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Preface to the third edition

The technology of sugar manufacture has evolved so much in the course of the last twelve
years that the preparation of a third edition has necessitated not only the revision of the ma-
jor portion of the text but also the addition of numerous, entirely new sections. As important
revisions and new sections, there will be found in particular in this new edition, the following:

Powerful modern shredders

Pressure feeders to mills, Australian type

New formulae for maximal speed of mills

A new formula for mill capacity

A more complete table for calculation of power requirements in milling

New systems of electric drive for mills

Mill rollers

The Lotus roller

Calculation of weight of bagasse and weight of juices in the milling tandem

Calculation of material balance in the tandem

A new formula for reduced extraction

A new type of diffuser

Saccharate liming of juice

Rapid clarifiers

Modification of existing clarifiers for rapid operation.

Dorrclones

New formulae for heat-transfer coefficient in heaters

Evaporator vessels with lateral or annular downtake

Heat balance for the factory

Falling-film evaporators

Formulae for estimating coefficient k for flow in vessel and pan calandria

Formulae for steam consumption of pans

The method of calculating the material balance for the boiling house

Continuous vacuum pans, including Langreney

Vertical-crystalliser coolers

Continuous centrifugals

Sugar dryers

Standard factory control

Liquid-annulus air pumps

Water requirements of the factory

Forced-draught cooling towers

Rain-type condensers and condenser heaters

Drying of bagasse



Vi

Steam balance of the factory for maximum economy

Pelletisation of bagasse.

On the other hand, sections discussing equipment or processes which are outdated or ob-
solete have been deleted. Readers who are still using such equipment or methods will find
them described in the second edition. These include:

Crushers

Reciprocating steam engines

Compound clarification

Circulators in evaporators

Reciprocating air pumps.

For basic measures and quantities, we have adopted the metric system, which is becoming
more and more general. Among countries which have adopted it recently, some have chosen
the International System (S.1.). Accordingly, the table of equivalent units has been completed
by adding these but, on account of the practice followed very generaly and which retains
the traditional units, such as kilogram force, kg/cm?, kcal, these have been utilised for
preference. Conversion within the metric system, moreover, is very simple and immediate.
To avoid any difficulty for those engineers in English-speaking countries who find themselves
more at ease with their British units, and to avoid involving our friends of the American
hemisphere in conversions which are sometimes awkward, we have given in the great majori-
ty of cases, in formulae and calculations, values in British units alongside those in metric
units. :

Where given, tons and gallons in all cases are long tons (2,240 tb. or 1,016.047 kg) and
Imperial gallons (4.546 1), respectively.

Tables of figures have in most cases been given in both systems of units.

We hope we have thus given sugar technologists a useful work of reference, particularly
useful for calculations and design projects. The introduction of subjects of present-day in-
terest, such as continuous pans and centrifugals, or steam economy to facilitate sale of power
to outside authorities, should assist those sugar producers exposed to economic or financial
difficulties. We shall be happy if the sugar world is able to benefit by it.

The chapter on information and automation in the sugar factory has been written entirely
by George Windal of SNFS, Director of the IRIS, and his colleague J.C. Giorgi, both world
authorities in that field. This chapter enhances the value and the interest of the book, and
we express our deep gratitude to them.

We thank our friends of SASTA, QSSCT and MSIRI, as well as the directors of engineer-
ing firms (FCB, BMA, de Smet and many others), who have replied in clear and friendly
fashion to our requests for information; and we express our deep gratitude to our friend
George Jenkins who, in his usual friendly and cooperative way, has interrupted a well-
deserved retirement to take on the heavy task of translation. To it he has brought al his com-
petence and knowledge and his clear and pleasant style.

E. HUGOT
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Translator’s foreword

Once again it has been a pleasant task to cooperate with my friend Emile Hugot in translation
of arevision of the Handbook. The extent of revision has been rather greater than expected,
but this is not surprising in view of Mr. Hugot's thoroughness in treatment and revision of
his work. In addition to keeping up with the literature very effectively, he has visited prac-
tically all the leading sugar industries of the world in recent years. | have indeed found that
the revision includes much material new to me, covering new developments in the industry
since | was last in contact with sugar technology some twelve or fourteen years ago.

Thanks again to Mrs. Joan Hodgson, who did the typing for the first edition and has again
done an excellent job with the present revision.

G.H. JENKINS

This third edition of the Handbook of Cane Sugar Technology is
dedicated to the memory of George Jenkins, a very goodfriend and
a valued colleague, who died suddenly while the volume was in the
final stages of production. He was the trandator for all three edi-
tions of the Handbook, and it isfitting that this edition should be
dedicated to him in acknowledgement of his important contribu-

tion to the work.
E. HUGOT
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1. Délivery, Unloading and Handling of Cane

The factory takes delivery of the cane, either directly at the factory weighbridge, or at aux-
iliary weighbridges serving certain important or remote pointsin the area from which the mill
draws its supplies.

Transport is arranged by the factory, either by railway, or more often by lorries, or by
tractors and trailers.

The bulk density, or weight per unit volume, of cane in the truck depends on the manner
in which it is loaded. In Hawaii, for instance, it may be picked up in bulk in the field by
a mobile crane mounted on caterpillar tracks and fitted with a grab. This simply drops the
cane in a tangled mass into the trailer; in this case the bulk density may be taken as about
200 kg/m® (12 1b./cu. ft.). If the loading is done rather more carefully: 300 kg/m? (18 Ib./cu.
ft.). In Hawaii!, a figure of 225 - 256 kg/m? (14- 16 Ib./cu. ft.) is used. If the cane is loaded
by hand, the stalks being placed parallel to each other in bundles or packages, as is often
done with small suppliers, the density may be taken as about 350 kg/m?* (22 Ib./cu. ft.) and
may reach 400 kg/m? (26 Ib./cu. ft.). If the cane is cut by a chopper harvester and loaded
in bulk, the density is approximately 300-380 kg/m? (18-24 Ib./cu. ft.), averaging 340
kg/m? for pieces 28 cm (11 in.) in length. In Hawaii, figures of 321 —335 kg/m?3 (2021
Ib./cu. ft.) are given; in Jamaica2, 300-330 kg/m? (19-21 Ib./cu. ft.).

This bulk density depends on the stand of the cane. Straight and erect stalks will give a
more compact loading than curved or lodged canes.

ORGANISATION OF CANE SUPPLY THROUGHOUT THE DAY

A cane sugar factory generally operates continuously from Monday morning till Saturday
evening. It shuts down for about 36 hours, including Sunday, for cleaning the multiple ef-
fects and for minor repairs. It operates then for about 132 hours per week.

During the day, cane transport is generally carried on for only 12 hours, from 6 am. to
6 p.m. So that the mill will not run out of cane, it is necessary that the factory should receive
in 12 hours, during the day, the tonnage which it crushes in 24 hours.

Towards 6 p.m. then there will have accumulated a stock at least equal to half the daily
tonnage:

Overnight provision = 12 A + a (1.1)
A = quantity of cane crushed by the factory per hour
a = margin of safety, which should always be maintained to avoid being obliged to stop

the mill for lack of cane.
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This margin a is necessary to make provision for accidental fluctuations in supply: rain
retarding the cutting and restricting transport, irregularities in supply by the farmers, etc. It
should not be too small, nor too large. In the latter case, the cane yard will be uselessly en-
cumbered, and the delay occurring between the cutting of the cane and its passage through
the mills will be unnecessarily increased. A suitable quantity is that corresponding to three
hours' crushing:

a=3A (1.2)
tf this value be adopted, the yard should be able to accommodate an overnight stock of:

P=12A+3A4A=154 (1.3)

b, --‘.'lx
-

Fig. 1.1. Sling with automatic hook. ' Fig. 1.2. Lifting a bundle ot cane



UNLOADING OF CANE 3
UNLOADING OF CANE

As drays have practically disappeared from the scene, we discuss only cane transported by
mechanical means: trailers, lorries and railway wagons.

Lorries and other vehicles are either unloaded onto a pile by means of a crane or are self-
discharging.

A. Unloading by crane. This cane is often loaded in "packets" or bundles, bound by three
chains or "slings" (Fig. 1.1). At one end these slings slide in a special hook fitted with a pawl,
while a ring is attached to the other end.

The unloading device at the factory, generally a crane, lifts the bundle of cane with the
aid of a "swingle-bar" or steel bar fitted with three hooks. The crane lifts the bundle and
deposits it on the heap of cane which is called a “‘stock-pile’’. The catches of the sling-hooks
are then released, and the crane lifts the swingle-bar with the slings hanging (Fig. 1.2).
Release of the catch may be controlled electrically.

For a 3-tonne crane, each bundle is of the order of 1,500 — 3,000 kg (3,000 - 6,00C Ib.] of
cane, generally about 2.500 kg (5,000 Ib.). A 4- or 5-tonne truck carries two such bundles.

When the swingle bar is replaced by a grab (Fig. 1.7), trucks carrying cane in bulk may
also be unloaded. The grab operates mainly at night to transfer to the lateral tables the cane
stacked during the day.

Fig 1.3. Unloading by tipping truck.
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B. Self-discharging vehicles. Several types of these are in use, the main ones being:

(a) Tipping trucks. These are trucks fitted with a body which is arranged to pivot about
its lower rear edge, and actuated by a hydraulic device which tilts the truck body towards
the back till its load of cane slides into the conveyor arranged to receive it (Fig. 13). This
conveyor is generally an inclined lateral table, rising towards the front so that it discharges
the cane into the carrier from a height of about 1.5 m (5 ft.) above it; its rear end is located
in a pit of approximately 2 m (6 ft.) in depth. The cane falls into this pit, which is defined
at the back by a plate rising about 0.6 m (2 ft.) above ground level, low enough not to in-
terfere with the tipping of the truck.

The slope of this lateral table is approximately 15° for the slat conveyor type, and 8° for
the type with fixed plates and moving brackets. Its length accordingly depends on the level
of the carrier relative to the ground, and is generally of the order 6 — 10 m (20— 30 ft.). The
cane slides from the truck body when it reaches an inclination of about 40-45°.

(b) Trucks with detachable bodies. This is a similar system, except that the truck body,
called a "bin" or "basket", is separate from the chassis on which it rests, and may be placed
on the ground or lifted onto the chassis by means of either mobile crane jibs carried on the
chassis or awinch placed behind the cabin. In the former case, it can betipped into the carrier
in the same way as a tipping truck. If several bins are supplied for each truck, these can be
filled in the field while the truck is returning with an empty bin; as soon as the empty bin
is unloaded at a convenient point for the cane cutters, a full bin can be loaded on the truck
immediately without loss of time. A similar delivery and pick-up can be effected at the fac-

Fig. 1.4. Cane transport by detachable container (loading in field)
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Fig. 1.5. Unloading by net

tory; thus a rapid turnaround of the truck is achieved, and a good capacity in tonnes of cane
transported per day (Fig. 1.4).
Numerous modifications of this system are in use.

(c) Tractors and semi-trailers With nets. Semi-trailers generally of large tonnage (25 - 40
tonnes) are fitted with a body of steel mesh (Fig. 1.5). On one of the sides of the body is
fixed a steel net which drops down that side, passes across the bottom, rises on the opposite
side, to which the end of the net is attached. In the field or at the cane loading station, the
cane is loaded in a pile on this net. On arrival at the factory, the tractor stops alongside a
deep, large-capacity auxiliary carrier, the side of the trailer body carrying the fixed end of
the net being lined up alongside the carrier and directly above the side of it. A crane then
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hooks onto the opposite end of the net and lifts it; the contents are thus tipped into the aux-
iliary carrier (Fig. 1.5).

(d) Flat-topped bulk trailers. Small trailers that can be attached behind light field tractors
are often used, especially in South Africa. The cane is placed in piles on the ground with the
stalks as far as possible lying parallel to each other. A cable is placed under the pile, and
brought back above it; a winch placed on the tractor then hauls in the cable, thus hauling
the pile of cane up on to the trailer. Many versions of this device are used, with rear or lateral
loading. Such devices arc inexpensive but, the canes being loosely packed, the width of the
load may exceed the maximum permitted on the roads, and their use should be limited to
fields directly connected to the factory by private roads (Fig. 1.6).

CANE-HANDLING EQUIPMENT

The principal types of equipment used at the factory cane yard are:
(1) The cane crane, or "derrick"

(2) The travelling crane

(3 The tipping platform or truck tip

(4) The cane rake.

Fig. 1.6. Loading cane in bulk by means of cable (Bell system).
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Fig. 1.7. Grab loader.

1. Cane crane

This is by far the most-used device. 1( is often called by its American name: ““derrick’. It
consists (Fig. 1.8) of a mast of fabricated steel, mounted on a pivot, S0 that it can rotate
through a full circle. At a suitable height 'his vertical mast carries a horizontal arm forming
atrack on which atrolley, carrying two pulleys, can run to and fro. A cable passes over these
two pulleys and hangs between them, thus forming a loop which carries a snatch block, on
which may be hung cither the swingle-bar or the grab.

The driver works in a cabin, which is located at the base of the mast or below the arm
and houses the motors for the various movements: rotation, traversing, raising or lowering
of the hook. It also generally houses the winding drums.

These cranes are driven generally by electric motor. They are classified according to their
mode of support, into:

(@) Guyed cranes (Fig. 1.8), now used less and less

(b) Self-supporting cranes (Fig. 1.9).

() Guyed cranes. This is the lighter form, the stability of the crane being ensured by re-
taining cables or guy ropes attached to a ring at the top of the mast (Fig. 1.8).

These guys must permit of rotation of the horizontal arm, and so must be fixed in the
ground at a considerable distance from the axis of the crane.

Number of guys. Strictly speaking, 3 guy ropes, arranged at an angle of 120° to each other,
would be sufficient. However, the number of guys is generally chosen so that breakage of
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Fig. 1.8. Cane derrick witt guys.

Fig. 1.9. Ten-tonne self-supporting derrick.

Ch.
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one of them does not cause the derrick to fall. This condition requires a minimum of 5, at
72°. For preference 6 or 8 should be used, if possible.

It would be necessary then to fix 5, 6, 7, or 8 anchor blocks, placed symmetrically on a
circle of 55-75 m (180-240 ft.) radius with the axis of the crane as centre, to which the
guys are attached. The presence of factory and office buildings makes the solution of this
problem very difficult. If it is necessary to modify the spacing of two cables to avoid in par-
ticular the factory buildings, it is necessary to ensure that a breakage of one of these widely
spaced cables will not leave a sector of more than 150°, which is the limit permissible for
stability of two adjacent cables.

Obviously, in case of breakage, it will be necessary to stop the crane immediately until the
damaged cable is replaced, since the remaining guys would not be able to ensure stability
under the dynamic loading of the crane in operation.

Tension of the cables. To obtain maximum rigidity, the cables must be tightened so that
the mast describes only a very small cone as the derrick is rotated, but without increasing
unduly the tension of the cables themselves. This tension should be checked frequently. The
cables should be painted or tarred every two or three years (to prevent corrosion).

Thickness of the cables. For a crane of 3 tonnes capacity, 5—8 cables of 25 mm (1 in.)
diameter are provided.

(b) Self-supporting cranes. These are obviously heavier and more massive (Figs. 1.2 and
1.9), but avoid the nuisance and danger of guys, which restrict movement a the cane yard
and which are sometimes very difficult to locate conveniently.

In countries subject to cyclones, these cranes should be designed for a wind pressure of
at least 350 or preferably 400 kg/m? (80 Ib./sq.ft.) (live load).

Capacity of cranes. The important characteristics of an unloading crane are:
(1) The lifting force
(2) The radius of operation
(3) The maximum height of lift of the grab.

(1) Liftingforce. This is the maximum weight which the crane can lift, at the end of the
arm. It is the most important factor, which serves to specify its capacity. For instance, one
speaks of a 3-tonne or 5-tonne crane. The usual values are 3, 5 and 10 tonnes.

(2) Radius of operation. This is the horizontal distance between the pivot of the crane and
avertical line through the pulley of the snatch block (corresponding to the centre of the grab)
when the trolley is at its extreme position at the end of the crane arm. Typica values are:
18,25 and 30 m (60, 80, 100 ft.).

(3) Maximum height oflift. This is the height from the end of the tines of the grab above
the platform level, when the grab is raised to its maximum height.
- To increase this height, and at the same time to enable the driver to oversee the operatlons
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and traffic of the platform, the base of a small (3 t.) derrick is generally raised by placing
it on a truncated cone of masonry about 2 m (6 ft.) in height.

The height of lift is generally of the order of 6—-8 m (20-25 ft.).

