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3.2 km Long Pipe Conveyor with 90° Horizontal Curve at
Birla Copper, India by Naveen Projects Ltel.

Introduction

This paper describes one of the largest
single flight pipe conveyors in the world.
Birla Copper selected Naveen Projects
Ltd. for turnkey execution of 80° horizon-
tally curved 3.2 km long pipe conveyor for
transportation of copper concentrate/
rock phosphate/coal from the jetty to the
copper smelter plant.

The pipe conveyor was selected for this
installation because it enables the preduct
to be conveyed from the berth to the plant
by a single conveyor, without any f
points. In addition, the pipe con
sign enables the conveyed product
enclosed by the conveyor belt. th
shielding the product and preventin
product from spilling or being blown off
the conveyor en route.

Owing to the length and the conveying ca-
pacity, it was necessary to provide drive
units at both ends of the conveyor, i.e two
drives at the plant-end, and one drive at
the tail-end i.e the berth-end. Drives are
provided with variable frequency drives for smooth start and
variable speed.

Descripfion of the Pipe Conveyor

smorises loading section, intermediate sec-
ction and conveyor belting. Each of
cussed below:

Conveyor Parameters i
The pipe conveyor basic parameters are given in Table 1.

Table 1: Pipe conveyor basic parameters

Conveyor length 3,200 m the tall drive pulley, the loading point
Overall lift 22.0m I tions of the conveyor. The section is
Belt speed 4.5 m/s, variable 10% to 100% e g S
: 7 rainwater and high winds on the open

ConEEyaRCacty or at the coastal area.
— copper concentrate 880 t/h (initial), 1760 t/h (futurs) Tha ~= ne omsists of 500 KW motor with variable fre-

rock phosphate 770 th 1540th ue 22! gear box, geared coupling, tail drive
- coal 550 t/h 1100 th I A pulse encoder is provided at motor
S o 2 speed feed back to the variable fre-
Belt specification and covers ST 1000, 8 x 6 mm covers,

M-24, 1650 mm width f the conveyor (moving in the direction of

Harizontal radius and angle: 300.0 m, 90° 3 ? pelt is gradua\.ly t.rothefd vigi transition
idlers trough angle, which is required at the load-
Location & type of take-up Horizontal trolley, gravity mass at head 3 are pitched at 2.0 m along this section ex-
= ng point, where the impact idler pitch is

Installed power Head 1 x 500 kW, Tail 1 x 500 kW +

1 x 500 KW future at head end
Moulded ruoper sxirts are proviued 1o prevent spliage or ine

Idler diameter / length / Brg. size 152 mm/ 325 mm / 25 mm - 2nd to centralise the material on the conveyor

Number of idlsrs per panel 6 carrying side and 6 return side

Pitch of idlers 2000 mm normal, 1000 mm on curve

Fly wheel On head end for smooth starting and Al gher has been prp\/[ded along this transitkion section,
stopping and the f2=d rate and quantity of product conveyed is recorded.

Conveyor starting time 100 sec. following 'S' shape velocity After the loading point an over-fill detector is located above the
2 oad siream to ensure that the conveyor belt is not excessively

Method of speed synchronisation By giving speed reference to each vari- loaded. Should excessive loading occur the conveyor is autc-
able frequency drive from PLC matically tripped. At the outlet of the skirt plate, a baffle plate is
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Fig. 2. Retum belt near tail end transition portion

provided to guide material to the centre of the belt. This is im-
portant for a correct formation of the pipe conveyor and the cor-
rect positioning of the overlap section.

From the loading point, the conveyor belt is troughed further i.e
from 20 degree to 45 degrees and to 90 degrees over a length
of approximately 25 m. Idlers at a pitch of 2.0 m along this tran-
sition section guide the belt into the formation of the pipe shape.
The correct training of the belt ensures that the overlap in the
belt remains at the top of the pipe formation.

