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1.0 OVERVIEW

Conveyor installations generally cover a vast range of
applications both surface and underground. These vary from
extremely long overland to short temporary service
underground cross conveyors including heavily inclined
bucket type belts and long regenerative conveyors.

Amongst the horizontal and incline conveyors confined to the
underground mining environment there is a demand for
"Tripper" or "Booster" drive units.

FIG 1

This concept of conveying simply allows the conveyor
designer or engineer to utilize a weaker (and therefore more
economical) conveyor belt carcass to carry the intended
product over two and three times the distance with the same
belt strength than with a conventional single "head end"
drive, by distributing one high tension - high power point
over two or three points along the belt length. In a typical
2000 metre solid woven belt conveyor installation, some two
thirds of the total conveyor cost is the belt itself and
therefore enormous capital savings are made when the capital
cost of a conveyor is viewed from a kilowatt demand per
metre conveyed stand point.

Utilization of the tripper driving concept has been a well
received concept in the advance and retreat conveyors such
as longwall maingate conveyors, where total full length and
power demands of the finished conveyor are a "close guess”
when the project starts and by which time all belt, drive
and ancillary equipment must be selected, built and brought
onto gite to do the job.

The convenience of selecting the tripper driving concept
gives the conveyor engineer the advantage of selecting a
"mid range" belt carcass and strength with the confidence
that the belt will not be over gtressed regardless of how
long (within reason) the conveyor finishes up.

The balance of this paper explains how tripper driving has
evolved over the past twelve years and how this rapidly
growing answer to many conveying problems will help
engineers towards the year 2000.

Generally speaking, the tripper driving concept is an
extremely simple answer to servicing the demand power of
uncommonly long conveyors, however, a tolerance level of
control between the conventiocnal drive device and the
tripper drivehead must be adhered to during the accelerating
and running of the conveyor.
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Lack of attention to his control tolerance, for example,
would cause "hunting" between driveheads and unfair load or
power sharing.

An additional "must" for a tripper driven concept conveyor
is gentle, predictable, preferably linear conveyor
acceleration giving the need to squarely address conveyor
starting devices prior to going down the tripper driving
"road".

At this point of the 90’s. "Tripper" driving is becoming a
very accepted alternative to two or three In-Line conveyors
for many associated reasons.

I feel this paper would assist in reducing the "mystique"
and showing how simple and beneficial this conveying
procedure is.
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2.0 RECENT EVOLUTION OF TRIPPER DRIVING

Tripper driving 1is not new to the conveying industry,
however it is only during the past eight to nine years that
it has been taken seriously as an answer to high tomnage /
high production materials handling especially on rapid
retreat conveying systems,

2.1

One of the first "prototype" experiments was carried
out at MIEGS 2 in the United States some eight years
ago.

The subject conveyor was some 2800 metres long, and
virtually horizontal in profile. With a maximum load
out rate of 2200 tonnes per hour, the conveyor was
designed with two thirds of its installed power at the
delivery point, and one third in a tripper drive
approximately mid was along the conveyor. Drive torque
transmission was attained through fluid couplings, and
the only significant "control" parameter was a
staggered starting sequence to the two driveheads.

After some weeks of testing this primitive installation
yielded the following results:-

2.1.1 Full employment for 2 beltsmen 24 hours per
day.
2.1.2 Erratic unpredictable over run of slack belt

at the tripper carry side during belt
stopping and sometimes during continuous
running.

2.1.3 Overtension/undertension hunting of the
carry and return strands.

2.1.4 Erratic unstable lcad sharing between the
maindrive and tripper drive.

2.1.5 Broken belts, loop take ups and associated
tension devices,

Clearly a superior method of contrel was
required between the driveheads where
conveyor generated powers and transient belt
tensions could become the dominating
factors.

My own company produced a conveyor for Westcliff
Colliery during 1991 with similar equipment to that of
MIEGS 2 with one major exception and many minor
changes.

FIG 2

The major exception was the conveyor profile lifted heavily
for the first 70%, then fell heavily for the last 30%.
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With 640 kW installed at the discharge end and 320 kW
installed wmid-way along the 2500 m maingate conveyor, the

natural stopping time and natural gravitational
characteristics of the conveyor allowed the conveyor to
start, run and stop without suffering any abnormal

conditiong such as over run at the tripper, broken or highly
stressed conveyor components from an unloaded condition
through to a loaded belt.