As a general rule, for a factory having only one derrick at its unloading station, the
characteristics adopted are approximately as follows:
(1) Lifting force:

F=01A (1.4)

F = lifting force, in tonnes
A = crushing rate of the factory, in t.c.h.
(2) Radius of operation:

R= 3V A (R = 10V A) (1.5)

R = radius of operation, in m (ft.).
(3) Maximum height of lift:

H= 8m (25 ft.) (1.6)

When two derricks (or two unloading devices) are available, the total tonnage A is divided
between them by allotting the tonnages 4, and A4, respectively, such that

A+ A = A

Speeds and power requirements. The speeds adopted for the various movements of the
crane, and the power required for the corresponding motors, are generally of the following
order:

(1) Lifting:
Lifting speed 20 — 50 m/min (80— 150 ft./min)
Power required 7.5 kW (10 h.p.) per tonne nominal capacity

(2) Rotation:
Rotational speed 1.5—2.5r.p.m.
Power required 1.0 kW (1.5 h.p.) per tonne nominal capacity

(3) Traversing: \
Speed of the trolley 30 —60 m/min (100 —-200 ft./min)
Power required 0,75 kW (1 h.p.) per tonne nominal capacity

When the crane is driven by compressed air, the single motor requires approximately 7.5
KW (10 h.p.) per tonne nominal capacity.
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Lateral tables. In large or medium factories, it is necessary to provide one or more |ateral
tables, on which the crane or cranes deposit thec cane. In this case, the carrier does not receive
the cane directly, but is fed by these lateral tables, controlled by an operator who regulates
their speed as required. The feeding of a carrier supplied in this way is much more regular
than in the case of direct feed.

Bulk density of cane in the pile. This density is similar to that of cane loaded mechanically,
or about 200 kg/m* (12 Ib./cu.ft.). if it refers to cane dumped at random. It increases to 300
keg/m? (18 Ib./cu.ft.) if the pile is made up of bundles of parallel stalks, deposited by the
swingle-bar. Tromp-® estimates 400 kg/m* (25 Ib./cu.ft.).

For cane cut in small pieces 0.3-0.6 m (1 -2 ft.) in length, as produced by certain
mechanical harvesters, a figure of 350 kg/m-* (22 Ib./cu.ft.) may be taken®.

2. Transporter crane

Factories handling more than 150 or 200 t.c.h. may find the derrick barely adequate for
storage and handling of the cane. They then resort to use of the transporter crane, which has
greater capacity and is more easily accommodated.

The system is closely analogous to that of the derrick. Instead of a circle, it serves a rec-
tangle, the length and breadth of which may be fixed at will. For this reason, it will be in-
dicated for certain long and narrow cane yards which have not sufficient space for a crane
to swing. The transporter crane must obviously span the cane carrier which it serves (Fig.
1.10).

Fig. 1.10 Travelling crane (Fives Cai - Babcock)
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Normal speeds are approximately:

Raising the hook or grab 15- 30 m/min (50—100 ft./min)
Longitudinal movement of the crane 50— 100 m/min (150 — 300 ft./min)
Traversing movement of the trolley 30- 60 m/min (100-200 ft./min)

In addition, two minutes must be allowed for each movement for detaching the chains and
returning for the next load?.
The corresponding power requirements of the motors are approximately:

Lifting: 45 kW (6 h.p.) per tonne nominal capacity
Longitudinal movement: 1.0 kW (1.5 h.p.) per tonne nominal capacity
Traversing movement:  0.25 kW (0.3 h.p.) per tonne nominal capacity

Often both the derrick and transporter crane are used, and this combination is readily
adaptable to all types of unloading area. One advantage of the transporter crane is that the
storage capacity can be readily increased, by increasing its length of travel. When it becomes
very long, it may be of advantage to provide the length of track by means of two transporter
cranes, which can then work simultaneously, each one serving one end of the carrier. The
work is further facilitated if each one is provided with its own lateral table.

The width of transporter cranes is of the order of 20-30 m (60— 100 ft.). Their cost in-
creases much more rapidly with increasing width than with increasing length. The length may
have almost any value up to 100 m (300 ft.) for a double transporter crane. The height of
lift is 8- 13 m (2540 ft.) and the capacity generally 6 — 10 tonnes.

3. Tip for trucks or trailers
When the cane arrives by railway trucks, it is more practical to empty the truck in one action,

Fig. 1.11. Lateral tip for trucks. Fig. 1.12. Small truck for end-tipping.
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Fig. 1.13. "Wicks" rake (Mirriees — Watson).

rather than to lift separately, with the crane, the bundles of cane piled in the truck.
This presents several advantages:
(1) Saving in time
(2) Saving in slings (this is by no means negligible)
(3) Less handling, because the cane is emptied directly into the carrier, as with drays
(4) Thanks to the absence of slings, the risk of passing pieces of chain or ratchet hooks
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through the mill is avoided. With a crane and slings, it is very rarely that a season is com-
pleted, in the absence of a magnetic separator, without removing two or three such pieces
from the mills; the roller grooving suffers severely as a result.

There are two types of tip:

(1) The lateral tip, for large waggons (Fig. 1.11}
(2) The endwise tip, for small trucks.

The trucks (Fig. 1.12) are provided with a U-shaped iron frame forming a cradle, in which
the cane is placed lengthwise parallel to the track. The ends are free, and the cane, well com-
pacted during the journey from the fields to the factory, falls out when the tip reaches the
desired inclination (40-45°).

Tips are sometimes installed for lorries also. The lorry is generally tipped endwise, toward
the rear.

The angle of discharge, for whole or chopped cane loaded in bulk, is approximately 42°.
Tips are designed for a maximum inclination of approximately 48°.

4. Rakes
These form an auxiliary unloading device, which is used mostly in Java and in some British
countries. Figure 1.13 gives a view which will make description superfluous.

It will be noted that the rake has not only a "picking” movement and a to-and-frc move-
ment in a mean plane, but that it can also make the same movement in a great number of
planes, forming a dihedral angle of some 30 — 40° to one side or the other of this mean plane.

_-:: ;'

Fig. 1.14. Loading canes in billets Lcgras trailer
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Chopper-harvested cane
Mechanical harvesting of cane is generally carried out by chopper harvesters such as the Mas-

sey-Ferguson, Toft, Claas. Cameco, Thomson, J. & L. (Fig. 1.14). These are machines which
cut the cane, chopping it into pieces25-30cm (10— 12in.) in length, and discharging it into
atruck or trailer moving alongside the harvester. When the vehicle is filled it is removed and
replaced by another. These trucks or trailers circulate in the field, holding 5 — 10 tonnes of
cane, and then transfer their load to aroad (or rail) vehicle which runs the Iength of the field,
holding 25 - 30 tonnes of cane and transporting its load to the factory (Fig. 1.15). One such

Fig. 1.15 Trailer with moving boltom (Legras).

Fig. 1.16. Transferring cane in the ficl¢ (Legras).
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transport widely used in French countries, and elsewhere, is the Legras trailer with conveyor
bottom. This trailer has a slat conveyor which forms the floor, and a door a the back. On
arrival at the factory, it stops above a pit, the door is opened and the conveyor set in motion;
the chopped cane falls onto a table at the bottom of the pit (Fig. 1.16).

Storage in containers

Among newly established sugar enterprises, some produce themselves the greater part of the
cane which they crush. These have adopted the following system: the cut cane is stacked in
containers of large volume, for example, 12 m (40 ft.) in length, 2.50 m (8 ft.) in width, 2.50
m (8 ft.) in height and of 75 m? (255 cu.ft.)in volume, holding about 22 — 25 tonnes of cane.
These containers are transported from the field to the factory on flat-top trucks and
deposited in rows on the unloading area at the factory. They are unloaded in the order in
which they arrive, onto the lateral tables, either by tips or by discharging nets.

Pusher - stacker transfer

Other establishments, equally new, are content with discharging the cane on a reserved sec-
tion of the cane yard which is concreted and on which one or two specialised machines,
equipped with a pusher blade or large scoop, push the cane into aregular heap 2 or 3 m (6
or 9 ft.) in height. These same machines later bring the cane back to feed the cane carrier
tables. Generally, there are two such machines, one receiving the cane and stacking it, the
other bringing it back and feeding the conveyor. This arrangement permits the formation of
two stacks, on opposite sides of the yard; thus it is possible to finish one stack before com-
mencing on the other and so to avoid leaving one portion of the canes longer in the yard than
the other. Delivery of the cane may be carried out around the clock or over 12 hours per day.
In the latter case, the area of the unloading yard should consequently be calculated as a func-
tion of the height of the stack, arranging the space necessary for manoeuvring the two mobile
machines. These are generally provided with four-wheel steering, to give avery small turning
circle.

LATERAL FEEDING TABLES AND CARRIERS

When the number of trucks is insufficient (which may occur at certain fixed times of day,
or accidentally at any moment), the crane makes up the cane supply to the carrier with the
aid of the grab.

However, variations occur in the quantity of cane so deposited per unit length of the car-
rier; there are gaps which cannot be filled in time. On the other hand, a bundle of cane from
alorry, deposited almost intact on the carrier, can cause an overload at the knives, in the
case of electric drive, opening the circuit breaker.

When such dense bundles of parallel canes occur, it is necessary to slow down the carrier
and practically stop it, otherwise there is arisk of choking the knives. Even with close atten-
tion, the attempt is not always successful.

These difficulties, due to the direct feeding of the carrier, have led to the adoption of aux-
iliary carriers. Many of these disadvantages are indeed overcome by providing a second or
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auxiliary carrier at right angles to the main carrier. Such a carrier may take the form of:
(1) A wide and relatively short platform or "lateral table"

(2) A carrier identical with the main carrier, but at right-angles to it. This is often called an
“auxiliary carrier".

1. Lateral table

This is in effect a very wide and short carrier, driven by an independent motor. In plan it
is rectangular or approximately square in shape. The upper run of the lateral table should
end at approximately 2 m (6 ft.) above that of the main carrier and its discharge end almost
vertically above the side plate of the carrier.

The crane deposits the cane on this table, and keeps up the supply to it as it discharges.
An attendant, conveniently located to watch the whole of the cane yard, and handy to the
speed control of the motor which drives the lateral table, starts it up whenever he sees that
the main carrier would otherwise be insufficiently loaded. The cane falls from the lateral
table into the carrier, and one advantage of this system is that the cane falls in a more or
less tangled condition, greatly facilitating the work of the cane knives. As soon as the desired
quantity of cane has fallen onto the carrier, the lateral table is slowed down or stopped. The
movement of the latter is thus very irregular, interrupted and jerky, and it is advantageous
to drive it by means of a very flexible variable-speed device, such as the French ““Elcotron’”
or the English ‘“Heenanand Froude’" drive. These provide a drive without solid contact: a
steel flywheel coupled to the motor transmits the drive, by induced Foucault currents, to a
deeve surrounding it and connected to the driven shaft.

The lateral table is particularly useful in countries where payment for cane is made accor-
ding to sugar content or recoverable sugar. The cane to be tested from a particular supplier
may then be accumulated on a special lateral table, without interfering with the feeding of
the mills. When the table is filled, its load of cane is fed to the mills without interrupting

Fig. 1.17. Cane tumbler (Fives Cail — Babcock)
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the movement of the main carrier; the beginning and end of the batch to be analysed are
simply marked with lime, in such a way that the juice sample boy can see clearly the beginn-.
ing and end of the batch.

Tumbler. The lateral table is much more effective if fitted with a "tumbler". This is a
horizontal shaft (Fig. 1.17), placed above the axis of the front drum of the table, and which
rotates slowly in the reverse direction. It is provided with arms arranged in a helix along its
length, which ensure that the cane falls into the carrier in small lots, avoiding a heavy fall
of large masses which would be liable to provoke chokes at the knives.

High-speed tumblers may aso be used, running at 80 — 100 r.p.m. and furnished with small
knives at the end of the arms; these give a more regular feed and cut some of the cane stalks,
thus assisting the work of the knives.

Area of the lateral table. The dimensions of the table vary considerably according to in-
dividual cases. A good dimension, designing for ample capacity, is.

S =2A/3 (S= 6A) (1.7)

S = area of the lateral table, in m? (sg. ft.)
A = crushing rate of the factory, in t.c.h.

For example, atable of 5 x 7 m (16 x 20 ft.) for 50 t.c.h.

For crushing rates greater than 70 t.c.h., it is of advantage to provide two lateral tables
rather than one large one. The dimensions of these will be arranged to follow the same rule:

Si +S,=2A3 (S, + S, =6A) (1.8)
Three or four tables may be used for one cane carrier.

Speed of thetable. By reason of its width, the speed of the lateral table is made much lower
than that of themain carrier. A value of 3— 6 m/min (10— 20 ft./min) may be adopted. With
a higher speed, there is a risk that too much cane will be dropped on the carrier at a time.

Power required for the motor. A motor should be provided of power roughly equal to
T=025S (T=00239 (1.9

= power of the driving motor, in h.p. (h.p.)
S = area of the table, in m? (sq.ft.).
This value is obviously appreciably greater than the mean power absorbed by the motor
in operation.

Slope. Lateral tables may be horizontal, or may have a slight forward slope of about 5°,
or a slope of 15° towards the rear. This last arrangement allows the length to be extended
to the point where tipping trucks can deliver their load directly onto the table, thus avoiding
extra handling and loss of time.
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Fig. 1.18. Unloading cane - travelling crane and lateral feec tables (BMA)

2. Auxiliary carrier (cross carrier)

This is a carrier of the same dimensions as the main carrier, but with its axis at right-angles
to that of the latter, and discharging to it. It supplies the main carrier in the manner of a
regulating tributary which feeds and evens out the main stream.

Speed. It will be driven at a speed about half that of the main carrier.

Power. Since it is subject to somewhat more friction, we may provide, if the conveyor is
horizontal:

T=0.345 (T = 0.05 S) (1.10)

T = power absorbed by the auxiliary carrier, in kW (h.p.]
S = arealoaded with cane on the auxiliary carrier, in m? (sg.ft.).

Construction of cross conveyors
These tables or carriers should move between two lateral steel plates, designed to guide the

cane and prevent it from falling beside the carrier. These side plates can conveniently be given
a 10° batter. '
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2. The Cane Carrier

The cane carrier is the moving apron which conveys the cane into the factory and which
assures the feed to the mills by transporting the cane from the yard to the crusher.

Since effective feeding of the crusher requires an elevated hopper, and the cane must be
raised to this high level from the level of the yard, where the carrier is generally in a pit, the
carrier always includes a sloping portion (Fig. 2.1). We have:

(a) The horizontal portion

(b) Theinclined portion

() The head where the cane arrives above the crusher.

Fig. 2.1. Cane carrier (Fives Cail - Babcock).

Slope

The dope of the inclined portion varies from 27% (15°) to a maximum of 40% (22°).
Generally, a value below 27% is not used. If too low a slope is adopted, the cost of the in-
stallation and the space occupied are increased. A value of 40% is not exceeded, otherwise
the cane would be liable to slip and the conveyor would move forward without picking it up.
The best and commonest values are 30% (17°) to 38% (21°).

When no knives are installed, or when the knife set is a the top of the carrier (which
amounts to the same thing), it is advisable to keep the slope at 33 or 36%. \When one or two
sets of knives precede the inclined portion, or are located at the beginning of the latter, a
dope of 38% (21°) may safely be adopted, and may even attain 40% (22°) if necessary.

Length of inclined portion

This length will be that necessary to attain, with the inclination adopted, the desired level
above the crusher. Generally, the height from the ground level at the mills to the highest point
of the carrier will be about:
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6-7 m (20— 23 ft.) in the case of an ordinary (2-roller) crusher, located above the first mill
4—5m (13—16 ft.) in the case of a mill-crusher (3 rollers).

Assuming the floor-level of the horizontal portion of the carrier, in the yard, to be 1 m
(3 ft.) below the ground level at the mills, and basing our figures on a slope of 36%, the in-
clined portion of the carrier will have a length of:

(@) With an ordinary crusher:

-8 _ ]
L = 036 - 20-22 m (64-72 ft.) (2.1)
(b) With a 3-roller crusher:
L= = 14-17 - . .
036 14—17 m (45-56 ft.) (2.2)

Length of horizontal portion
The length of the horizontal portion is determined by the width of lateral tables or the space
required for other unloading devices.

Width

The width of the carrier is always made equal to the length of the mill rollers. A wider carrier
would not feed the crusher uniformly over its width, since it would necessitate a feed hopper
in the form of a portion of a pyramid, converging towards the crusher; the ends of the rollers
will thus receive a heavier feed than the centre. A narrower carrier would have the opposite
disadvantage, which, however, would be less marked on account of the spreading of the cut
canes in the chute.

Speed
The speed of the carrier is not fixed in any absolute fashion. However, it is advisable that
it be related to the peripheral speed of the mills, for example, half of the latter:

«= ‘21 2.3)

u = mean speed of the carrier
v = mean peripheral speed of the mills, in the same unit.

We shall consider how the thickness of cane on the carrier will vary, under this condition.
The capacity of the carrier has the value:

1,000 A = 60 uLhd (2,240 A = 60 uLhd) (2.4)

crushing rate, in t.c.h.
speed of the carrier, in m/min (ft./min)
width of the carrier, in m (ft.)