At the end of the transition section, the first pipe conveyor idler
support panel guides the two edges of the belt into the final pipe
enclosing the product inside the belt.

On the return-side of the conveyor the tubular form of the belt
gradually opens from the point where the belt exits the last idler
support panel, to the snub pulley adjacent to the tail/drive pul-
ley. The return belt is supperted throughout this section by a se-
ries of inverted idlers ranging from 90° to 15° at intervals of 4.5
m. First set of inverted idlers is made of PVC to take care of ex-
cessive load due to belt opening.

Intermediate Pipe Conveyor Section

The intermediate section of the pipe conveyor is at ground-level,
horizontal structure of initial length 2250 m and thereafter the
belt line is elevated at an angle of 5.7° to a height of approxi-
mately 7.3 m for future road crossing. From this point the belt
line gradually rises at 1.3° to a finished height of 26.5 m above
the local ground level at the discharge pulley. In this portion, the
horizontal curve is located.

Fig. 3:

A 90° horizontal curve is being included in the pipe con-
veyor section, with a radius of 300 m. The inclusion of
this curve eliminates the need for a transfer point mid-
way along the conveyor.

The overland section is made up of a series of idler sup-
port panels at intervals of 2.0 m and are secured in a
box girder type structure. For the ground-line section
the gantry is supported on end portals. The top of the
gauitry is approximately 2.6 m above the local ground
level of the structure. Expansion joints are provided at
30 m intervals to take care of longitudinal thermal ex-
pansion due to temperature variation.

Access is provided on both sides of the conveyor via a
500 mm and 1000 mm walkway respectively at the
point where the conveyor elevates.

The gantry is supported on trestles and the pitch of the
idler panels ranges between 2.0 m for straight sections,

and 1.0 m at the horizontal curve. The closer pitch is to
ensure that the load on the idlers is maintained within
design limits and to prevent collapse of the pipe.

Throughout the length of the pipe conveyor all panels
are perpendicular to the belt gantry. 1 mm tolerance is
maintained throughout the steel structure of pipe con-
veyor. Due to accurate erection and close tolerance,
the conveyor could be commissioned within a few
hours of empty running.

The horizontal curve was maintained by fabricating the
gantry at a radius of 300 m.

Longitudinal thermal expansion and contraction of the
entire pipe conveyor structure was considered during
the design of the gantry.

Each idler panel includes two training idlers (one for the
carrying and one for the return belt) to ensure that the
conveyor belt maintains its correct alignment i.e the
overlap must remain at the top and bottom of the car-
rying and return paths respectively.

The training idlers are mounted on an adjustable support
bracket with slotted holes, to enable the pipe to be trained by
adjusting only cne of the size idlers per panel.

The location of the training idler is selected so as to have maxi-
mum force.

The idlers are arranged on alternate sides of each panel and the
gauge length of the idlers ensures that it is impossible for the
belt to come into contact with the roller edges.

Head Discharge Section

At the end of the elevated conveyor, the pipe form is gradually
opened from the point of the last panel, to the head pulley. The
belt is supported throughout this section by a series of idlers,
ranging from a troughing angle of 90° down to 15°. In this way
the belt conveyor is opened without over-stressing and the
product being conveyed remains in the centre of the opened
belt.

Misalignment switches are provided 1o trip the conveyor in the
event that the belt alignment is disturbed to the extent that
could result damage to belt.

Roof and side shesting is provided at the head-end of the con-
veyor where the belt is opened, to prevent rainwater contami-
nating the product on the belt.

The head pulley is the point of discharge of the pipe conveyor
and all the conveyed product is discharged into the receiving
chute for onward handling. The discharge chute is fitted with
adjustable deflector plates which are set during commissioning

Intermediate section of pipe conveyor
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Fig. 4:  Straight portion of pipe conveyor at jetty

to guide the material trajectory to ensure correct loading of the
downstream conveyor.

The head discharge section comprises belt scrapers to clean
the dirty-side of the belt mechanically. All scrapings are kept in-
side the discharge chute.