Significant improvements on the MIEGS 2 prototype also came
to the Westcliff conveyor by:-

2.2.1 Utilizing double sump, slow filling fluid
couplings.
2.2.2 Stretching the start seguence (and fluid

coupling tolerance) and the starting time
sequence between the two drives to their
limit,

2.2.3 Running as high a T2 as possible. (Rather
than as low as possible).

2.2.4 Calculating and manufacturing the tripper
drivehead to run at {0,1 m/sec) slower than
the main drive. e.g. Outbye drive (4,15
m/sec) and the tripper drive (4,05 m/sec).

2.2.5 Varying the coupling oil £fill as the
conveyor shortened. (Two x 320 kW in the
main drive and 1 x 320 kW in the tripper
drive) .

2.2.6 Staggering the stopping sequence of the

drives to ensure a well tensioned carry
strand.
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3.0 TRIPPER DRIVING BY TENSION CONTROL

FIG 4

Tripper driving by tension control involves installing one
"outbye" conventional drive (for example 2 x 320 kW) and not
guite mid way towards the tail end, a tripper drivehead with
T2 tension control.

The tripper drive may also have 2 x 320 kW installed power.

The total rise and run conveyor belt carcass carrying
capacity with a 8.5:1 safety factor may be extended from the
delivery point to a point somewhat inbye of the tripper
location.

If the tripper was not installed the maximum allowable
tension capacity of the belt carcass would dictate the
distance to the tail end which would have to be just inbye
of the intended tripper drive location.

For example, I have given the "subject" belt profile 3400
metres length x 130 metres rise x 1600 tonnes per hour in
1200 mm solid woven 8000 series (SABS class 1250) at 4
metres per second.

I have installed 1280 kW by way of 2 x 320 at the tripper
and 2 x 320 at the conventional outbye drive.

If this installation were two in-line conveyors, I would
have avoided the capital cost of installation and
maintenance of one loop take up and winch and one complete
delivery point, tail end, transfer chute and associated

electrics.

If thig installation had 1280 kW installed at the head end,
It would have increased the capital cost of the conveyor
belt selected by some 130%.

The entire conveyor still has only one loop take up
installation, although its linear capacity is some 70% more
than normal for the belt carcass being used.

FIG 5

The tripper drive tension control device is located on the
T2 point of the tripper drive and is primarily designed to
sense and report single strand T2 belt tension to the
tripper drive power transmissions of the 2 x 320 kW drives.

The conventional outbye drive operates in every way as any
other drive, however must ramp to full running speed in a
long, gentle, linear manner. On our "subject" conveyor, I
have assumed a 120 second start time.



PAGE 7

It is important to note that a slow predicable linear ramp
from the outbye drive is the "key" to tripper tension
control success, as rapid ramp and resultant shock transient
belt tensions will control the tripper drivehead (which by
this time will be out of controll).

The key point to belt tension tripper control is that the
belt tension itself dictates and limits the torque input to
the tripper drive as and when required.

After two (1,4 million tonnes each) longwall blocks this
tripper assisted conveyor assembly yielded the following
results for Westcliff Colliery:-

3.1 A predictable "load sharing" drawn demand of power at
both the main drive and the tripper drive.

3.2 BSubstantially reduced belt down time and damage for
both installations.

3.3 Rapid removal of the tripper drive as the longwall
conveyor reduced in length and therefore power demand
reduced accordingly.

3.4 Capacity to extend tl.e currently used SW8000 series
: (SABS class 1250} belt some 800 metres further without
conceding capacity in tonnes per hour.

To Westcliff Colliery, these two conveyor installations
on longwalls 18 and 19 proved the extreme viability of
the tripper system.

However, this conveying mythology can successfully
exist only where the natural belt profile allows its
implementation and therefore cannot be considered the
total answer to the tripper driving concept to suit all
circunstances. o

FIG 3

3.5 More commonly over the past seven years in the U.S.A.
and Britain and four years in Australia, Tripper drives
have been developed to start and run, with load sharing
between the main drive and the tripper drive by way of
speed controlling the individual drive drums. This is
achieved by means of an elaborate data highway running
between the main drive, the tripper drive and loop take
up and associated other control equipment such as belt
slip rollers and associated safety devices.

Up until eighteen months age, this means of "speed
control" (which I will elaborate on later in this
paper) has been the predominant and most successful
means of controlling both outbye and tripper drives
together, by Utilizing scoop control couplings or
friction drives as the final drive means.
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Many successful installations have been installed
across the U.S.A., Britain and Australia in many
different belt profiles using the speed control method.

However, the one major consideration one must consider
when selecting "speed control" is its pure complexity
and maintenance in the hands of installation and
maintenance artisans.

Installation, sheer understanding, commissioning, fine
tuning, and maintenance are all extremely important
tasks.