I
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mean depth of the layer of cane on the carrier, in m (ft.)
d = bulk density of the cane on the carrier:

d = 150 kg/m? ( 9 Ib./cu.ft.) (tangled canes)
d = 175 kg/m? (11 Ib./cu.ft.) (parallel canes)
d = 300 kg/m3 (18 Ib./cu.ft.) (cane after knife preparation).

We shall assume the case of two sets of knives and a shredder, the knives located before
the sloping portion. We have then:

A = 18Luh (A = 0536 Luh) (2.5)

We shall see later (egn. (12.6)) that the normal capacity of the mills, A, has a value:

. 09ecnLD? (1 - 0.06 D) VN A = gzm-- enLD? (1 - 0018 nD) v N\
A / ( = e / ,

= capacity of mills with knife preparation, in t.c.h.
= gpeed of rotation of the mills, in r.p.m.
length of rollers, in m (ft.)
diameter of rollers, in m (ft.)
number of rollers in the tandem
| = fibre per unit weight of cane.
But:

A
n
L
D
N

V = «Dn or. Dn = (2.6)

Ne

v = peripheral speed of the mill rollers, in m/min (ft./min).
Whence:

0.285 cLvD (1 - 0.02Vv) Vv N ( 0.008 cLvD (1 - 0.06 v) \/W)
A= 7 A= 7

Substituting this value in egn. (2.5) and taking u = v/2, we have:

,_ 0032 D \/Wf (1- 002 V) { ,{ 008030 N (11- 0.006)\ )2

h = being in m (ft.)
c = coefficent for preparatory plant.

If we neglect the correction term (1 - 0.06 v), which varies only slightly with v and causes
a dight decrease in the cane layer with increasing mill speeds, we see that the thickness of
cane, for normal operation of the mills, will vary:
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Inversely as fibre in cane
Directly proportional to roller diameter
Proportional to the square root of the number of rollers.

If, instead of a carrier speed proportional to that of the mills, we had adopted a constant
speed, independent of that of the mills, for example, 5 m/min (15 ft./min), we would have
found that h would vary as:

nD2\ N
S

that is, the thickness of the cane layer would be proportional to the square of the roller
diameter, and we would arrive at excessive thicknesses in the case of large mills and long
tandems, working at high speeds.

For thisreason it is preferable to relate the speed of the cane carrier to the mean peripheral
speed v of the mill rollers. The thickness of the cane layer is then proportional to D, which
is logical since it varies proportionally to a linear dimension of the mill.

In general, we adopt:

u=03-05v (2.8)

Carrier dats

Cane carrier dats were previously made of wood. This material is no longer found except
in certain lateral tables; it is unsuitable for use with knives, on account of the stresses impos-
ed on the carrier apron in its passage below the knives, and especially because pieces of cane
would fall through the spaces between the boards.

Fig. 2.2. Steel carrier dats (Fives Cail - Babcock).

Carrier aprons (Fig. 2.2) are made up of steel slats which overlap by a rounded edge in
the form of a cylinder concentric with the rollers which carry the chain and the pins which
join successive links of the chain together. This rounded edge permits a passage of the dats
over the sprockets at the head and foot of the carrier, while maintaining the overlap, and
gives the apron the necessary flexibility.

The apron is generally supported by two chains, sometimes three in very wide mills.

Power _
The mean power absorbed by the cane carrier consists of two terms:
(@) The power necessary to overcome friction. It has the value:

Py 60 x 75 60 x 550



POWER

Py= power necessary to overcome friction, in h.p.

Q = weight of cane on the carrier, in kg (Ib.)

K = weight of the upper run of the conveyor, in kg (Ib.)

weight of the lower run

half the total weight of the moving part of the carrier

| = coefficient of friction of the upper run, of the order of 0.30

| = coefficient of rolling friction of the lower run, of the order of 0.15

u = speed of the conveyor, in m/min (ft./min)

X = coefficient of the order of 1.4- 1.5, allowing for the efficiency of the gearing transmit-
ting the drive.

The values given for fand f' take into account all sources of friction, as well as allowing
for a certain proportion of rollers which do not rotate, or do not rotate freely. They aso
alow for the difference between the rolling friction of the upper run, on al the rollers, and
the lower run, on loose pulleys of large diameter. If the upper run dides, instead of working
onrollers, it would be necessary to take f = 0.60. The theoretical coefficient for rolling fric-
tion is 0.15.

The coefficients 0.30 and 0.15 take into account the inclined portion of the carrier, which
theoretically should be calculated separately, taking into account the cosine and sine of the
angle of inclination. However, the margin of error in the coefficients of friction makes it
superfluous to introduce this refinement.

The term:

6+Bm  [(Q+ i)
60 X 75 \ 60 x 550

represents the friction of the upper run under load.

The term:
K { J‘LL)
60 x 75 160 x 550
that of the lower run, empty.
Also, we have:
Q= Z.Lhd (2.10)

Z, = loaded length of the carrier, in m (ft.)

(for safety we take the full length of the apron)
width of the carrier, in m (ft.)

thickness of the cane layer on the carrier, in m (ft.)
bulk density of the cane on the carrier (cf. egn. (2.4)
is given by egn. (2.5).

We have aso more simply:

> Q ST

25
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1,000 AZ, /2240 AZC') -
= eou = G 21D
On the other hand:
Z,
K = 5’(219 +p" (2.12)
Z, = total length of the carrier apron, in m (ft.)
p = weight per unit length of the actual chain, in kg/m (lb./ft.) (we assume the dats are

carried by 2 chains)
p' - weight of the apron (or slats) per unit length of the carrier, in kg/m (Ib./ft.)
We shall take:
p = 18-30Kkg/m (12-20 Ib./ft.) according to the type of chain
p' = 32-40kg/m per mof width (i.e. 8 —10kg/m2)(8- 10 Ib./sq.ft.)for steel slats. Hence,
(48— 60 1b./ft. length) for a2 m (6 ft.) carrier.

(b) The power P, necessary to elevate the cane:

1,000 AH / 2,240 AH
Fe = 3,600 x 75 \ ¢ 3600 x 550 M @13)
P, = power necessary to elevate the cane, in h.p.
A - crushing rate of the mills, in t.c.h.
H = difference in height between the highest part of the carrier, above the crusher, and the
horizontal part of the carrier in the yard, in m (ft.)
X = coefficient depending on the efficiency of the gearing, varying from 1.4 to 15.
Finally:

P = mean total power absorbed by the carrier, in h.p.
Roughly, we may reckon, as a first approximation,

32"+Ah / Z, + A ) (2.14)
P=—% P (P=—e—hp |
Z, = total length of the carrier, in m (ft.)
A = crushing rate of the mills, in t.c.h.
The installed power should be appreciably higher, say:
3Z, + A : \; Z, + A )
P. = —_— D. P = h, » .
i 10 p f 9 P (215)
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Carrier drive

The cane carrier is always driven independently, by electric motor. As this is essentially a
constant-speed machine, and the carrier speed must be frequently varied, the drive is effected
through a variable-speed coupler.

Variable-speed coupling using Foucault current. Some organisations, particularly the firm
of ““Heenan and Froude’’ in England, supply couplings which may be interposed between
the motor and the driven gears, permitting a very progressive and flexible speed variation of
the driven shaft from 0 to 100%. This drive has already been mentioned in connection with
the drive for lateral tables (p. 17). A flywheel, driven by the electric motor, turns freely in-
side asleeve. The latter, by means of gears or belts, drives the shaft at the head of the carrier.
By means of a suitable control, actuated by a knurled knob or a hand wheel, Foucault cur-
rents can be induced in the flywheel, and their intensity varied a will. As these currents are
increased, the drive between flywheel and deeve becomes more and more positive. Thus any
desired degree of slip can be obtained between these two elements, and consequently any
desired speed of the driven shaft.

This method is neat and flexible; its cost is not excessive. It may be employed, not only
for driving the cane carrier, but aso for lateral tables and auxiliary carriers. In addition to
hand control, the coupling may be controlled by an electric motor, e.g., by one phase of the
knife motor. In this way, the speed of the carrier is automatically reduced when the knives
are loaded, and increased in the opposite case; this serves to avoid chokes at the knives and
to assure a regular feed to the mills.

In place of electrical control, speed variation may be effected by hydraulic motor (see p.
37).

Tension

The free end of the carrier is fitted with an adjustment permitting the tension of the conveyor
to be adjusted. Since the drive is located at the head of the carrier, and the resistance to the
movement is produced by the loaded upper run of the carrier, it is the lower run which will
be slack. Care is necessary to ensure that this slack is neither too much, nor too little. The

Fig. 2.3. Effect of shape of carrier head. Straight head. Fig. 2.4. Effect of shape of carrier head. Curved head.
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tension moreover need not be great; the lower run is allowed to form tairiy pronounced
curves between the idler pulleys.

Form of head of the carrier

The knives sometimes leave a certain proportion of uncut sticks at the bottom of the cane
layer. These sticks form a kind of grating at the bottom of the layer, which supports the chips
and pieces of cut cane and prevents them from falling continuously from the top of the car-
rier.

If the carrier were to terminate abruptly, the inclined portion finishing right at the top
sprockets, the cane reaching the upper end of the carrier in this way would first jut out
beyond the carrier and then fall in batches into the feed hopper of the crusher (Fig. 2.3) or
mill. The feed of the crusher would be irregular, jerky and defective.

To avoid this disadvantage, the head of the carrier is designed with a gradual curve,
tangential to the sloping portion, so that the surface of the carrier becomes first horizontal,
then slopes downwards until it aimost reaches the angle of repose of cane (or cut pieces of
cane). The cane will continue to fall in batches, but these batches are smaller and more
numerous, and the intervals between them more uniform. The cane may even form a con-
tinuous blanket from the carrier to the crusher (Fig. 2.4) or the mill.

It is necessary therefore to give careful attention to the form of the head of the carrier.

Cane elevators

When space is restricted, the inclined portion of the cane carrier may be replaced by a cane
elevator. Thisis asimilar piece of equipment, but designed to lift the cane at a much steeper
angle (Fig. 2.5). It operates on cut canes, since the elevator is always located after at least
the first set of knives, and generally after both sets of knives.

The dlope may thus be increased up to 60°. In general it is maintained between 35 and 40°.
However, above 22°, the conveyor is no longer an ordinary carrier and it is desirable to make
provision for preventing slip of the pieces of cane: angle irons, spikes, or hooks placed on
the slats to give a positive grip on the cane.

Such elevators have, ailmost inevitably, the disadvantage described above; they end abrupt-
ly, and it would be difficult to give them a suitable curved form a the top.

Speed. The elevators are generally given a speed of 6- 10 m/min (18 — 30 ft./min). For
preference, a value will be chosen:

u=0305v (2.16)

Fig. 2.5. Cane elevator.
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u = speed of the elevator
v = mean peripheral speed of the mills.

Power. The power required is calculated for elevators as for carriers. Since the inclination
is no longer negligible, the term P ineqn. (2.9) should, however, be multiplied by the cosine
of the angle of elevation and will consequently be reduced proportionately.

Equalisers

The term "equaliser” is used to describe an apparatus designed to even out the distribution
of cane on the carrier, and to leve the layer of cane to a certain extent (Fig. 2.6). This must
not be confused with the "leveller”", which is a set of knives, and which evens out the layer
of cane while cutting it.

Fig. 2.6. Equaliser.

Description. An equaliser consists of a shaft placed across the carrier, carrying curved
arms, and rotating in such a direction that the arms passing nearest the carrier boards move
in the opposite direction to the latter. Thus the direction of rotation of the equaliser is such
as to throw the cane backwards (Fig. 2.6), whereas the cane knives generally rotate in such
a direction as to throw the pieces of cane forward (Fig. 3.1).

Use. An equaliser is installed when the cane is very tangled on the carrier and when the
levelling knives, set fairly low, would themselves be unable to level the cane adequately. The
equaliser is thus a secondary and inexpensive piece of equipment, placed after the knives, and
designed to lighten their duty. It is not often found since the use of a second set of knives
has become general.

Speed. An equaliser should rotate at about 40-50 r.p.m.
Clearance. The shaft will be set a such a height that the distance between the ends of the

arms and the carrier slatsis slightly less than the height & given by egn. (2.5), in which 4 may
be taken as 130 kg/m? (8 1b./cu.ft.).



30

THE CANE CARRIER

Fig. 2.7. "Auto-cane". Feeler (Edwards Eng. Corp.).

Fig. 2.8. “‘Auto-cane” Drive assembly, with motors, filter, hydraulic transmission, speed control and oil reservoir
(Edwards Eng. Corp.).

Power. A motor of power

P=0.15A (P = 02A) (2.17)

power ofthe driving motor, in kW (h.p.)
crushing rate, in t.c.h.

> o
I
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will generally suffice to cope with the frequent overloads caused by the passage of compact
bundles of cane deposited on the carrier by the crane.

Automatic control of speed

Most factories in recent years have installed their own system for ensuring the regular feed
of cane into the milling plant, or have adopted a system offered with the same object by a
machinery manufacturer.

The best known system for such regularisation of cane feed is the ‘‘Autocane’’, made by
the Edwards Engineering Corporation.

It comprises a detector, a hydraulic motor, and control equipment.

The detector (Fig. 2.7) consists of a number of bars, one end of which rests on the layer
of cut cane after the knives, while the other end is pivoted on a shaft and actuates a deeve
mounted concentrically on that shaft. Variations in the height of the cane layer are thus
registered in and totalised, and furnish a signa which is transmitted to a motor. The latter
drives an oil pump the output of which drives a hydraulic motor which in turn drives the shaft
at the head of the carrier. The speed of the latter is thus maintained inversely proportional
to the thickness of the layer of cut cane, in such away that the volume delivered by the carrier
remains constant.

The control equipment allows of adjustment of speed to suit the desired tonnage. This can
be regulated from 25 to 100% of its maximum capacity.

The detector can be used only on the cut cane after passing through the knives; if a shred-
der is in use, the result can indeed be better. The power of the electric motor is 8- 16 kW
(12-25 h.p.) depending on the capacity of the tandem.

The "Autocane" and similar devices assure a very uniform feed, eliminating the necessity
for an operator placed at the carrier, and leading to a gain in crushing rate, thanks to the
regularity of feed and the elimination of chokes.



3. Cane Knives

Object and uses

Knives are not an indispensable item of equipment in the sugar factory, in the sense that it
would be possible to operate without them. Before 1920, many factories did not possess
knives. However, this equipment gives such an improvement in feeding that today it is no
longer a question of doing without them. A knife set, for a factory which does not possess
one, would very soon pay for itself.

With whole cane, the attempt at obtaining a completely even feed to the mill is never really
successful. By placing an "equaliser" (see p. 29) over the carrier, a cane layer of nearly
uniform thickness may be obtained. However, this layer will reach the mill only in successive
lumps, and its small bulk density will render difficult the work of the crusher, which consists,
in short, of "swallowing" as much cane as possible in a given time.

Furthermore, the metal of the mill rollers often slips on the smooth, waxy and polished
rind of the cane; hence chokes occur, with short or long interruptions to the feed or a
decrease in crushing rate. The knives, on the other hand, supply the cane in very short and
small pieces. Whereas whole canes lean one against the other, arching over and leaving voids
between them, these small pieces settle together into a compact mass, which drops easily into
the feed hopper, and which the crusher will grip without trouble and will absorb in a con-
tinuous manner.

Between whole canes and canes which have passed through the knives, there is the same
difference as between a handful of matches and a handful of sawdust. The difference existing
between these two dtates of the same material can be readily redised. It is shown in their
respective bulk densities:

Whole canes more or less tangled:  125-—-150 kg/m? ( 8 — 9 Ib./cu.ft.)
Canes passed through knives: 250 - 300 kg/m3 (15-18 Ib./cu.ft.)

The cane knives then perform two functions and have two advantages:

(@) They favour the capacity of the mills

(b) They assist the extraction of the mills by breaking the rind of the cane and so
facilitating its disintegration and the extraction of its juice.

From the point of view of its resistance to pressure, cane can in fact be compared with
along cylinder reinforced with transverse dividing walls (the nodes). Accordingly, it presents
to the mill a resistance similar to that of a stick of bamboo, the internodes of which have
been filled with a sugar-bearing pulp (cane is moreover very closely related to bamboo and
successful attempts have been made to cross these two plants and so obtain hybrids). The
pulp in the interior of these cylinders, which lie end to end, will be more rapidly recovered
as the cylinders are opened and the dividing walls broken.
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However, the value of knives for the two functions described above is very unequal:

(@ From the point of view of capacity, nothing can replace them. If there are no knives
the crusher can only take what it succeeds in gripping out of the light and bulky mass of
whole canes.

