic stress wave to travel the
1678 metres between points A and C along the return 
belt was 2 seconds, which gave a stress wave velocity, 
VR, of 839 metres per second along the return belt.

(vili) Time taken for the dynauic stress wave to travel the
IS.tO metres along the loaded top belt from C via D to A 
was 4,7 seconds, which gave a stress wave velocity, V̂ , 
of 385 metres per second along the loaded top belt. 
This lower stress wave velocity is due to the damping 
effect of the load on the belt and the additional









(b) The damping effect of Che 850 tona per hour load carried by 
Che belt which caused a further reduction from VR - 696 
metres pet second to - 385 metres per second.

See annexure C for theoretical stress wave velocity 
calculations.

(vl) Referring Co figure 5.17 e clearly defined secondary
dynamic belt stress wave Initiated at point D 2,6 
seconds after shut down when deceleration commenced at 
this point. This dynamic etreaa wave travelled 
opposite In direction to the initial stress weve which 
travelled in the same direction as the belt.

Secondary stress waves in belts normally result from partial 
reflections of a primary wave as it passes through the drive. In 
the case of B18, however, the loaded downhill belt section 
attempted to "overtake" Che loaded uphill belt section. Thia 
resulted in momentary slack belt in the valley. At 2,6 seconds 
after shut down the primary stress wave had reached point D, 
causing sudden deceleration of the belt at thia point. This 
caused a Jerk to the belt as the slack belt In the valley pulled 
tight and initiated the secondary shock wave travelling back 
alont, the belt. Figure 5.18 is a carpet plot of belt velocities 
illustrating the primary and secondary dynamic stress wave fronts 
generated in the belting during an 650 tons per hour shut down





achieved by





Observations.

No significant change u : the tall pulley.

Tm  Introduction of alack eeeulted in e reduced peak 
stress of 63kN from 66kS In Che take-up area as shown 
In figure 5.20 (b).

Final belt stresses after the belt had cone to rest 
remained unchanged in the take-up area at 5?kK but 
slightly reduced in the tail end erea of the belt at 
52kN from the previous 54kN.

Ho change took place In the strese build up during the 
first second after shut down initiation. This is due 
to the slow reaction time of 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 deceleration 
pattsrn was slightly smoother and the belt took 5,6 
seconds longer to come to rest as shown in figure 5.20



prevent proper pre-tensioning of the belt and
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The secondary drive which is equipped with a delay fill

reducer and fluid coupling. At a pre-selected time 
delay after the primary drive start-up, the secondary

"running tension".

Start-up delay variation.

The design specification for B18 conveyor called



Figure 5.21 shove a satisfactory acceleratjm curve under loaded 
conditions for both a seven second and a 26,5 second tine delay 
start-up. This figure also shows similar behaviour of belt 
tension at the belt take-up area. The design therefore specified 
the shorter start-up cycle in order to prevent unnecessary 
temperature build-up in the fluid couplings. A complete analysis 
of the loaded start will he done in a later section.

Figure 5.21 Time delay variation between the two drives of B18 
conveyor and its effect on belt acceleration and take-up tension 
during a 700 tons per hour start-up cycle.

What seemed in order for starting under loaded conditions proved 
to be unacceptable for starting an empty belt. Figures 5.22, 
5.23 and 5.24 show the behaviour of all the belt start test

it



primary and secondary drive motors activation.

sb i \  it 6  Jo”*- & & ii  in it & U

-up with 14 seconds delay betweenFigure 5.23 Empty belt
secondary drive motors activation.
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The longer delay time before starting the secondary drive 
therefore sultfld the B18 Installation. The external oil coolers 
of the ecoop controlled fluid coupling proved to be effective In 
preventing oil overheating.

Replacing the delay fill fluid coupling of the secondary drive 
with a double delay fill coupling would enable a safer start with 
a shorter delay between drives.

The effectiveness of the fluid coupling In the 86'ondsry drive 
«as Largely lost because this drive vas dilveti by the belt prior 
to activation of the secondary drive. This meant that by the 
time it came on line a large quantity of the oil had flown from 
the storage chamber Into the working compartment of Che coupling. 
These couplings work on the assumption that the motor starts with 
no losd and oil flow into the working compartment provides a 
smooth load transition to the motor. It is obvious from the 
above that this advantage is partly lost with secondary and 
subsequent drives after the belt had started moving as would be 
the case with empty belts.