Prior to these tasks being carried out one has to
design and build the conveyor to meet the objective,
for example, a rapid advance/retreat system.

The "tension®" controlled system was introduced and
pioneered in the U.S.A. some three years ago, and
already in my company and across Australia this
"system" of main drive / tripper driving appears to be
the smartest, and simplest answer to controlling the
tripper driven conveyor.

Evolutionary speaking, the tension controlled, friction
driven tripper assisted conveyor is quick to install
and remove, easy to understand by the engineer and the
layman and above all simple in it‘s operation.

Rather than involve this paper in any more of the
uneconomical, methodically frightening concepts of the
past, I will concentrate the balance of this paper on
the tension controlled tripper in detail.
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4.0 SYSTEM OF OPERATION
FIG 6

To explain the simple tension controlled tripper drive
conveyor gystem of operation, I will use our "subject"
conveyor.

Firstly, the take up winch is put into service and
pretensions the conveyor along with startinc all four main
conveyor motors - OFF _LOAD,

Secondly, the outbye drive proceeds with its 120 sec. ramp
to full speed following a linear gentle ramp exerting no
shock waves into the belt system.

FIG 7

For the first part, the fully loaded conveyor is
"attempting" to be accelerated to full speed by the outbye
drive alone, however, as the delivery pulley belt tension
tries to pass 170 kN, its counter part T2 tripper drive
tension "tries" to pass 80 kN or the "target" T2 value.

As previously explained, as the belt tension at tripper
drive T2 approaches 80 kN, the tension control commences
tripper drive transmitted torque "holding down" the tripper
T2 tension to 0 kN by transmitting drive and thereby
commencing to draw current on the tripper drive motors.

FIG 8

For the remaining portion of the belt ramp to full speed,
and then during all running, loaded, partially loaded and
empty belt conditions, the tripper drive will transmit drive
torque and thereby "draw its share" of T.Max on demand.

FIG 9

In an instance where the "subject" conveyor is accelerated
in an empty condition, then gradually loaded to capacity and
then gradually unloaded, the tripper drive "power on demand"
chart would follow figure 9.

In order for the tripper to have true control of its portion
of the conveyor and in light of the "target tension T2"
philosophy, the tripper must not only be able to back off
its transmitted pulley force, but it must be able to apply
additional transmitted force to its portion of the conveyor.

In order to limit the trippers T2 belt tension it must be
able to accelerate some 2 or 3% faster than the outbye
drive. (This theory is the subject of a further paper).
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This requirement has generally been achieved by running the
tripper drive transmission at 3% slip and utilizing a
slightly larger diameter drive pulley pair only at the
tripper.

FIG 10

This requirement places specific accurate demands on the
tripper driving transmission device.

As the two gides (input vs output) of the tripper driving
transmission device approach synchronous speed, most devices
either "float" into synchronous speed or "bite early" and
jump to synchronous speed.

This anomaly then demands that to have true accelerating
/decelerating tripper control, the amount of slip required
is much greater to avoid conveyor transient "hunting" and
forever "chasing" T2 tripper tension, thus generating
intolerable heat generation that must be dissipated.

Devices are currently on the market that can obtain the
accuracy required, and can hold + or - 1% slip at 300 kW to
500 kW transmitted.
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5.0 SUMMARY - FUTURE OF TRIPPER DRIVING

Many Collieries with underground confined work spaces, rapid
installation and retrieved requirements are, as recently as
1993, recognizing and utilizing the tripper drive concept to
ite fullest.

FIG 11

In the U.S.A. led by Twenty Mile Cyprus, in Australia Wambo,
Westcliff, Ulan, Oaky Creek and South Bulga to name a few
all apply this technology to their extreme benefit.

Collieries have untold rolls of conveyor belt of an
"average" carcass strength, but production demands are
pushing conveyor capacities higher, faster and longer.

The future will probably hold a '"standard drive module"
where there will be no "outbye drive" and "tripper drive" to
differentiate between. One standard tripper drive will ramp,
another will tension control. This very concept is on our
C.A.D. at this moment.

One thing 1is perfectly clear, and is common throughout
Australia, South Africa and the U.S.A. - Mine Managers will
push for more tonnes but Engineers Budgets will be lean - we
have to ultimately be smarter with less money to spend.

Speaking for myself and my company, we are meeting that
demand "FULL ON".

The purpose of this paper was to strip away some (and
hopefully all) of the "Mystique" and misunderstood fear of
tripper driving.

I hope this presentatioﬁ and document has achieved its
intended goal.