(b) From the point of view of extraction, on the contrary, the crusher and the mills have
precisely the object of breaking up the cane, and crushing the casing of its rind and the hard
structure of its nodes. It is possible then to carry out this function of the knives by good work
at crusher and mills. In particular, the gain obtained from a knife installation from this point
of view is appreciably inferior to the gain which one would obtain by the addition of a further
mill.

It is then predominantly to improve the capacity of the mills, that knives are generaly in-
stalled.

Chopped cane. The preceding remarks apply to the general case of cane delivered as whole
stalks. If the factory receives al or nearly dl of its cane as cut pieces from chopper-
harvesters, the case is very different and the main reason for using knives disappears. In
Australia, for example, the cane supply is 100% chopper-harvested; the pieces moreover are
clean-cut, straight and free of ragged ends. Australian factories take advantage of this and
have completely abandoned knives. The carrier thus delivers the cane direct to the shredder,
which becomes the only preparation device. It is a high-power, heavy-duty machine, since
the chopped cane offers more resistance than normal knife-prepared cane.

Fig. 3.1. Cane knives.

Description

Standard type. We show (Fig. 3.1) a standard type of knife installation. It consists of a
heavy shaft of hexagona or octagonal section mounted on roller bearings, and on which are
threaded or fixed arms each carrying two blades symmetrically placed with relation to the
shaft.

The second arm is offset 60° relative to the first, if the shaft is hexagonal; the following
oneis offset a further 60° and o on. In thisway, if there are 36 arms, for example, the knife
installation will consist of 72 blades distributed in rows of 12 in 6 different axial half-planes
(or 3 planes). In order to reduce the pitch and increase the number of cutting planes, the arms
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carrying the knives are so fabricated that the two blades on each arm rotate in two different
planes separated by half a pitch. This doubles the number of cutting planes.

Viewed from the front, the 72 blades then rotate in 72 planes perpendicular to the axis,
or so-called "cutting planes’, consisting of so many circles of rotation.

The term "pitch" of knives is the mean distance, measured parallel to the axis, separating
two successive circles of rotation.

The knife blades are removable, so that they can be easily taken off for resharpening or
for replacement by another set of blades.

It is preferable to fix a knife to the arm in such a way that the edge affected by shocks
is supported by a flange or a wide stirrup rather than fixing it so that shocks are absorbed
by the bolts or pins securing the knife. In the latter case, the bolt hole becomes ovalised and
some play develops, accentuating the effect of shocks; the hole thus forms a section of
weakness in the knife, leading to breakage.

Other designs. Apart from this standard type, certain manufacturers have introduced

various modifications of detail, the principal ones of which have the objects of:

(1) Prolonging the working life of the blades by diminishing wear of the cutting edge.

(2) Producing a self-sharpening effect of the knives on the trailing edge, and so rendering
them reversible (Figs. 3.2 and 3.3).

(3) Avoiding reduction of the length of the blades with wear.

With the Mirrlees— Watson bent or hoe knife, not only does the radius of action remain
constant with wear, but one also obtains the effect of a transverse cut due to the bent end
of the knife (Fig. 3.4); and this transverse cut is superimposed on the longitudinal cut made
by the radial part of the knife.

(4) Diminishing or reducing the consequences of shocks, by mounting the knives so as to
swing on a pin, obtaining at the same time a slight displacement of the cutting points (Fig.
35).

+
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Fig. 3.2. Knife set with twin reversible blades (Fives Cail — Babcock) Fig. 3.3. Reversible blade.
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Fig. 34. Mirrless "Hoe" knife.

Fig. 3.6. Knife drive by electric motor (Fives Cai! - Babcock).

Effect on cane carrier
Cane carriers were previously furnished with wooden slats. It is the adoption of knives which
has necessitated the provision of sted dlats, since the wooden boards would be damaged
under the knives, and chips of cane would pass through the spaces between the carrier
boards.

Even with stedl slats, it is necessary to reinforce the carrier whereit passes under the knives;
areinforcing beam is placed under each rail supporting the carrier chains, and an angle iron
support under the ends of the carrier dlats.

Methods of drive
Knives may be driven by two different sources of power:
(1) Electric motor
(2) Steam turbine.
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Fig. 3.7. Knife drive by steam turbine.

(1) Electric drive is effected by a wound rotor induction motor with dlip-rings and with
or without provision for lifting the brushes (Fig. 3.6).

(2) Driveby steam turbineisthe most attractive (Fig. 3.7). It permits some degree of speed
variation, but is expensive, as the cost of the turbine sometimes exceeds twice that of the elec-
tric motor. Moreover, it necessitates either a specia attendant or at least partial supervision,
and it does not warrant consideration except for large tandems above 150 t.c.h.

As regards transmission of the drive, we may distinguish: () belt drive, (b) direct drive
through a flexible coupling.
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(a) Belt drive originally had the prime object of avoiding too drastic shocks on the knives;
in case of an overload, the belt would come off. Actually this advantage is very slight and
it is sometimes just as much trouble to have to replace the belt which has come off, as to
replace a broken knife blade. In any case, if it is a matter of a piece of tramp iron passing
through with the cane the belt comes off but, generally, the knife is broken just the same.
The only advantage is that, having stopped the mill, the knife and the piece of iron can be
more easily recovered; or indeed the driver of the crusher is alerted and is more likely to see
them drop into the feed hopper.

Fig. 3.8. Flexible coupling.

(b) In modern practice the preference is generally for direct drive through a flexible coupl-
ing (Fig. 3.8). The knife assembly is connected directly to the motor shaft by the simple inter-
position of adevice which is relatively flexible and consists of a cord or rope laced alternately
between pins or studs fixed in two discs, the driving disc being attached to the motor, the
driven disc to the shaft assembly of the knives. This arrangement is much simpler and more
economical, and gives every satisfaction, provided that the motor is suffciently powerful.

Belt drive is now retained only for connecting two adjacent sets of knives.

Pitch of knives
We have already seen that the pitch of the knives is the interval separating the circles of rota-
tion or the cutting planes of two adjacent blades.

Generaly, 2 or 3 sets of knives are installed, the first of 50 mm (2 in.) pitch, the second
(and third) of 20— 22 mm (just below 1 in.).

Number of blades
The pitch fixes the number of blades. In the case where each knife turns in a different plane
we have:

N =—-1 (=2.1)

N = number of knives
L = width of carrier, in cm (in.)
p = pitch of knives, in cm (in.).
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Fig. 3.9. Clearance of knives.

When egn. (3.1) gives an odd number for N, the even number immediately lower is always
adopted; the interval between the extreme blades and the sides of the carrier will then be
greater than the pitch.

Clearance

The clearance of a knife set is the distance r between the circle described by the extremity
of the knives and the plane passing through the highest portions of the carrier apron (Fig.
3.9). '

The clearance is an important factor in the operation of a knife set. On it depends the pro-
portion of cane cut and consequently, to some extent, the efficiency of the knives.

The clearance may be adjusted by raising or lowering bodily the steel frame supporting the
carrier below the knives. However, it is preferable to adjust it by moving the knives and their
driving motor on horizontal slides. Since the knives are placed (precisely with this object) on
the inclined portion of the carrier, the clearance can thus be set at will to the desired value.

Clearance may aso be adjusted by placing packing pieces under the knives and motor.

Proportion of cane not cut
This is immediately obtained:

7

x 100 (3.2)

i =

=5!

weight of uncut cane, % of weight treated
clearance of knives, in mm (in.)

height of cane layer, in mm (in.).

Remember that h is given in m (ft.) by egn. (2.4):

i
r
h
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h=_ 33
60 ulLd ( 60 uLd] -3

>
I

crushing rate of mills, in t.c.h.
« = gpeed of carrier, in m/min (ft./min)

L = width of carrier, in m (ft.)
d = bulk density of cane fed to the knives, in kg/m3 (lb./cu.ft.):
d = 150 kg/m? ( 9 Ib./cu.ft.) (tangled cane)
d = 175 kg/m?3 (11 Ib./cu.ft.) (paralel cane)
d = 300 kg/m? (18 Ib./cu.ft.) (cut cane, in the case of 2nd knife set).

These values of d should be somewhat higher than those indicated by egn. (2.4) since it
is actually a question of the density of cane as it passes through the knives, and since the
knives, as they strike the cane, pack the cane to some extent on the apron of the carrier.

The proportion of cane cut is obviously:

Kk = 100 -1 (3.4)
100

It is not easy to determine accurately the mean speed u for the cane carrier. The best way
Is to measure the total length of the carrier apron, to mark with paint one link or one slat,
and to determine the time for this link to return to a given point, for example the head of
the carrier, opposite a mark made for this purpose. If the total length of the apron is Z,,
and if the marked dat takes ¢+ minutes to complete its course, the average speed will be:

Z

u= . m/min (ft./min) (3.5

It will be advisable to take the mean of 3, 5 or 10 complete cycles of the carrier.

Direction of rotation

The almost universal practice is to arrange the knives to rotate in such a manner that the
knives a the lowest part of their rotation will move in the direction corresponding to the
movement of the carrier (Figs. 3.1 and 3.9). However, some factories arrange for one or
sometimes both sets of knivesto rotatein theinverse direction. Thisis not always easily done;
it augments the cutting effect on the cane but at the same time increases the power re-
quirements. The knives should always be installed either at a high clearance or in such a way
as to throw the pieces of cut cane upwards.

Knife blades
Knife blades should be in special steel. FCB supplies them in steel of type 55 SCD 8 with
C-Si—Mn - Cr— Mo, heated, tempered and hardened, with Brinell hardness of 360/400
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HB. When the knives are subject to wear due to sand and stone, carbon steel XC 32 may
be used; this can be resurfaced in place by application of tungsten or stellite.

Balancing. A set of knives must be well balanced. In order to avoid lack of balance when
the knives are reassembled, at the beginning of a season or after re-sharpening, it is necessary
to weigh the blades and replace them in pairs such that on each arm carrying two opposed
blades, the weight of these blades is practically equal. In the same way, when a knife has to
be replaced, two opposite blades should be removed, and replaced by two new or used blades,
of equal weight.

Maintenance. A mechanic should be detailed and charged with the job of inspecting the
knife set every week at the time of the weekly shut-down, in order to check whether there
are any loose bolts, or loose, ovalised or cracked knives which should be changed.

Method of utilising knives
Maxwell' distinguishes two types of knives, according to the role which is demanded of them:

(@) The leveller knives which are required mainly to even out the layer of cane. They are
arranged to work with a high clearance and in consequence leave a large proportion of uncut
cane. .

(b) The cutting knives. This second effect is sought only when two sets of knives are in-
stalled: the first, at the bottom of the sloping portion of the carrier, would play the role of
levellers, the second, immediately after the first or at the head of the carrier, would then have
the function of finishing the complete disintegration of the cane, and would be used at a very
small clearance (Fig. 3.10).

This distinction, we fear, is somewhat artificial. A single set of knives performs atask con-
siderably more important than simple levelling of the cane layer. It "minces" the cane into
small pieces which cover up and fill in the gaps in the feed and s0 improve the feeding of
the crusher. Many single sets of knives are employed, with such a clearance that they are in
reality cutting knives. However, the general practice is to install at least two sets of knives.

Finally, we consider that the above distinction has no significance except when it is a mat-
ter of describing the effective roles of two sets of cane knives working on the same carrier.
It is then rather appropriate.

2nd Knife set

I

1 st Knife set

|
1
| |
1

Fig. 3.10. Installation of two sets of knives.
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The second knife set. We have seen the great value of a set of knives, on account of its
favourable influence on the feeding and the capacity of the mills. To obtain the full effect
desired, it is necessary to have two sets of knives at least. One set cannot reduce the thickness
of the cane layer sufficiently nor can it cut the cane sufficiently fine. This action is achieved
by the second set of knives, which cuts the lower layer which the first set has not touched,
and delivers the cut cane in smaller and thinner pieces. The second set thus facilitating the
feeding of the mills:

(7) From the point of view of extraction, according to several tests, the gain obtained by
a second set is found to be small and difficult to detect.

(2) From the point of view of capacity, its effect is much more definite, although obvious-
ly appreciably less than that of the first set. We can reckon approximately:

Withoutknives  With 1set  With 2 sets
Relative capacities 1 1.15 120

In other words, the first set of knives gives a gain of approximately 15%, the second adds
another 4 or 5%. This is indeed much less but, taking into account the costs of purchase and
upkeep of a knife set, it is still very profitable. The second set is particularly useful with a
short tandem, since it is then desirable to present to the mills pieces of cane as finely divided
as possible, in such a way as to enable the earlier mills to obtain the maximum extraction.
It is with tandems of 5 mills (say 15 rollers) or more that Maxwell? advised against a second
set; he considered on the contrary that with 4 mills (12 rollers) and less, the second set could
be useful. We think that if his comments, dating from 1932, had been written 30 years later,
his conclusion would have been different and two sets of knives would have been recom-
mended in all cases. :

The third knife set. It is difficult to assess the gain in capacity achieved by a third set of
knives. It could perhaps be expressed by inserting a coefficient of 1.22in the above formula
for capacity. It is certainly a small gain only, but a third knife set is fairly widely used. It
completes the work of preparation and permits attaining a better index of preparation (cf.
p. 61). Cane preparation today is considered so important that the installation of a third
set of knives does not completely rule out the addition of a shredder as the fourth preparatory
device.

The shredder, however, has one advantage over knives. In countries where numerous
stones occur in fields and mechanical loading allows them to arrive at the mill, they cause
much less damage to the shredder than to the knives. However, the knives are unfortunately
the first in line, and receive al the stones which have escaped the means of detection and
0 suffer considerably. The first knives thus detect the stone, the carrier is stopped, the
following knives and shredder are protected, but several blades have been damaged and these
accidents are very expensive, owing to the stoppage, the loss of time and the loss of knife
blades.

It is thus very important to take all possible measures to detect stones before the first set
of knives. The factory of Bois-Rouge, in Reunion, which crushes at 100 t.c.h., has 3 sets of
knives, arranged and driven as follows:
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Knives Number of Pitch Speed Clearance Nominal power  Mean power absorbed

blades (mm (n) (r.p.m.) (mm)  (in) KW)  (h.p.) KW)  (h.p.)
1st 32 50 2 480 306 12 130 175 55 IR
2nd 7] 50 2 480 10 3 130 175 75 100
3rd 80 2 1 640 65 1 255 340 0 10

The value of the third set is debatable: it does not give an appreciable gain in capacity,
but its supporters assert that it assures that a high extraction can be regularly maintained.
Its effect is often compared with that of a shredder. It would be particularly indicated in the
case of extraction by diffusion, as the mass of chips furnished by 3 sets of knives permits
of a better circulation of liquid than the mattress furnished by 2 sets of knives and a shredder.

Speed of rotation
The speed of rotation of a knife set varies from 400 to 720 r.p.m. The speed most frequently
used is 500 r.p.m. In South Africa? it varies from 500 to 700, with an average of 600 r.p.m.

The firm of Fletcher considers that the optimum speed lies between 500 and 600 r.p.m.,
and that higher speeds give scarcely any better results while, on the other hand, one or two
broken blades can put the set badly out of balance and cause more serious damage with
higher speeds.

In certain countries the speed has been pushed up as far as 1200 r.p.m. It may be con-
sidered that thiswould give very fine preparation, but at such speeds wear on the blades must
be very rapid, power consumed must be considerable and accidents would be more serious.

We recommend 500 r.p.m. for the first set and 600 r.p.m. for the second, while agreeing
that if, for the sake of uniformity, it is preferred to adopt the same speed for both, there
would be little disadvantage in doing so.

Power

General considerations. The average power absorbed by a set of knives depends on:
(1) The tonnage of cane
(2) The fibre in the cane
(3) The nature of the fibre, whether more or less resistant
(4) The proportion of cane actually cut - that is, on the clearance
(5) The number of blades.

(6) The speed of rotation
(7) The radius of the cutting circle
(8) Diverse variable factors: friction, lubrication, knives more or less worn.

These latter factors cannot be measured accurately and it is scarcely easier to take into ac-
count the first three factors, although they are measurable, since their influence is variable
and problematical. The number of blades in particular seems paradoxically to have little in-
fluence. Nicklin* in Australia cites a set of 70 blades which, in anal ogous conditions, consum-
ed less power per tonne of cane than another set with 36 blades. Consequently we shall be
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content with relating the power to the tonnage, which remains the most important factor.
While sometimes expressed in terms of t.c.h., it is only the fibre rate (t.f.h.) that is relevant.

More recently, Australian workerss have found a very marked difference between the
power necessary When the canes are delivered in pieces furnished by a chopper-harvester,
relative to the power normally required for whole canes. This difference is obviously more
marked for the first set of knives than for the second. They give the figures shown in Table
31

TABLE 3.1.