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

Reference was made in aection 5.3.1 to the fact that the loaded 
belt acceleration pattern showed little variation between shorter 
and longer inter-drive start up delays.



Table 5.3 shows a comparison of bait tension in



From che above cable ic la seen that;

(. 1) the shock wsve was initiated in every case by the 
activation of the secondary drive.

( 11) The peak value the shock wave wsa proportional to 
the load carried on the belt.

Figure 5.26 Is a carpet plot of B18 conveyor belt velocities 
under loaded conditions and figure 5.27 for an empty belt. Note 
the presence of a small shock wave immediately after start 
initiation of the belt and the instantaneous velocity change when 
the secondary drive was activated at 18 seconds In figure 5.27. 
Violent shock waves are clearly seen in the following 20 seconds.

The acceleration rate of the loaded belt in figure 5.26 we a 
reduced compared to that of the empty condition and this was 
followed by a lower velocity shock wave after the activation of 
the secondary drive.

A comparison of peak velocities, which in both cases occurred at 
the tail pulley showed that the loaded belt reached a velocity of 
approximately 5 metres per second and the empty belt 
approximately 4,5 metres per second. The corresponding belt 
tensions were 69 kN and 59 kN respectively.





From the above it would seem as if the loaded belt with its lower 
acceleration rate should have suffered lower dynamic atresses 
than the empty belt with its violent velocity change. The 
advantage of the slower acceleration of the loaded belt in the 
case of B18 conveyor is however counteracted by the catenary 
shape of the conveyor. The downhill section of the belt is 
assisted by gravity during acceleration, hence the magnification 
of the acceleration rate of the belt towards the tail section and 
the resulting higher dynamic stresses.

5.2.3. Effect of belt pre-tension on start up behaviour

Harrison (1986) proposed optimisation of pre-tensioning of the 
belt take-up prior to start initiation as a method of limiting 
dynamic stresses during start up. This theory was tested on 
BIB conveyor. The results are shown in table 5.4.

Pre-tension Dyr .me Tension (kN) Tension
(kN) Minimum Maximum Variance(kN)

Table 5.4 Effect of pre-tension variation on dynamic stresses 
during a 730 tons per hour start.





belts

rakes binding during 
sive braking torquenormal running of



The winch controlled take-up which replaced the gravity take-up 
system on B16 conveyor proved to be successful in withstanding 
the large circulating streeses in the belt. It also served a 
useful purpose to provide sufficient pre-tensioning of the belt 
for the sta .ing cycle - .1 factor which served to reduce peak 
stresses in the belting. During stopping cycles the winch was 
successfully employed to release initial stress build up in the 
take-up belt which in turn dampened the circulating dynamic 
stresses in the conveyor belt.

The load carried by the belt had a damping effect on the stress 
wave velocity, This made stress peaks during starting less 
critical. At the same time, however, belt loading increased 
dynamic stress peaks during the stopping cycle, a phenomenon 
which limited the BIO belt safe carrying capacity to 800 tons per 
bout. The use of brakes at the tail end of the conveyor allowed 
a safe carrying capacity of 1 000 tons per hour which was in line 
with the designed capacity of the system.

Controlling the Application and removal of belt driving power of 
this installation was limited to variation of the scoop 
controlled coupling torque build up and fcne time interval between 
initiation of primary and secondary drives. The primary scoop 
controlled coupling drive was never a factor in the generation of 
dynamic stresses whilst the delay fill hydraulic coupling 
secondary drive proved to be the source of dynamic stresses 
during the starting cycle. Tho timing between drives initiation





6.2.1 Braking system.

The present braking system is to be maintained in order to enable 
the belt to carry the system designed capacity of 1 000 tons per 
hour. Care should be taken that brakes are correctly adjusted at 
all tiroes to operate effectively without inducing excessive belt 
stress at the tail-end of the belt.