Having passed through the scrapers the belt is washed by
means of water sprays before it enters the drive station. Drib-
blings from the washing station are collected in a trough and
piped to a settling tank.

From the head pulley, the retumn-side belt is supported on flat
return idlers and is guided through the head-end drive and take-
up stations in the open or flat form. Once the belt has passed
through the head pulley, drive and take-up, the belt is again
formed into the tubular cross-section by a series of troughed
idlers and fed into the idler panels along the return side.

The 'dirty' side of the belt is on the inside of the pipe form and
the overlap is at the bottom of the cross-section.

Drive Stations

Having passed over the head pulley and through the belt clean-
ing facility, the belt is routed from the gantry to ground level. The
head end drive station comprises two drive pulleys.

The drives are 500 kW units each comprising helical reducers,
geared couplings and fly whesls, all mounted on the common
base plate.

The drives are variable speed units controlled by variable fre-
quency controller thus fluid couplings are not required. The
thyristor controllers provide the facility to control the starting and
stopping of the conveyor under the various load conditions.

Each of the two drive pulleys are 1000 mm in diameter and are
lagged.

Provision has been made for maintenance of the equipment by
the inclusion of heisting units overall pulleys and drives.

The entire drive arrangement and take-up assembly are en-
closed in removable guards.

Take-Up Section

The horizontal gravity take-up is provided to maintain the re-
quired tension in the conveyor belt during all operating conci-
tions. The take-up comprises a horizontal travelling trolley onto
which the take-up pulley is mounted and is positioned directly
after head end drive station.

Space for vulcanising is provided between head end drive and
take-up unit. The trolley and take-up structure are positioned at
ground level and the belt path is diverted from the elevated
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gantry by means of a series of bend pulleys. Take-up
tension Is provided by the adjacent vertical gravity take-
up tower where the take-up mass is connected to the
take-up pulley by means of the steel rope and series of
sheave wheels. The rope is terminated onto an electric
winch which is used to raise and lower the take-up
mass for maintenance purposes.

The take-up length of 19 m takes into consideration the
dynamic travel of the take-up pulley and the permanent
elongation expected in the belting.

Over travel limit switches are provided in take-up tower
to stop the conveyor in case of excessive travel of
counter weight.

Conveyor Belting

Belt selection was a very tricky issue. Nylon-nylon belting was
not selected due to high elongation and control of very long take
up travel. This left only steel cord belt. Only three known refer-
ences were available where steel cord belting was used. How-
aver, the performance of steel cord belt was never tested with
90° curves.

[t was decided to adopt steel cord belting due to the following

reasons:

) Expected life of steel cord belting is 10-12 years compared
to 3-4 years of nylon-nylon/EP belting.

i) Starting control is easy due to less take up travel.

Belting was sourced from South Korea through Hyundai Corpo-

ration.

In pipe conveyor belting the following considerations are ex-

tremely important:

I} Belt should be rigid enough to form a desired radius during
continuous operation and belt should not deform at curve
points.

i) Rigidity should not be too high otherwise unnecessary force
will be on idlers due to the opening tendency of belt.

ii) Corners of belt should be soft to make smooth pipe iorma-
tion.

Based on the above requirements, every precaution was taken

during belt cross-section selection. It was decided to have two

layers of 1 mm thick fabric inside cross-section to have suffi-

cient rigidity and 148 Nos. of steel wire cords of 3.4 mm dia

were selected to ensure the desired tension.

Conveyor Starting

For smooth starting of conveyor, 100 sec. acceleration time
was selected. Both drives are started in 'S' curve pattern re-
stricting torque limit of motors at 100% and simultaneously syn-
chronising both motors. From PLC beth drives can be started at
any speed for 10% to 100%. Based on load requirement, drives
are sultable to run the conveyor at any speed between 10% to
100%. Proportionate load sharing is observed between both
head end and tail end drives.
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