POWER CONSUMPTION OF KNIVES (QUEENSLAND)

Whole cane Chopped cane
Py PM by P PM Pi
st set 0.75 (1) 32 (4.2) 1.8 (2.4) 0.33(0.4) 075(1)  0.45(06)

2nd set 0.82(l.1) 3.3 (44) 1.9 (2.5) 045 (0.6) 12(1.6) 0.0 (0.9)

P,, = mean power absorbed, in kW/t.c.h. (in brackets, in h.p./t.c.h.)

P,, = maximum peak power, in kW/t.c.h. (h.p./t.c.h.)
p. = power to be installed, in kW/t.c.h. (h.p./t.c.h.).

This table is based on the principle that an electric motor can furnish for 15 seconds a
power equal to 1.7 times its nominal power.
Farrell, in 1971, gave figures for power as shown in Fig. 3.11 for electric motors to be in-
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stalled for driving knives at 600 r.p.m. The upper line in the graph is applicable for knives
of 20—-22 mm (¢ -7 in.) pitch at a setting of 25 mm (1 in.); the lower line for knives of
38-50 mm (15-2in.) pitch, set at 150-200 mm (6-8in.). If the knife set is driven by a
steam turbine, Farrell advises providing a turbine of nominal power 33% higher than that
indicated for the electric motor. He recommends a rotational speed of 3,600 r.p.m., with
6—1 reduction gear and power 50% above the indicated power requirements.

FarrelPs lower curve (for leveller knives) still remains appropriate for the present day; it
alows for motors as generally provided. However, techique has developed since 1971 and,
for shredding knives, has led to much higher power requirements.

A good example is given by South African practice. Table 3.2 gives the power installed
for knives in that country. The figures are in kW/t.f.h. and are derived from the mean of
22 tandems; extreme values are indicated in brackets. Power consumed is of the order of 60%
of the mean power installed.

TABLE 3.2

POWER INSTALLED FOR CANE-KNIVES, IN kW/t.f.h.

Method of operation Istknives  2nd knives  3rd knives
Operating as levellers 7 ( 3-15)
Levellers in reverse rotation 0(7-14
Working as shredder 20 (14-30) 20 (10-40) 12 ( 9-18)
Shredder in reverse rotation 24 (20-30) 40 (30-70) 16 (14- 19

Influence of clearance. We have sometimes found that factory employees have the impres-
sion that by diminishing the clearance by half, passing for example from 10 cm to 5 ¢cm, one
would double the necessary power. But, aswe havejust seen, the clearanceis concerned only
as it affects the depth by which the knives plunge into the layer of cane. If this depth is 0.65
m (2 ft.), aclearance of 0.15 m (6 in.) (h - r = 0.5 m) will require a power only 50% greater
than a clearance of 0.30 m (12 in.) (h - r = 0.35 m).

Effect of wear. In proportion as the blades become worn, the power consumption in-
creases. It has been found in Australiaé for knives which had been sharpened on Sunday,
an increase of 11 - 17% in power consumption between Monday and Friday.

Variations in power. It is necessary merely to stand alongside an electrically driven knife
sat furnished with an ammeter in order to see the continual and fierce variations in the power
consumption of such a set.

The mean value which we have given corresponds to the sum of instantaneous values rang-
ing from alittle more than half to more than double, according to the density of loading of
the portion of the carrier arriving at the knives. A bundle of parallel canes would cause the
circuit breaker to function if the crane were to deposit such a bundle directly into the carrier.

Automatic regulation of carrier speed. In order to avoid:
(@ The disadvantages of an excessive variation in rate of cane arriving at the knives
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(b) Irregularity in feeding of the mills

(c) Chokes at the knives and stoppages involved for clearing these
Most factories interpose a coupler of the ‘‘Heenan and Froude”’ type between the carrier and
its driving motor (¢f. p. 27) and actuate the coupler by means of one phase of the motor driv-
ing the first set of knives, for example. With this arrangement, the carrier slows down when
the knives are overloaded, and this allows more time to treat the heavily loaded pile of cane,
and evens out the distribution of the cut cane on the carrier. The overload on the second set
of knives is much lower and this in turn is evened out.

When two sets of knives are installed, it will be satisfactory to provide for each of these
an installed power equal to approximately £ of the preceding values.

However, many factories tend to install a second set of knives much more powerful than
the first, the power of the motors being for example in the proportion of 2 to 3. The total
power in such cases is not always designed to be different from the foregoing, and is main-
tained equal to double the value given above. Everything depends on the duty demanded of
each of these two sets; a very powerful second set can well recover or compensate for the
inadequate work of a first set which is old, slow or has only a small number of blades. The
opposite is sometimes seen, the major part of the work sought being obtained by the first set.

Drive to adjacent knife sets. The two sets of knives may be connected by a belt, provided
of course that the pulley sizes correspond to the respective speeds of the two motors. This
arrangement, which is logical, allows the two motors to assist each other when one or the
other is overloaded; at the same time it allows the total power provided for the two motors
to be reduced by perhaps 25%. It may be employed wherever the distance between the two
sets of knives permits. Both sets of knives in fact may be driven from a single motor directly
coupled to one set.

Such an installation thus provides great flexibility. The nominal power of the two motors
may well be reduced to 7.5 and 12 kW/t.f.h. (10 and 15 h.p./t.f.h.) respectively, with little
adverse affect on the results sought. To be able to drive the knives in this way, it is advisable
that, even with V-belt drives, the distance between the shafts of the two sets should not be
more than 4.25 m (14 ft.) or preferably 3.6 m (12 ft.). It is also recommended that the two
motors be of the same type and naturally of the same speed, otherwise the amount of slip
would be different. It is also recommended in Australia’ that the ratio of the power of the
first motor to that of the second should be between 0.8 and 1.0 if the load on the belt is to
be as low as possible.

Clearances for two knife sets
The case of two sets of knives is by far the commonest. The first set is then given a high
clearance and, for this role of leveller, knives of fairly high pitch are provided: generally 50
- mm (2 in.), with a small number of blades; it is driven at 500 r.p.m., sometimes 600.
The second set on the other hand is very close to the carrier, for example, with a clearance
of 50 mm (2 in.), more often 25 mm (1 in.) or even as low as 10 mm ¢} in.). It may be driven
at 500 r.p.m., more often at 600, sometimes a 750 r.p.m. It has a greater number of blades,
the pitch being as low as 25 mm (1 in.) and even 22 mm (3 in.).
The clearance adopted for the first set should be approximately one-quarter of the height
of the layer of cane.



46 CANE KNIVES Ch. 3

Bulk density of cane prepared by knives

The bulk density of cane after passing through two sets of knives is given by Kerr® as being
of the order of 480 kg/m? (30 Ib./cu.ft.); this value corresponds to an excellent degree of
preparation. In Reunion, it is only of the order of 320 kg/m? (20 1b./cu.ft.).

Ducasse knives
Among the interesting devices for cane preparation, Ducasse knives are worthy of mention
(Fig. 3.12). This equipment consists of a shaft carrying discs or bosses to which knife blades
are fixed, each by three bolts; this shaft is enclosed in a casing and rotates at 580 — 1000
r.p.m. The knife set is located at the top of the cane carrier and arranged so that the plane
of the conveyor bringing the cane (or chips of cane cut by a preceding leveller) is tangential
to the circle of cut of the blades. The direction of rotation of the assembly is such that the
blades pass upwards through the bed of cane on the carrier; they thus throw the cut pieces
toward the roof of the casing. They strike an inclined plate which is prolonged to a toothed
anvil set very close to the circle of cut, 35 mm (13in.) at entry, 10 mm (3 in.) a delivery.
The knives force the pieces through this narrow passage and are furnished with plates which
act as hammers and so add a shredding action to their cutting action. The inventor of this
equipment has called it achopper-fiberiser. Power installed is approximately 9 kW/t.f.h. (12
h.p./t.f.h.).

Ducasse has also developed a knife set in which the knives are mounted on stout pins, on
which they can oscillate freely about a vertical plane; thus they suffer much less damage due
to stones or other foreign bodies. This type of knife presents two advantages:

= WA

Fig. 3.12. Ducasse knives - operating principle.
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(@) The free oscillation permitted for the blades forms a valuable protection against the
effects of damage due to stones
(b) The size of the pins assures along life and much less wear than in the standard models.

Mechanical loading and stones

With the mechanisation of cane growing, the traditional hand cutting of cane has been
replaced in many countries by mechanical harvesting, and is progressively being replaced in
other countries. This development has led to the use of chopper-harvesters which cut the cane
into short sections which are transported to the factory by tipping trucks or trucks with other
types of mechanical unloading. This method of harvesting presents great risk of deterioration
of the chopped cane: the cane should go to the mills as rapidly as possible, preferably in 2- 6
hours after cutting, otherwise there will be considerable losses of sugar. The chopped cane
may contain tops and leaves but these do not include any hard material. Unfortunately, on
account of the costs of chopper-harvesters, introduction of mechanisation generally com=
prises an intermediate phase between manual and chopper-harvesting, which consists of plac-
ing the canes in piles on the ground and picking them up by conveyor-elevators or other
machines such as rakes or grabs. This method of harvesting presents the grave disadvantage
of sending to the factory, among such bundles of cane picked up, stones and sometimes rocks
of some 30-40 kg (70—-90 1b.) in weight (one factory in Hawaii has even thus picked up a
pig, somewhat mutilated, which was detected and taken out only seconds before the first set
of knives). These rocks, if not detected before passing to the knives, have a disastrous effect
on the latter: knives are damaged or broken, sometimes knife holders similarly, knife shafts
are bent, and the pieces of knives not removed on reaching the mills may damage the groov-
ing of the rollers.

It is therefore desirable, if possible, to avoid picking up stones with the cane, and the only
sure method of doing this is the careful and complete removal of stones in the field; and then
those which persist into the factory must be detected in time. One such method is to tip the
cane into a pit from which it is removed by an elevator, set at a steep slope, which feeds the
carrier. The Cameco organisation has adopted 28.5°; others use 35°, and our recommenda-
tion is 30°. Conveyor chains with hooks attached and spaced at about 60 cm (2 ft.) pick up
the cane from the pit, take it up the slope, and deliver it into the carrier. The stones, being
heavier, remain at the bottom, or roll or slide down the sope. The accumulated stones are
removed from the pit once or twice a day according to the quantity.

It is sometimes considered sufficient to use an ordinary lateral conveyor which drops the
cane onto a steel plate inclined at 40 or 45°, from which the cane falls onto the carrier. A
stone falling from the height of some 2 m (6 ft.) onto this plate produces a characteristic
bang: the conveyor and the carrier are then stopped and then the stone removed. For a more
positive arrangement, a microphone may be placed below the plate and connected to an
amplifier, so that above a certain sound intensity, an alarm is set off.

Without such precautions, factories working at the stage of pusher-loading of cane can
suffer a very unfortunate season; we may quote one case of 45 hours' stoppage due to this
cause only in the course of one season, with more than 200 blades broken and almost 100
bent.
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4. Tramp-lron Separators

Generaly, no strict account is kept of the number or weight of pieces of steel and cast iron
which pass through a mill in the course of a season.

The commonest objects are: pieces of knife-blades, sling-hooks, broken pieces of slings,
monkey wrenches, horse-shoes, bolts and nuts. Pieces of cast iron or specia sted are the
most dangerous. Sometimes, the engine-driver at the mills hears the noise made by the piece
of iron falling into the feed hopper, or the abnormal noise of the crusher or first mill. The
mill is then stopped, the foreign body found and removed.

Whether it is detected in time or not, but especialy in the latter case, such incidents are
expensive. In particular, when contemplating the destruction of a certain length of roller
grooving, one may estimate the loss suffered by calculating the value of 1.5 mm (&%in.) of
thickness or of a cubic centimetre of roller metal. The rollers are often turned down during
the slack season to restore their grooving, and in this operation several sixteenths in diameter
are lost - this loss being added to that due to normal wear. It is necessary to take deeper
cuts when the roller surface has been more severely damaged.

To avoid such damage and losses, efforts are made to eliminate the pieces of "tramp
iron". The amount of tramp iron may be reduced by taking precautions in the loading and
unloading of the cane, by insisting on strict tidiness at the cane platform, and by supervising
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Fig. 4.1. Suspended magnetic separator.
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the tightening of bolts at the carrier and the knives. But the best guarantee lies in the installa-
tion of a magnetic separator, generally known as a "tramp-iron separator”.

Description

Originally, magnetic separators took the form of electromagnets fixed on the bottom of the
feed chute to the first mill, or constructed in the form of a rotating cylinder projecting into
that chute. These devices had some disadvantages and were not effective.

The device now recommended consists of an electromagnet contained inside a rectangular
box suspended above the last cane conveyor before the entry to the first mill, and covering
the full width of the conveyor (Fig. 4.1). This is generally a rubber band conveyor and should
run at a minimum speed of 1.20 m/s (4 ft./s), preferably 2 m/s (6 ft./s); thus the pieces of
cane will form a thin layer less than 140 mm (55 in.) in thickness, preferably 50— 100 mm
(2-4 in.). It is advisable to arrange for the conveyor to pass closely over a supporting flat
plate, to avoid sagging of the conveyor. The box holding the magnet should be at most 400
mm (16 in.) above the surface of the conveyor, preferably 250— 300 mm (10— 12 in.).

This device consumes about 7 kW (9 h.p.) and has an efficiency of 80 —90%, nearly 100%
as far as large pieces of iron are concerned. We have known this type of separator to pick
up from the cane carrier a knife holder with its two blades, weighing 70 kg (155 1b.). It may
be reckoned that the magnetic separator avoids about 90% of the damage that would other-
wise be suffered by the roller surfaces.

Financial aspect

The magnetic separator is expensive, but consumes little power and gives efficient protection
to the rollers. It therefore pays for itself rapidly; it is a profitable and useful piece of equip-
ment.

It becomes all the more necessary: (a) with along train of mills; (b) when ahigher hydraulic
pressure is employed. Actually, much tramp iron passes undetected through the whole
tandem and so damages all the rollers. Further, the damage suffered by the rollers rapidly
becomes more serious with increasing pressure.



5. Crushers

OBJECT

The crusher is the first machine applying pressure which the cane encounters on arriving at
the milling plant. It consists of a mill, generaly of two rollers, which performs two main
functions: |

(@) It assures the feeding of the whole tandem

(b) It prepares the canein such away as to facilitate the grip of the rollers and the extrac-
tion of juice by the mills.

The characteristics of a crusher therefore are the following:

(1) It possesses a surface especially constructed to permit it to grip the cane or pieces of
cane which are fed to it, in the best conditions possible.

(2) Thissurface must at the same time be designed in such away as to break, tear up, and
crush the cane, in order to permit the mills to get to work immediately and effectively on
the broken-up material, which is already of the nature of bagasse rather than cane.

(3) It should have a peripheral speed superior to that of the mills which it has to feed, since
the material which is fed to it has not yet assumed the form of bagasse, and is still difficult
to grip. If it had the same speed as the miills, it would be handicapped in its attempt to supply
the quantity of material which they are capable of treating.

2-ROLLER CRUSHERS

Types
Many types of crushers have been designed and tried, but only two have achieved genera
importance. These were:

(a) The Krajewski (now of historical interest only; see first edition, pp. 38 —45)

(b) The Fulton.

The Fulton type is named after the firm which has predominantly contributed to its design
and wide use. It is the only type used at the present day.

The Fulton roller is realy a mill roller treated so as to serve in a crusher. It is a surface
of revolution, obtained by taking a serrated line, enclosed between two lines parallel to the
axis, and rotating this around the axis of the roller. Thus there is obtained circular grooving
of V form, separated by ridges or teeth of inverted V shape (Fig. 5.1).

Since a surface of revolution, even with grooving, is scarcely suitable for assuring a grip
on the cane, grooves are cut longitudinally in the form of chevrons which form a number
of notches in each tooth of the roller. The profile of these teeth is so chosen as to favour
the grip on the cane (Fig. 5.2).
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Fig. 5.1. Fulton crusher rollers (Fives Cail - Babcock).
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Fig. 5.2. Notches of Fulton roller. Fig. 5.3. Fulton grooves.

Since the Fulton grooves tend to become blocked with bagasse, it is general practice to fit
scrapers to the two rollers of this crusher.

Grooving

The angle of the grooves is about 35 - 55° (Fig. 5.3), often 45° with French firms. The pitch,
which here means the distance from one tooth to the next, varies from 38 to 100 mm (13 to
4 in.). The most frequent values are 50-75 mm (2-3 in.).

When the angle is 50°, the depth is slightly greater than the pitch. In practice, however,
the manufacturer does not finish the tooth profile at a point; it would be too fragile. He
finishes it with a small flat surface a a (Fig. 5.3) the width of which is approximately one-
tenth of the height of the tooth, without going lower than 1.5 mm (/& in.).

What pitch should be chosen? There are two trends: the first consists of proportioning the
pitch to the diameter of the roller. The rule could be suggested:

p = 0075D (5.1)
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D = mean diameter of the rollers
p = pitch of the grooves, in the same unit.