6.2.2. Shock absorbing system.

Releasing slack into the belt take-up during stopping proved to
be partly successful in absorbing the shock wave initiated by the 
sudden removal of driving power. Further research in this area 
should be done to develop a system capable of releasing the
required alack with a response time of 0,1 second as discussed in
section 3.2.3.

6.2.3. Pre-tensioning.

The winch take-up control system on this conveyor roust be 
maintained to provide a belt pre-tension of between 45 kN and 50 
kN before he belt start-up sequence is initiated. This will 
assist in limiting dynamic stress build up during belt start-up. 
Once the belt is up to full speed the take-up tension can be 
released to between 25 kN and 35 kN.



of primary drive with scoop 
:ondary drive with delay fill
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Punks, H (1987) ''Longitudinal Vibrations during Transient 
ating Conditions of Belt Conveyors" Beltcon 4, South Africa
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F I B  3 - 1  LO C A TIO N  O F M EA SU R IN G  D E V IC E S  ON B18 CONVEYOR
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FIGURE 5 -5  BELT V ELO C ITIES UNDER STEADY 
R U N N IN G  CONDITIONS



A :  AT C 

R -  T O P

PU LL EY
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F IG U R E 5 1 3  BEHAVIOUR OF BELT VELOCITY AND TENSION 
DURING AN 650  TONS PER HOUR SHUT DOWN 
WITH MINIMAL BRAKING TORQUE APPLIED 
AT THE TA IL-EN D  OF BIB CONVEYOR
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FIGURE 5-14  EFFECT OF HIGH BRAKING TORQUE APPLIED 
AT THE TAIL-END OF B18 CONVEYOR ON BELT 
VELOCITY AND BELT TENSION W HILE SHUTTING 
DOWN THE SYSTEM CARRYING 6 5 0  TONS PER 
HOUR
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FIG 5  2 2  EMPTY
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FIG 5  23  EMPTY PELT START-UP WITH 14 SECONDS DELAY BETWEEN 
PRIMARY & SECONDARY DRIVE MOTORS SWITCHING
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SECONDARY OfHVE TORQUE

BELT VELOCITY AT DRIVE

"BELT TEN5I0N AT "TA I(E-U P

BELT 1ENSIUN AT TAIL

TIME (SECONDS)

FIG 5  2 4  EMPTY BELT START UP W ITH 27 SECOND DELAY BETWEEN 
PRIMARY AND SECONDARY DRIVE MOTORS SWITCHING
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FIG 5  2 5  M A X I M U M  TORQUE VARIATION W ITH  TIME DELAY B ETW EEN  
PRIM A R Y  AND SECONDARY DRI V E S  W HEN STARTING B 18 CONVEYOR EMPTY 
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THEORETICAL STRESS WAVE VELOCITY CALCULATIONS FOR B18 CONVEYOR

Cnulson (1955) derived a formula fo r th e  ve lo city  of longitudinal waves In 
bars and springs.

C “ J  X/p (n/s> ( i )

Where C = longitudinal wave ve locity  (m/s)
\ ■ ■ Young's modulus fo r th e  material (N/m) 
p = mass pet u n it length (kg/m)

Because o f  th e  composite construction  of conveyor belting# i t  is  customary 
t o  r e f e r  t o  th e  " b e l t  modulus" r a th e r  than  Young's modulus In conveyor 
c a lc Ja t lo n s .

B elt modulus E is  defined as th e  allowable b e l t  tension per metre width. As 
a  general ru le  th e  suppliers of B IS 's be lting  use a f igure  of

(5 ,8  x b e l t  c la ss  x no. o f p lie s)  kN/m fo r fab ric  b e ltin g .
In  the  case o f  818 conveyor

E = 5 ,6  X 650 x 3 kN/m
* 11310 kN/m
-  11310 x 103 N/m

I t  th e re fo re  follows th a t X = Ew, where w « b e l t  width (metres)
Equation (1) then becomes,

C •  JEw/p (m/s)

Referring to  section  5 .2 .2  In the  main p ro jec t report on B18 conveyor dynamic 
s tr e s s  wave behaviour, th e  following th e o re tic a l s tre ss  wave v e lo c it ie s  were 
c a lc u la ted .



tons pepig strand of 618 conveyor



17,343 kg/tn

mathematical account of th e  common type
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