FAGE 12

6.0 REFERENCES, REFERFES AND ACKNOWLEDGEMENTS

Nepean Mining Design Department (N.S.W. & QLD)
Mr Len Eros - Twenty Mile Cyprus Coal, Colorado, U.S.A.

Wambo Mining Corporation - Mr R Conn - Tripper Drive by
Nepean Mining (Pty) Ltd (Australia)

Westcliff Colliery - Mr F Lechner, Mr D McAllister - MK 1
and MK 2 Tripper Driven Conveyor by Nepean Mining
(Australia)

South Bulga Colliery - Subject Tripper Driven Conveyor by
Nepean Mining (Australia)’

Mr P Owen - Ringway Control & Automation (Australia)



[ F&79/~

MY 008
TEIH FNIT VI 4y

[ —

—muv\%ﬁ u,xqmm
E = 17 2/ | | E _
’ 3

LGN AN TNITZT
GFLINVAIOK OOy

MY OOt FNYT ST 7T/ L LOOTF SOTINFT

TANIYCG TLSOOT T IS L — YOAINNOD SAOANLUNVD)D



c F&I9/+

T 05 =

T AISTFI0778 LAEF FALLIMNSY S = T 70y A LT7FF L T VAZVAY/4/]
- : /




nVdPVG .
®l¥d IYNDIS "ANQ0N 40 LNDEI MO JAIND
YQIgLLLl 0% 5 ul TWNIMEIAL HO ¥ DRMVMAYUC MO MMAOHS SY

ASRY-@¢He HOMLIENA QL

MOBLNOD HNQILYBITIIDY UILS00Y

¥ Lo oneod SHAWAAR TYMRPIL 35N SuIVHNN "NA3L
INOLLYNYAXS ON LYVd OWYDANSIA 'RING ALIBYIOd Bod ( 3I000n
A0 3QIE NO) LUYHI 01 AwHWNIL ASN
140K
. S (3mivs Tonaw whwid we s7mimp)
7[.1.—{ [URITE Ty
-t @ e e — = = -———
T=imvs snmass r 1 T=A%T
M | 54504 DMION LY QL i fmpgmyy i Ry
| | Eo
. I
—ulll.tll.lllla)llﬁ.l.'lll — - — —ltl.ll] IIIII .|1|<.||1 IIIIIIIIII ———
I : ER- _ ! § 1 £ !
1 == ~© " i — o 11 &~ |
I griral| - ! | >e 11 0 1
4 o :8
! 22iEs O | e U i 3 g T
I 2Wine [ I R i [ ke Ot
i fol:® | I o T Pl s i
_ ks I i S . il i - !
£215% p 1 | c o1t | = 11 z3 - r 1
) —— = aled I A= 3 B n
e %s|22 | I rep 3 11 7 ]
1 — w“I9|E2 | I o &+ = [ b2 1 .
e =] m2 | [ e » 1y e i
1 Al s i ! n 3 2 1|
I 2 | 1 o bl ]
] : I i 2 !
1 alag 5 ! 1 4 3 I j? 3 oo
3l# 3 1 d i 3¢ & |
I H B = 1 2 B 1 i a
hand -
) 24 2 i | S (| sul.—L - L
mim T 1 m | n I
| L e | | [
! ; I | I 1 !
ot
I &l ! _ I = I
1 e 1 | i o |
1 ' wavy o mIivy " | e g wavu————— 7 %3vn " | 1 Wavy 0 wavy ——) “
1 1 (2 NQ12YaS) v |
e e i S-S ioway oY ¥3owmis o | e e e -
{€ NOQILY1S) 1 ISVWINAA OL | Ty | (2 HAILVYLS)
e - ik I,
WILWVIS 1939 #3IL5Q08 1 Q9 ! uILBVLS IN3T NIV
’ | ~ehufued s |
1 " 1
F—d e e e e — — I |
wmw L e r t B |
}
|
L0941 s QL emd “ ! .
. - ) [Co == T oo 1
104.70¥ B4, 8L T—p " (=) ] “ <5
WNIOBI P i | | 1
|
104 5119 L GLT——D “ I "
. I
) P uazasmvus " .Il% T3 m_. Im”. | “ ' i WBINQSNYY
Alvim M H ] i ' Lis
»r o , i = b | | h i -~ qguvoq 4 L
L ] d ——h 1 | , ] k L YL
G [+ HIYL D L5y ' n/d | 1 SF  wview =T . ; t nra
L OdHING LEEFE] 1 CaniKE | daass
, Jo——F ] i so—— 2
1 r I 1] v : : 5 I
N 1y “
I & _
I 1
! 1
v J