However, it is not practical to have a different pitch for every roller diameter, and the se-
cond trend is to proportion the teeth, not to the dimensions of the mill, but to those of the
cane, which are independent of the equipment. In this case, for the usual roller dimensions
of 660 X 1,220 mm to 1,065 X 2,134 mm (26 X 48 in. to 42 x 84 in.), grooving of 39 X
40 mm could be recommended, i.e. 39 mm in depth and 40 mm in pitch, or 44 x 45, 49 x
50, 60 x 60, or 80 x 81 (50° angle).

Chevrons. The helicoidal "chevron" grooves should have a maximum depth slightly less
than that of the teeth (Fig. 5.2). If these grooves were to be taken to the bottom of the cir-
cumferential grooving there would be some risk of the teeth of the scraper plates catching
in them and causing accidents.

However, we favour much shallower chevrons. The chevron in effect removes the tooth
for part of its length, sometimes almost half of it, thus reducing the pressure at the position
of the chevron and consequently reducing the efficiency of the crusher. The quantity of metal
lost is proportional to the square of the depth of the chevron; and it is mainly the point of
attack of the chevron (p in Fig. 5.2) which does the work and seizes the cane. A chevron 13
mm (4 in.) deep operates nearly as well as one of 25 mm (1 in.), particularly when it is new
and not worn. For this reason we recommend using chevrons the depth of which is no more
than half the height of the tooth. There will then be little loss of capacity, and extraction
will be much improved.

The pitch of the chevrons (distance from the end of one chevron to the end of the next,
measured circumferentially) is of the order of 20 cm (8 in.). Manufacturers often adopt the
rule of placing the point of one chevron on the longitudinal line joining the extremities of
theV formed by the preceding one. In these conditions, the pitch is proportional to the length
of the roller, for a given angle 8 of the chevrons with the longitudinal lines (Fig. 5.4). This
angle 8 is generally 18°. It varies according to the manufacturer from 16 to 25°.

The chevrons of the upper and lower rollers are generally arranged so that they cross in
the angle of the axial plane of the two cylinders, on the line of maximum pressure. An
observer located at the top of the cane carrier would see the chevrons of both rollers, upper
and lower, both orientated with their points upward (Fig. 5.5). In this case, only the chevrons
of the upper roller tend to push the cane towards the centre of the roller. Hence there is some
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Fig. 5.5. Chevrons point upwards (view from feed side).

Fig. 5.4. Arrangement of chevrons. Fig. 5.6. Chevrons in "ace of diamonds" (view from feed side).
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risk of pressure on the roller flanges. Also, certain manufacturers provide the lower roller
with chevrons arranged in the opposite sense; the same observer would see the chevrons of
the two rollers "in ace of diamonds’, i.e. forming lozenge-shapes (Fig. 5.6). In this case,
it is suggested that the rollers should mesh so that the chevrons of the one come in between
those of the other. This arrangement, however, presents no marked advantage compared
with the preceding one.

Inclination of the housing

The origina two-roll crushers were constructed with the axes of the two rollers in the same
vertical plane. It was then redlised that the feeding was better and the grip better when the
supports were inclined. At the present time, crushers are built with the axial plane inclined
at 60— 75° to the horizontal (Fig. 5.7).

The angle of 60° is still considerably greater than the axial plane of the top and feed rollers
of a mill, the inclination of which varies from 45 to 56°. The flow of juice on the feed side
of the bottom roller of a crusher is therefore not more difficult than in a mill. Since,
moreover, the inclination of the crusher facilitates feeding and the crusher is above al a
device for improving capacity and for cane preparation much more than for extracting juice,
we prefer the inclination of 60° to one of 75° or an intermediate value.

Diameter

The "diameter" of a roller of a Fulton crusher, or of a mill, is the mean diameter of the
roller, measured at the mid-point of the teeth. This diameter D is the arithmetic mean bet-
ween the diameter D, taken at the top of the teeth and the diameter D,,, taken at the bottom
of the grooves (Fig. 5.8):

D, + D
D = _M_“i.,,«,,ﬂ

Certain American firms give their crushers a diameter greater than that of their mills: for
example, crusher 940 x 2,135 mm (37 x 84 in.), ahead of mills of 915 x 2,135 mm (36 X
84 in.). This arrangement has the object of increasing the capacity and facilitating the feeding
of the crushers, in such a way as to increase the tonnage handled. But this object should be
achieved by adjusting the speed of the crusher, without breaking the uniformity of the
tandem.

m
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Dif. 5.7. Inclination of crusher frame. Fig. 58. Mean diameter.
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Sped
The crusher, having to accept a material less compact and more slippery than that which it
feeds to the mills, is handicapped compared with the latter as regards feeding. To overcome
this handicap, it is given a surface speed higher than that of the mills. The tonnage crushed
being nearly proportional to the speed, for the same setting between top and bottom rollers,
the difference between the speeds chosen should represent the handicap involved.

The peripheral speed generally adopted for the crusher is 25 - 50% greater than that of the
mills, most often 30 —40%. For a well-designed and well-regulated crusher, a difference in
speed of 30% should be sufficient.

Presure

We shall examine later (Chap. 10) the subject of hydraulic pressure. It will be sufficient to
state here that, in general, the total hydraulic pressure applied to ordinary two-roller crushers
is about 40 — 80% of the pressure applied to mills (assuming the same roller dimensions), in
most cases 50— 75%.

We must not overlook the fact that the crusher is primarily a device for feeding and
preparation, and not primarily one for extraction. If the mill is working comfortably, and
if the crusher easily takes the desired tonnage, thereis no disadvantage in loading the crusher;
the cane preparation and the extraction cannot but gain thereby. If, on the contrary, it is
necessary to push the mill to the maximum of its capacity, and if the crusher does not feed
well when heavily loaded, there is much to be gained by reducing its hydraulic loading to 50%
of that of the mills.

The procedure to adopt also depends greatly on the pressure adopted for the mills. If the
mean specific pressure at the mills (cf. p. 128) is high, that of the crusher may more readily
be reduced.

The specific hydraulic pressure (s.h.p., cf. p. 128) of a crusher should be at least 5 ton-
nes/dm? (45 tons/sq.ft.). A good value would lie between 8 and 12 tonnes/dm? (75 and 100
tons/sq.ft.). There is generally no advantage in exceeding 15 tonnes/dm? (140 tons/sq.ft.):
the crusher does not lift; it does not feed so well, and the preparation is not appreciably bet-
ter.

Lift

The crusher, receiving a material which is not yet crushed, and transforming it to a broken
material, is the pressure device which, for this reason, has to do most work of compression,
as regards extent of crushing. Further, being at the head of the tandem, it is not protected
by a preceding crushing device and is the first to receive foreign bodies, stones, lumps of
earth, and various objects, some of them vary hard and resistant. For these reasons, crushers
are designed with a greater margin of lift than are mills, of the order of 38 —63 mm (14 -2
in.) in general, shall we say with greater precision of the order of 6—7% of the roller
diameter. Fulton! has provided the crusher at Belle Glade with a maximum lift of 33 in. (95
mm), or 9.6% of the roller diameter.

Power -
We shall consider the power consumption of a crusher and the power to be provided for its
drive when discussing the power requirements of mills (cf. Chap. 14).
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Here and now, we may indicate that the power consumed by a crusher is about 75% of
that of a mill of the same roller dimensions and the same speed, and utilising the same total
hydraulic pressure. If the hydraulic pressure of the crusher is 70% of that of the mills which
follow it, and if its speed is 30% greater, the power consumed by the crusher will be (cf. p.
234):

0.75 x 0.70 X 1.3 = f =.2)

of the mean power absorbed by each of the following mills.
This proportion is easily remembered with the aid of the mnemonic: the power of crushers
is to that of mills in approximately the same proportion as the respective number of rollers.
Also, when comparing the power requirements of two tandems of mills, it islogical to take
~ into consideration the number of rollers in each of the two tandems. A tandem of 17 rollers
should take  of the power necessary for a tandem of 15 rollers of the same characteris-
tics.

VALUE OF 2-ROLLER CRUSHER

At onetime, it was not considered that atandem could be installed without a 2-rolier crusher.
The few tandems of 3-roller mills had al their mills similar, both in roller surface and roller
speed; they achieved a good extraction, but a crushing rate inferior to that of tandems with
acrusher. The situation changed completely when, after discarding the crusher, someone had
the idea of using the first mill in such a way as to replace it. We shall see that this idea suc-
ceeded very well and since then the 2-roller crusher has become an unprofitable and cumber-
some machine. It could not always be made to function properly; it lifted badly or not at
al, it sometimes used to feed badly, it lengthened unduly the cane carrier and the space taken
up by the tandem. We are strongly in favour of eliminating it and installing only 3-roller
units.

3-ROLLER CRUSHER

The name "3-roller crusher” or "mill-crusher" is used for a mill similar to others of the
tandem but placed at the head of the train, forming the first unit of application of pressure
and extraction of juice, and designed to perform the duty of a crusher. The differences
relative to the following mills are then:

(1) A speed greater than that of the mills situated immediately after it

(2) The roller surfaces are provided with deep grooving and with numerous gripping
chevrons.

Speed
The speed of the mill-crusher is made appreciably higher than that of the first mill. For a
factory following the Java school (speeds decreasing from the first to the last mill) it will be
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the highest-speed mill of the tandem. For a factory following the Hawaiian school (speeds
increasing), its speed will be of the order of that of one of the later mills of the tandem. The
following are two examples of the scale of speeds:

(1) Central Igualdad, in Puerto Rico. Tandem of 15 rollers (mill-crusher of 863 x 1,620
mm (34 x 60 in.) and other mills of 810 x 1,620 mm (32 x 60 in,), preceded by one set
of knives:

TABLE 5.1

CENTRAL IOUALDAD, SEQUENCE OF SPEEDS

\% n % last-mill
e s — (r.p.m.) speed
(m/min) (ft./min)
Mill-crusher 12.30 404 453 95
1st mill 11.10 36.4 435 86
2nd mill 11.70 384 458 91
3rd mill 12.30 404 482 %
4th mill 1290 423 5.05 100

V = peripheral speed of rollers; n = speed of rotation.

(2) Caymanas, in Jamaica. 15-roller tandem with three-roller crusher 635 x 1,220 mm (25
X 48 in.) and four mills 610 x 1,220 mm (24 x 48 in.), preceded by a set of knives:

TABLE 5.2

CAYMANAS, SEQUENCE OF SPEEDS

\/ n % last-mill

B (r.p.m.) speed

(m/min)  (ft./min)
Mill-crusher 9.18 30 461 82
1st mill 7.82 26 409 70
2nd mill 8.80 28.9 4.60 79
3rd mill 10.00 329 . 523 Q0
4th mill 11.15 366 5.83 100

With the Hawaiian practice, followed almost universally today, we support the idea of giv-
ing the mill-crusher a peripheral speed equal to that of the last mill of the tandem.

Hydraulic pressure

If the mill-crusher takes the feed well, it is advantageous to apply to it the same hydraulic
pressure as on the heaviest-loaded mills of the tandem. If it feeds badly, the pressure may
without serious disadvantage be reduced to 75% of the mean pressure used on the following
mills, but care should be taken to increase it again when feeding returns to normal.

Power
The mean power consumed by a mill-crusher is determined exactly as for an ordinary mill
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(cf. Chap. 14). The coefficient of the term allowing for the work of compressing the cane,
however, isincreased by 20 - 25% by reason of the substantial extra work required for break-
ing up a harder and more resistant material (fragments of rinds and nodes not yet disinte-
grated).

Use of 3-roller-crusher
A tandem without a crusher would be incomplete. Such would be, in particular, the case of
a tandem of 12 or 15 rollers, for example, in which the first unit was provided with rollers
running at the same speed and having the same grooving as those of the following unit.
On the other hand, if this first unit really forms a crusher, by the nature of its roller sur-
face, and its speed, we prefer it to have three rather than two rollers. Perhaps the capacity
would not show any great gain, but the following advantages may be confidently expected:
(1) Extraction definitely superior.
(2) Uniformity of al units of the tandem. For an electrically driven tandem, for example,
there would be no disadvantage in having all the motors identical.
(3) Head room required is much less. A tandem with ordinary crusher feeding the first mill
by gravity, as is usual, requires 2—3 m (7-9 ft.) extra height compared with a tandem all
units of which are of three rollers and placed at the same level.
(4) Length and space taken up by the carrier are much less. For an ordinary crusher, the car-
rier must ascend, at its slope of 30 — 60%, this extra height of 2 —3 m. This means some 6- 10
m (20— 30 ft.) extra length to be provided for the sloping portion of the carrier.
Moreover, the cost of a tandem of 12 rollers, including accessories, is not appreciably
greater than that of an 11-roller tandem; similarly, for 15 rollers compared with 14, and so
on.
Table 5.3 gives the results reported in Java for 1930, reduced to a standard roller size of
1,520 x 760 mm (60 X 30 in.).

TABLE 5.3

CAPACITY AND EXTRACTION OF MILLING TANDEMS IN JAVA

Number of Tandem Number of Capacity Extn, Lost juice
factories rollers (t.c.h.) % fibre
3 Crusher + 3 mills 1 31 935 48
26 4 mills 12 322 93.9 44
93 Crusher + 4 mills 14 4.7 94.6 39
15

15 5 mills 34 95.4 A

" The rather low relative capacity which will be noted for the 15-roller tandems arises from
the fact that in Java the mill-crushersin 1930 had not the speed nor the grooving which they
would have required to be real crushers. If it were possible to compare 14-roller tandems with
similar tandems of the same design, but of 15 rollers, and provided with true mill-crushers,
it would be seen that the difference in capacity would be reversed in favour of the 15-roller
trains.
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EXTRACTION OF A CRUSHER

The extraction obtained in a crusher is very variable: the crusher is a device for feeding and
preparation, and not for extraction. However, it is advantageous, for the total extraction of
the tandem, that it should extract as much as possible, sincethe lessjuiceit leavesin the cane
entering the first mill, the less will remain in the begasse leaving the last mill. The mills do
recover a very large proportion of the juice which the crusher leaves, but never al of it.

Table 5.4 gives the proportion of juice extracted by the various types of crusher, as a
percentage of sugar in cane:

TABLE 5.4

EXTRACTION WITH DIFFERENT TYPES OF CRUSHER

Crusher Extraction % absolute
juice

Krajewski (2 rollers) 40- 50

Fulton (2 rollers) 45 - 55

Double crusher (4 rollers) 60- 70

Mill-crusher (3rollers) 60-75

Fulton crusher followed by mill (5 rollers) 70 - 83

This table demonstrates the value of the mill-crusher. The figures are given with a large
margin, since they vary with diverse factors, and particularly with fibre in cane.

LARGE 3-ROLLER CRUSHER

In Australia, it is not uncommon to find tandems of 3-rotler units, in which the first mill
is larger than the following ones, not only in diameter, but aso in length of the rollers; for
example, a tandem of 5 mills, the first being 915 x 1,980 mm (36 x 78 in.) and the four
others each 846 x 1,830 mm (34 x 72 in.). This arrangement has the disadvantage of break-
ing the uniformity of the tandem, but this disadvantage is not very serious for the first mill
which normally should have different grooving and different speed. On the contrary, it per-
mits of maintaining peripheral rotational speeds of the same order throughout the length of
the tandem. We approve of this arrangement, which permits mills after the first to be used
to the maximum advantage.

Certain factories provide a large unit not only for the first mill, but also for the last mill.
This arrangement is also partly justified, but less so than the preceding one.

REFERENCES

1 Sugar Azucar, 59 (5) (1964) 68.



6. Shredders

OBJECT

The object of the shredder is to complete the preparation and disintegration of the cane, so
as to facilitate the extraction of juice by the mills.

LOCATION

The shredder is placed at the head of the tandem, after the knives and before the first mill.
At an earlier period, when crushers were more common, the shredder was sometimes placed
between the crusher and the first mill. This alowed it to work on cane aready deprived of
part of itsjuice, and with its fibres partly disintegrated. It thus consumed much less power
and functioned more smoothly and sweetly; but it does not then fit so readily into the equip-
ment: it breaks the continuity and symmetry of the milling train, and interrupts the supervi-
sion of it.

There was also a shredder incorporated with the crusher or the first mill. This was the Max-
well crusher-shredder, which was described and studied in the second edition (pp. 62— 65).
It is no longer of anything but historical interest.

The types most used at present (1981) are the Searby and Gruendler shredders. These
render excellent service, and we shall discuss their main characteristics; however, there is a
definite trend now to replace them by models devised on the same principle but more power-
ful, which will also be considered in detail.

FUNCTION OF THE SHREDDER

The shredder owes its existence and its value to the fact that the tissue of cane cells is very
resistant: simple crushing between rollers, even under very high pressure, is not sufficient to
break all the cells and extract the juice. On the other hand, if these cells can be torn open
and disintegrated, thejuice is liberated, becoming more accessible and more easily extracted.
To obtain such an effect it is necessary to rupture the tissues: this is achieved by forcing the
pieces of cane to pass through a very narrow space, thus blocking them on one side and strik-
ing them on the other side with a powerful blow; the hammer mill has been chosen with this
object.

The shredder thus consists of a rotor working at 500, 1,000 or 1,500 r.p.m., generally
1,000 - 1,200 r.p.m., carrying hammers which are pivoted on discs or plates; the end of the
hammer passes very close to an anvil plate which is formed either with a saw-toothed profile
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or of rectangular bars. The space or "clearance” between the anvil-bars and the path of the
rotating hammers is of the order of a few millimetres. It may vary for example from 25 mm
(1 in.) a the entry to the zone of operation to 10 mm (f in.) or even less at the delivery from
the anvil-bars.

Since the cane is composed of long fibres and pulp or pith carrying the juice, the material
leaving the shredder is amass of cell material or pith mixed with long thread-like fibres which
felt the material together and contribute to hold it together when it is subjected to the
pressure of the mill rollers.

The shredder thus fills a role which neither the knives nor the mills can fulfill. It establishes
a state of subdivision of the cane which greatly facilitates the work of the mills.

Extent of disintegration

The state of disintegration of the cane is expressed by the Displacability Index (D.I.), that
is, the percentage of pol in the open cells, or Index of Preparation' (1.P.), as calculated from
laboratory determination of pol obtainable by extraction in cold water, relative to the total
pol obtained by hot extraction, or by complete disintegration of the canein the cold. In South
Africathis proportion is expressed in brix instead of by pol: the values are thus fairly close,
the free pol being slightly higher than the free brix. We consider however that the determina-
tion of the L.P. should be made in pol rather than in brix, since it is only the pol extraction
in which we are interested (we would be very happy if our mills had a good extraction in pol
and alow extraction in brix) and because the extraction of successive millsin brix is, happily,
appreciably lower than their extraction of sucrose. After the knives we may have for example
65 or 70% I.P., that is, of open cells, after a conventional shredder, 78 —85%, and after a
heavy-duty shredder, 86-92%; exceptionally we may attain 94-95% (cf. p. 66). In
Australia, Bingera mill has found a very close correlation between the extraction of the first
pressure-fed mill and the percentage of open cells as expressed by the I.P.: e = 1.02 I.P.

The Index of Preparation is thus defined:

_ ol extracted by washing (cold) < 1
"~ pol extracted after disintegration

Extraction by washing is determined on samples of 500 g in 3.5 1 of water, with agitation
for 20 min. The mean of 6 determinations is taken. \

Extraction by disintegration is determined on similar samples (500 g in 3.5 1) disintegrated
for 10 minin a ‘“Varigrator” or other machine at a minimum of 7,000 r.p.m. The mean of
3 determinations is taken.

Hammers

The hammers are straight rectangular bars in silicon - manganese steel pivoted on round bars

(the arrangement generally known as a "swing-hammer pulveriser" in other industries).
The Searby shredder may have a large number of hammers (for example 144) each

weighing 4 kg (9 1b.). The Gruendler uses heavier hammers but fewer in number: for example

66 hammers measuring 325 X 110 x 40 mm (123 x 4} X 13in.) and weighing 10 kg (22.5

Ib.) each. The hammers of high-power shredders, of the Tongaat type, weigh 15-18 kg
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(35—401b.) and are arranged in 8 rows of 23 — 26, giving atotal of 184-210 hammers. In
South Africa heavy shredders are also built with 8 rows of 21, giving atotal of 168 hammers
of 19 or 20 kg (45 Ib.) each.

These hammers are tipped on the working face with specia steel applied by welding, which
lasts for a full season. Thus, in case of wear there is only one facing to be replaced, instead
of a full hammer in specia steel weighing several kilograms. It has been found, however, that
these facings are sometimes damaged or worn by shocks. Then it is a matter of re-welding
to renew the facing. Both faces of the hammer are re-welded <0 that it can be reversed. At
Tongaat for example the shredder has 8 rows of hammers; each week 2 rows are reversed
and 2 other rows are withdrawn for re-welding and replaced by arow which has been welded.
Thus the hammers work on each face for 2 weeks before being re-welded.

The re-welding is made by means of electrodes in special steel. The composition of two
such steels is as follows:

(@) Super-Safor60  (b) Safdur 800 E

C 3.6 % 5.0%
Cr 32.0 250
S 13 0.9
Mn 0.86 0.9
Mo - 50

Nb - 55

Super-Safor 60 is the same aloy as used for re-facing trashplates (cf. p. 226). It has a
Rockwell hardness of 63, a Brinell of 780 and requires 60 V for welding. The Safdur is even

more resistant to shocks.

Index of preparation and power usage

Experience has shown that the efficacy of preparation depends essentially on the power ex-
pended to obtain it. Research has been carried out in South Africato ascertain the correlation
between the 1.P. and the power expended. Results have been expressed in the formula:

I.LP.=63.7 wo® (1.P. = 85.5 wo»)

W = power expended for preparation, in kW/t.f.h. (h.p./t.f.h.). The coefficient of correla-
tion was found to be 0.66. This corresponds to the following values:



SEARBY-TYPE PULVERISER 63

W (kW/tf.h. P

784
834
86.5
88.8
90.6
9221
934
94.5

83885885s

A good I.P. can thus be obtained with 50 8¢ kW/t.f.h. (70— 11C h.p./t.f.h.).

SEARBY-TYPE PULVERISER

This is a swing-hammer pulveriser operating in a steel housing: the cane enters by a hopper
at the top, and leaves in a broken-up condition between anvil-bars placed at the lower part
of the housing at a small clearance from the circle described by the tips of the hammers (Fig.
6.1).

There are two principal makes of this type of shredder, which are very similar, and which
differ only in the hammers:

(@ The Searby shredder, installed mainly in Hawaii and in British territories (Fig. 6.1),
which has numerous hammers consisting of small rectangular bars

,:__noro;j PLATFORM L—

g ] \ /
| ANYIL BAR | /
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{EASILY REMOVEABLE u:' k!
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Fig. 6.1. Searby shredder (top casing removed (Smith — Mirrlees)
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(b) The Gruendler shredder, installed mostly in Louisiana, Florida and Puerto Rico,
which has a smaller number of heavier hammers (Fig. 6.2).

French shredders (Fig. 6.3) follow the Gruendler type.

Fletcher, in England, supplies shredders in 6 sizes:

1,520 x 3,215 mm (60 x126.5in.)
1680 x 3,375 mm (66 x 132.8in.)
1,830 x 3,525 mm (72 x 138.7 in.)
1,980 x 3,675 mm (78 x 144.7 in.)
2,290 x 3,825 mm (84 x 150.6 in.)

FIEN, .
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Fig. 6.2. Gruendler shredder.

Fig. 6.3. Fives Cai - Babcock shredder, with cover open.
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Gruendler offer numerous models for which they indicate the capacities:

1,220 mm (48 in.): 90— 120t.c.h.
1,370 mm (54 in.): 100-125t.c.h.
1,525 mm (60 in.): 135 -165t.c.h.
1,830 mm (72 in.): 145-200t.c.h.
1,980 mm (78 in.): 195-210t.c.h.
2,130 mm (84 in.): 270-325 t.c.h.
2,440 mm (96 in.): 325-370 t.c.h.

They recommend installed power as about 14 kW/t.f.h. (19 h.p./t.f.h.) and estimate power
consumed as about half that figure.

Power

In 1970 it was estimated that the shredders then used absorbed a power of 10— 12 kW/t.f.h.
(13-16 h.p/t.f.h.), and the motors or the drive were provided with a nominal power of
around 15 kW/t.f.h. (20 h.p./t.f.h.).

As for knives (cf. p. 42), it was stated that the number of hammers had only a small in-
fluence on the power consumed by a shredder. Nicklin? found the same power per tonne cane
per hour for two shredders one of which had 51, the other, 144 hammers.

However, Crawford® has made a study, certainly entirely theoretical, in which he gave the
power of the shredder as a function of the number and weight of the blades. He arrived at:

P =0l WRhn3N (y + 28) 9 (P = 516 WRhn3N (¢ + 28) 6 (6.1)

power absorbed by the shredder, in kW (h.p.)

weight of a hammer, in kg (1b.)

distance from shaft centre to pivot of the knives, in m (ft.)

number of knives

speed of rotation, in thousands of r.p.m.

angle swept by the knives between the first contact with the cane and entry to the anvil,
in radians

angle swept by the blades in passing over the anvil, in radians

angle by which the knife is moved backwards in its passage over the anvil, in radians.

Crawford estimates 1.5° (0.020 - 0.025 radian) for 0. ¥ depends on the design of the feed
to the shredder and varies according to the design from 1 radian to /2. d is of the order
of 7/2.

This formula gives a power in proportion to 0, an angle which is not known and which
can be measured only with a stroboscope, using expensive equipment. Furthermore, the for-
mula takes no account of the weight of fibre treated, which certainly plays a part. Also, and
contrary to Nicklin's comment, we state the power as a function of the work required:
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Searby-type shredders with light hammers (4 -6 kg) (9— 14 1b.):
10— 12kW/t.f.h. (13—-15 h.p./t.f.h.)



66 SHREDDERS ) Ch. 6

Gruendler-type shredders with medium hammers (7 — 10 kg) (15-22.5 1b.):
12-15 kW/t.f.h. (15-20 h.p./t.f.h.)

Tongaat-type shredders with heavy hammers (15 —20 kg) (35 —45 1b.):
40-50kW/t.f.h. (55—-65h.p./t.f.h.)

The latter types are heavy-duty equipment.

The combination of disintegrator and fiberiser is a very powerful and effective item of
preparation equipment, driven by turbines or motors totalling 130 kW/t.f.h. (175 h.p./
t.f.h.), and credited with an I.P. of 94-95; thiswill be discussed in the chapter on diffusion.

Walkers, in Australia, report that the power absorbed is much less when the feed enters
vertically than when the knifed cane is fed by a chute inclined at 60°.

Tongaat shredder
The Tongaat shredder (Fig. 6.8) has marked a date in the history of cane preparation, not
so much by the originality of its design as by the power which is applied to it. It marks a
stage in the amount of power agreed on to attain a high degree of preparation and a very
high Index of Preparation. Subsequent installations were inspired by the example of the first,
and this has contributed in great part to the high level of energy expended per tonne of cane
in recent sugar factories (cf. p. 1019). Driven by aturbine of 1,500 kW (2,000 h.p.) and run-
ningat 1,200r.p.m., with 188 hammersof 17 kg (38 ib.), the shredder has given an [.D. (Index
of Displacement, analogous to the Index of Preparation) of more than 91; this compares to
the I.D. of 76 —80 which was furnished previously by Gruendler and Searby shredders at
Tongaat, driven by a motor of 355 kW (475 h.p.). The installed power is thus 45 kW/t.f.h.
(60 h.p./t.f.h.).

Consequent on their slight swing, the hammers cover a thickness greater than that of the
bagasse layer. The anvil-plate can move aside by 150 mm (6 in.) to allow occasiona pieces

Fig. 6.4. Shredder at head of tandem.



SEARBY-TYPE PULVERISER 67

of metal to pass through; the hammers on their part retract by 150 mm (6 in.), 0 that these
pieces can find a passage of 300 mm (12 in.). The moment of inertia is 2060 m?/kg (4,890
sq. ft./1b.).

Wear is slight: after one million tonnes of cane, the anvil bars lose only 0.1 -0.4 mm
250— & IN.) on the side where they face the hammers.

Wear and lasting qualities

The main wearing parts are the hammers. For the Searby, the life of the hammers is reckoned
as about 90.000 tonnes of cane. For the Gruendler, the hammers, according to the makers,
would last for 400,000 tonnes of cane, provided they are overhauled and re-metalled every
40,000 tonnes; we have been able to verify from experience that the former figure is close
to actual performance, while the second has been considerably exceeded and could attain
200,000 tonnes.

Saving in power and extraction
The power consumed by the shredder is recovered in the mill, which is relieved of some of
its load.

On the other hand, the preparation is very complete: the cane is reduced to a veritable lint
and the gain obtained in extraction is very definite. In Hawaii, it is considered that the addi-
tion of a Searby improves the extraction of a tandem by

15
" N-8

%o ' (6.2)

€

e = improvement in extraction due to the shredder
N = number of rollers in the tandem.
eg. € = 25% for an 11-roller tandem (e.g. 92% increases to 94.5%)

1.25% for a 14-roller tandem

1 % for a 15-roller tandem.

It is seen that the shredder is more beneficial with a shorter tandem, which is readily
understood, since it presents the cane to the mills in a state which permits the mills to extract
the maximum of juice. In a long tandem, where the action of the successive mills of itself
produces a very complete disintegration, its relative effect is much less.

At the same time it must be kept in mind that, since the extraction improves as the number
of rollers increases, the addition of a shredder can only work on a decreasing difference
relative to 100%; when the extraction is 94, there is a remainder of 6% on which im-
provements can be effected, but when the extraction is 96, there is only a remainder of 4%,
and improvement on this is much more difficult.

Moor* proposes the application of this formulato the case of gain in extraction by replac-
ing a normal shredder by one of high power, and gives:

10.7
N - 38
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Fig. 6.6. Searby-type shredder (Fletcher and Stewart).
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which indicates a very high gain as a result of the simple change in power usage at the shred-
der.

Crawford® reports tests in Queensland, consisting of measuring juice extraction of a pilot
mill at three different speeds, first with cane prepared simply by knives, then with cane
prepared with the same knife set followed by a shredder. The extraction in weight of juice
in the three cases was higher by nearly two points for the shredded cane relative to the cane
prepared with knives only. At the limits of capacity attained in each case, the results were:

Roller speed Knives Knives and shredder
4.45 m/mir (14.6 ft./min} 74.9 76.6
89 m/min (29.2 ft./min) 725 74
13.6 m/min (445 ft./min) 69.1 71

These figures suggest that the extraction of sucrose would be improved by at least three
points by the use of the shredder.

Conclusion

The hammer mill is an interesting machine, giving a definite gain in extraction. To it, to a
great extent, the Hawaiian Islands owed the fine results obtained with their mills before they
had to adopt push-rake harvesting. The cost is fairly high, but is rapidly repaid.

* Fig. 6.7. Gruendler shredder (rotor).
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BULK DENSITY OF CANE PREPARED BY SHREDDER

Kerr® gives this density as being of the order of 400 kg/m® (25 Ib./cu.ft.). In Reunion, it is
only 250-275 kg/m? (16- 17 Ib./cu.ft.). In any case, it is thus lower than that furnished
by passage through the two sets of knives (cf. p. 46). Tests in Mauritius” have given
202 -253 kg/m3 (12.5 - 16 1b./cu.ft.), If the capacity of the following mills is increased by
the supplementary passage of the cane through the shredder, this will be due mainly to the
texture of the cane prepared by the shredder, characterised by long fibres and the consequent
coherence of the mass.

TOTAL POWER FOR CANE PREPARATION

We have seen that the total installed power for cane preparation may vary from 24 (32) to
approximately 60 kW/t.f.h. (80 h.p./t.f.h.) (average 40). Thisis divided into approximately
46% for the knives and 54% for the shredder. The power consumption is about 50 - 60%
of the installed power, or approximately 20 kW/t.f.h. (27 h.p./t.f.h.) for the knives and
15—-20(20-27) for the shredder.
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Fig. 6.8. Section view of a Tongaat shredder (Smith - Mirrlees).
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Fig. 6.9. Shredded cane (photc Gruendler)

The power consumed for good preparation is of the same order as the power consumption
in the millsthemselves. In South Africa, for example, the proportion is about 46 - 54 in terms
of nominal power; it varies from 38/62 to 56/44. In terms of power consumption, this pro-
portion approaches 40/60 (preparation/mills).

Finally, the shredder is particularly valuable from the financial point of view: it provides
substantial improvement in extraction, it constitutes protection against stones and tramp iron
which have escaped the magnetic separator, and it costs only one-third the cost of a mill and
returns sometimes much more. The Tongaat shredder has paid for itself in slightly more than
one season.

Two examples, both from Tongaat, are of interest. This factory has two extraction trains.
One consists of three sets of knives of 270, 520 and 300 kW (360, 700 and 400 h.p.). a shred-
der driven at 1,200 r.p.m. by a steam turbine of 895 kW (1,200 h.p.) and followed by 7 mills
of 965 x 2,134 mm (38 x 84 in.). This set handles 31 t.f.h.. and gives an [.P. of 91 and
an extraction of 97.48%. Unit B consists of 2 sets of knives of 670 and 375 kW (900 and
500 h.p.). ashredder driven at 1,20Gr.p.m. by a 1,50C kW (2,000 h.p.) turbine and followed
by a diffuser. It handles 25 t.f.h. and gives an 1.P. of 91 and 97.96% extraction.
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7. Combinations of Cane Preparators

We have just discussed the various types of equipment which are placed ahead of the mills
with the object of preparing the cane, so that the pressure applied at the mills will yield max-
imum extraction. What is the best combination which can be made of these devices, par-
ticularly in a new factory to be built, in order to obtain the best results without excessive ex-
penditure in investment, maintenance, or power comsumption?