TIOPLNOD NQILYHITIIDY MNIYW

NIANY 10U IMOD BITH




s IS/

«wr O£/

S/« 4
A 009/
(AFT770d FNIT 67 MY OZE) GIF77ELSHN, MY O8S/

i QOGS x LTFE ST/ATS 0008 MS

YOAFNV"Y | LIFLENS



FAINT ONFZ LI SVENL YOS

FNT OXFTZ LISV Y/ vy 09
U OE ACLS - SFdANL LE FAING LAASESL OL SVILSs S VY oL
S FAA L LY TNHT %09 OVILLISVENL ~VOISNZL St L FONe) —= Ny OF

XY TFAA /XL L FAIYT % O0/ ONVALL LI SVES V7 06
FIOXOL INIYT FoAL/SU LNYTI I/ ALOSNY ~ JOATANOD Tl YL, VY 00

FIY O+

S FH19/S

TIFTI0Y TINLT / \\ FF7705 INISNZS (VOIS ] Te07

-

Atd OSOTIHS SGNVUGY IO GV FIATT TOMINOD VO/SVIL &TFAT /Y1




L7375 CFTE0T7 ¥ S

L77GF CZQ&0T 2% 0o/

GTLLIEVSNGD L DNZE Fridyas

] i FO LINVAICL/E FIEFCTIEAE 777

L7F7F ALIATF

— .._ _ﬂ&\&n TFLLII S ON

& OOAE

‘4:(057

INONOL ]

H}

LT & O/

Tz Zimsweas owl | ZIYOH QoA

YOISSRYSIVEY .

308 N OATANC

LOFLINS

9 Ao



£ IS/

FN YT N TFAL YL A
WVOISNVL | LTDSCU, VY OF L& T774

WVOISVFL L7?FGF AFIF/ UL L& S/

. S/ s O
FNST S FTd I AE G L0 s

Vo 0Lt TZIXNZ LONNVGD

WVOISVTL LTTFT AFTId AYFA/ 77T

TF7et s £ 775 w—w\\ “

! CEANNZEY

WOILYYTTFIDG DVIXTT SWVOI/SIVIL L7F7E L YTISISL TNV TE&FH




& IS/

Wi Pp VOISV 7T
OVEX LS ANX D I/ 645

VY QT W PG FALLIO FSFALe 8/

LNVFYI2 p VOISNVIFL LT7TEF FNNT XFdd /)
X FAA AL LG FYITHE O - L A TILINL L& 7 Qh/
Yy 05

X m\\u\\m WQQ\Q\\.RN

YTLA YL LG FIFIHE S - Cd FFAAINL LG VY 59 /

Y IAHAL LG RS T OF * &L S FALIIL L& \_&,Q%/

Q

Xt/ L IFF AL LINIFIYID p NO/SWVIL LT7EH

ZIIod ASFNTTFG

Yy o6

(T¢o7 /O | XGH L S Al
IV INVILTT ) FFdTIHL LG FHFAA & OO . ../

o W .. WV OO - FNIYG TAEUAIO T It b’ SEZ
(Qeo7 WO SraNFLFT ) - Wozs N L FTFddlY/

NRALNL L FAIE OOE" . ™

-

L NVHSE) X6ty L XAt/ L
HAetdld L& I TS OO /

VY Ot X f N Fd Y/

(G607 o onvaNZFa7) \

-

WY O/ FUYT FAGLAO FFA L OEE

VYOI T TNXT FAGLNO STt OO ,
LSGH D ANIFSIAT SA VASWVZL  LTFG TTZIE0T A7)




6 F¥9/oL

/ | | \/ W o

-

N vy oL o  NOISVTULLTTS 2L Tl
N i ’ |
AN pe
N ” q
N /

Ny 027 | NOISIEL 273G XOW 7 FTaaisty

Ny 0%

WNOISVF L LT77F IVIGT ASFAT 790

N 0L/



ONVINET XFILN L X OF TIVESZT LON Fo1FT7

VOISS/HSIVEDN y AT /75 % OF TFX7Ozy /

orf Frg/

 OFFAS pd

V'S 70 L vaT

SOV ONAIONVAS ol
LU F 79N/ S ZTNG

TZ77ZS

STONCHINAS AL A1

S
S

FOINTT FAGTS ONG
LNIOA /75 x\h}\\kn@/
h pd
pd
A ¢ % 00/
A

\\ T T7EE S FTND

™

I77ZS L7785

NES™ 70LV00

NVITH OO ASUS FIOXOF TULISN ML TN S



[] 319/