We shall not discuss the crusher, which is no longer of interest. There remain the knives
and the shredder, or analogous disintegrators. We may try to be content with two sets of
knives. However, this simplification is indicated only on condition that the first set operates
at arelatively low clearance, say only a few decimetres above the carrier. Otherwise it is
necessary to go to three sets, with the first as a true leveller. If the last set can be arranged
to operate in the reverse direction, this would be an improvement. It should be driven by a
powerful motor 20— 30 kW/t.f.h. (30-40 h.p./t.f.h.) if running in the normal direction;
40-50 (55— 70) for inverse rotation).

The shredder is strongly recommended, and it is advisable not to stint the power provided;
allow 40-45 kW/t.f.h. (55-60 h.p./t.f.h.). It may be replaced, if desired, by a Ducasse
knife st or other effective device.

Anticipating somewhat the following chapters, we may suggest a first mill of dimensions
appreciably superior, in roller diameter and length, to those of the later mills; this should
be followed by four or five mills, al with grooving of 49 x 50 mm. If the first mill is effec-
tively larger than the others, its grooving could without any disadvantage be 60 x 60 mm.

The top and feed rollers would be provided with chevron grooving to the depth of half
that of the teeth. These mills would run at peripheral speeds of 15 m/min (50 ft./min) for
the first and 12— 15 m/min (40 - 50 ft./min) for the later mills. If the factory has a capacity
lower than 250 t.c.h. it would be sufficient to have five mills; a higher rates, it would be
of advantage to provide six mills, and for very high tonnages, seven mills. Such decisions,
however, depend on severa other economic and financial factors which demand a full study
of the price of sugar, costs of operation, etc. An alternative solution would be to provide
five mills, al with pressure feeders (total of 25 rollers).

In planning a five- or six-mill train, it is aways wise to alow space for the eventual installa-
tion of an additional mill.



8. Feeding of Mills and Conveying of Bagasse

The prepared cane which enters the crusher or the first mill, as well as the material which
leaves the latter and travels from mill to mill to the end of the tandem (which we shall call
in al cases bagasse), moves under the effects of three different forces:
(1) Gravity
(2) Gravity, restrained by sliding on an inclined plane
(3) A thrust, provided by an endless belt, a pusher or other mechanical device.

These three methods act on the material al the way from its entry to the millstill it leaves
the tandem.

FEED PLATE TO CRUSHER

The prepared cane arriving at the head of the carrier is fed to the crusher by a hopper, the
important part of which is the bottom plate.

Length. When the cane has not been passed through a shredder and when the second set
of knives is not set to a small clearance, there are always some whole sticks at the bottom
of the cane layer. The length of the feed plate should be greater than that of the largest pieces,
say approximately 2 m (7 ft.) in most cases.

Width. The cane carrier, the feed hopper and the crusher rollers should all be of the same
width (cf. p. 22).

Slope. The feed plate should have a slope of at least 45° (Fig. 8.1). Whole cane will slide
on a plate with a much smaller sope - 40°, and even 30° - but prepared cane slides much
less readily. In either case, it is advisable that the material in the feed hopper should exert
a pressure on the crusher equal to the greatest possible component of its weight.

Location. The line of the feed plate should, if produced, pass through the axis of the lower
roller of the crusher (Fig. 8.2). In countries such as Cuba, where capacities are forced to the
maximum, the line of the feed plate is placed somewhat to the feed side of this axis, as A4,
with the object of increasing the space a; but the canes on the feed plate then have some dif- .
ficulty in mounting from below to feed between the two rollers;, whereas, when the plane of
the feed plate passes through the axis, the plane of the canes lying along the feed plate makes
an angle of 90° or less with the surface of the roller, and the stalks then dide naturally
towards the opening of the crusher.
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Fig. 8.1. Feed plate to crusher. Fig. 8.2. Arrangement of feed plate to crusher.

Clearance from roller. The feed plate of the hopper should approach as close as possible
to the roller. A clearance of only 6.5 mm (§ in.) is left, the plate being cut with a serrated
edge to match the grooves.

FEED HOPPER BETWEEN CRUSHER AND FIRST MILL

At the top, the line of this feed plate should passthrough the axis of the lower roller of the
crusher (Fig. 8.3).

) -
Fig. 8.3. Arrangement of feed plate between crusher and first mill.

At top and bottom, the feed plate should have a clearance of 6.5 mm (§ in.) from the roller

surface. It should preferably be cut so as to match the roller grooving. Itsinclination g should

be about 50 - 55°. It should meet the bottom roller on the feed side of the vertical axia plane
of the roller, and at a distance from this plane equal to z of the roller diameter:

d=2 (.1

The feeding of the mill will be better with a longer chute. The length is generally made
1L.5-2m (5-7 ft.).

If, instead of allowing the feed to slide down an inclined plate as described, a vertical feed
chute is used or one very steeply inclined (cf. p. 87), feeding can only be better.
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INTERMEDIATE CARRIERS

The intermediate carriers are the conveyors which move the bagasse from one mill to the feed
of the next. There are three principal types:

(a) Drag conveyors, or rake conveyors

(b) Moving-band conveyors, apron or slat conveyors

(c) Fixed carriers, Meinecke type.

Fig. 8.4. Rake-type intermediate carrier.

(a) Drag conveyors (Fig. 8.4)
In these it is the lower run of the conveyor which is the active one. The conveyor is driven
from its top sprockets, which in turn are driven from the top roller.

The headsprockets and returnsprockets are now installed mounted on one rigid frame,
which is pivoted about the axis of the upper sprockets so that it can rise, if necessary, when
the layer of bagasse becomes thicker. This frame carries the runners for the upper strand of
the conveyor, and these will be fitted with a pad of hardwood to avoid shocks.

The chains are fitted with angle-irons carrying the teeth and forming the rakes. A special
corner-piece serves to attach them to the links of the chain (Fig. 8.5).
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Fig. 8.5. Attachment of angle-irons.
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The frame should be supported at its lowest position in such a way that the ends of the
tines of the rakes pass about 22 mm (4 in.) from the bottom plate of the carrier.

The thickness of bagasse layer entrapped is limited by the bottom plate of the carrier on
the one hand and by the free wing of the angle-iron on the other. The thickness of bagasse,
which fixes the lowest position, may be caculated by assuming that the bagasse blanket is
continuous, that it has the same speed as the conveyor, and that it contains 95 kg offibre
per m? (6 Ib./cu.ft.). The adoption of a weight of fibre per unit volume avoids the necessity
of considering the different specific weights of bagasses from different mills, which vary ac-
cording to the rate of imbibition, whereas the volume of these various bagasses is nearly cons-
tant and independent of the imbibition rate and of the number of the mill. On the other hand,
the value adopted, 95 kg/m3, indicates that allowance has been made for a certain compres-
sion exerted by the conveyor on the bagasse.

Advantages and disadvantages. Drag conveyors are simple, but wear quickly, because they
work in acid juice and bagasse. They contribute nothing to the feeding of the following mill.

Due to wear, they are subject to breakages of the angle-irons, or of the rake teeth. A
broken tooth generally escapes unnoticed into the bagasse, and passes through the following
mills, damaging the roller grooving. The acid bagasse, rubbing on the bottom plate of the
carrier, also corrodes it.

For these various reasons, it pays to make the roller bushes in phosphor-bronze, the pins
and links of the chains and the bottom plates in corrosion-resisting steel.

Location and arrangement. The angle of the feed plate to the following mill, which receives
the bagasse delivered by the rake conveyor, is not unimportant (Fig. 8.6). This angle should
be fairly steep in order to permit the bagasse to slide freely on the plate, but should not exceed
the value at which it would produce an "avalanche" of bagasse. Now the bagasse slides
above an angle of 40° or 45°, according to its moisture content, and it avalanches at an angle
of 55-60° (bagasse soaked with imbibition). The angle ft should therefore be about 50°,
preferably 52— 54°,

Fig. 86. Feed plate of an intermediate mill.

The gpace ¢ left between the feed plate and the feed roller should be as small as possible,
especidly in the later mills, to avoid dropping fine bagasse in front of the feed roller (Fig.
86). For this purpose, the feed plate should terminate in an adjustable plate held by three
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Fig. 8.7. Horizontal intermediate carrier (Ewart).

bolts, and cut to match the grooving. This precaution is not always necessary except for the
later mills.

Horizontal carriers. Certain manufacturers make the rake conveyor horizontal (Fig. 8.7),
with the bottom run tangential to the upper surface of the bottom rollers. This makes it
lighter and simpler; a useful feature, especialy when bottom rollers are to be removed.

Fig. 8.8. Slat-type intermediate carrier.

(b) Slat conveyors or apron conveyors (Fig. 8.8)
Here it is the upper part of the conveyor which carries the bagasse. The conveyor is driven
by the upper sprockets at the head of the conveyor, which in turn are driven from the feed
roller.

The carrier consists of a continuous apron, composed of overlapping steel slats, which are
able to move relative to each other (Fig. 8.9), as in the cane carrier.

Fig. 8.9. Slat conveyor (Fives Cail — Babcock).

The head of this type of carrier is adways provided with idlers in such a way that a portion
of the moving apron forms the feed plate of the following mill and so helps to push the
bagasse into the mill.
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Advantages and disadvantages. These dat conveyors have the disadvantage of being
heavier than the foregoing type. The slats carry, nipped between them, fragments of bagasse
which they drop between the mills, making the floor untidy if the plant is not provided with
a continuous juice tray. When the following mill has a tendency to choke, it often happens
that the dats become bent owing to the pressure exerted by the bagasse accumul ated between
the top roller and the part of the conveyor forming the feed hopper.

However, this system has the advantage of assisting feeding by virtue of the pressure of
the dlats against the bagasse in the feed hopper. This pressure is slight but not negligible,
especially when it is assisted by a feeding roller on the bagasse. Further, wear is less than in

the rake type.

Fig. 8.10. Feeding of mill with slat-type intermediate carrier.

Arrangement. The plane of the feed-hopper portion should be tangential to the feed roller

(Fig. 8.10). ‘
The horizontal distance d (Fig. 8.10) between the leading sprockets and the top roller of
the mill should be approximately equal to 3 of the roller diameter:

d = D/3 (82)

The plane ab should be as nearly as possible normal to the axial plane of the top and feed
rollers, so that the pressure exerted will not be partially lost by acting against the roller sur-
faces. This corresponds to an inclination equal to half the top angle of the mill (cf. p. 261),

or about 34-40°:

(8.3)

™
It
R

Inclination of the sloping portion. The rising portion of rake conveyors or apron carriers
is generally about 25°. However, in very compact tandems, it goes as high as 30°. When for
any reason the space available between the two mills is limited, it is possible!, with a rake
conveyor, to exceed this value substantially, and to go as high as 50° and even 60°. So that
the bagasse will not adhere to the rakes, it is of advantage to give the carrier, at its upper
extremity, an end portion at 30°; this is effected by means of two idler pulleys placed at the

point of change of slope.
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Speed. The linear speed of intermediate carriers should be higher than the peripheral speed
of the mill rollers. There is no disadvantage in exceeding these speeds, which are very low;
it permits the thickness of the bagasse layer to be reduced, and especialy gives the effect of
positive feeding sought in the apron carrier.

Maxwell? indicates a speed 50 - 70% higher than the peripheral speed of the mill rollers
for rake conveyors, and (p. 200) a speed equal to that of the rollers for apron carriers.
Tromp? advises a speed higher by 7 - 10% for apron carriers. Fives Lille compute about 10%
for apron conveyors, and up to 200% higher for carriers of the rake type. We have then:

Vv 1.5-3 V (rake carriers)

(8.4)

V = 1.1 V (apron carriers)

= linear speed of intermediate carriers

= peripheral speed of the mill rollers, in the same units.
When necessary, it is possible to push the speed of intermediate carriers' as high as 40 and
even 60 m/min (130 and 200 ft./min). These are abnormal speeds, not generally useful.

\Y
\Y

Power. The mean power consumption of the intermediate carriers is generaly scarcely a
matter of concern, since this power is furnished by the mill itself, and in a way forms an in-
tegral part of the power required to operate the mill. We shall consider it again later on under
this heading (Chap. 14).

Roughly, we may indicate as order of magnitude:

T = 0075 A (T=01A) (8.5)

T = mean power absorbed by an intermediate carrier, in KW (h.p.)
A = crushing rate, in t.c.h.
This power represents approximately 5% of the total power required for the mill.
Aswe shall see later, these two indications are given only to show typical values; the actual
power, as well as the relative power consumption, can vary very substantially above or below
these values.

Fig. 8.11. Fixed intermediate carrier (Meinecke).
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(c) Fixed carriers

These are typified by the Meinecke conveyor (Fig. 8.11). This is an ingenious system, which
avoids all moving mechanism: only the bagasse moves from one mill to the next. The bagasse
leaving the mill pushes up an inclined plane the bagasse which has already left the mill; when
it has attained a certain height along the ascending plane, it slides of its own accord down
a second plane sloping in the opposite direction.

The inclination of the rising portion is about 30° (27 - 35°), that of the descending portion
about 40°. Consequently, the highest point is well beyond the mid-point of the distance bet-
ween the two mills.

In order to force the bagasse leaving the mill to move as a blanket instead of accumulating
in a heap, it is enclosed between the scraper plates, which are placed close to the delivery
opening forming a dihedral angle of about 10°; these are prolonged far enough for the fric-
tion on their surfaces to compress the bagasse and give it a certain cohesion, thus permitting
it to mount the inclined portion of the chute as a solid blanket without breaking.

Advantages and disadvantages. From the point of view of cost, wear and maintenance,
this system would obviously be al that could be desired. Unfortunately, it lends itself badly
to:

(1) The feeding of the following mill, which has to grip the bagasse without assistance:
we have seen with rake carriers that a feed-plate angle of 50° is necessary for proper feeding.
However, this is not provided, as it would necessitate too long a rising portion.

(2 The use of imbibition, and this is much more serious. If imbibition is added as usual
at the delivery of the mill (this would be possible with a nozzle inside the scraper plates), it
would not be possible to move the bagasse with the added weight of the liquid. If it is applied
at any point of the descending portion, the bagasse blanket is broken, and the distribution
of imbibition is defective. In addition, many people are opposed to the idea of imbibition
applied close to the following mill, considering that it is less effective than if applied as the
bagasse leaves the preceding mill.

Though the latter argument has little foundation, the difficulties described as regards
feeding, and particularly that of the proper application of sufficient imbibition, have
prevented the extension of this system, though it is otherwise very interesting. Moreover, it
isapplicable only in very compact tandems, in which the mills are very close to one another.

In Cuba, at central Punta Alegre, Gonzalez?! has arranged to avoid these disadvantages
and to obtain complete satisfaction from Meinecke intermediate carriers, by adopting the
following arrangements:

(@ Slope of the rising portion 27 - 30°

(b) Slope of the descending portion 43 — 45°

(©) The angle at the top of the conveyor between the two branches was replaced by an arc
of acircle of radius 0.47D (D = diameter of mill rollers) or (in the case quoted) exactly 457
mm (18 in.), the centre of the arc being at 2.84 D from the axial vertical plane of the top roller
of the preceding mill, and 2.21 D from the vertical plane of the top roller of the following
mill. The mills were thus at 5.05.D between their axes. The bagasse layer then cracked at the
summit without actually breaking. Imbibition was added above the summit point by a spray,
under a pressure of 3.5 kg/cm? (50 p.s.i.). ‘
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Feeding of the mill was effected by a feeding roller below the bagasse, of diameter 0.47 D.
with 12 ribs each 19 mm (5 in.) square and rotating at v' = 1.36 v (v = peripheral speed
of the mill rollers) and tangential to the plane of the descending portion.

Setting of the Meinecke scrapers. Gonzalez recommends that the entry opening between
the scrapers should be:

1st mill: 5.5¢,

2nd mill: 6.5 ¢,

3rd mill: 7.0 e, _ : ,
ath mill: 7.5 e, (e, = delivery work opening of the mill)
5th mill: 80 ¢,

6th mill: 85 ¢,

The opening at the parallel portion following the tapered section should be 1.23 times the
entry opening.

Belt-type carriers
The cost of chains and slats of apron-type carriers has suggested the idea of replacing them

by a simple rubber belt, as in belt conveyors (Fig. 8.12). The belt simply passes over two
drums, an upper driving drum and a lower return drum. The assembly thus becomes very
light and may be driven by a small electric motor and reduction gear situated close to, and
sometimes even inside, the upper drum. A flexible scraper, placed above the feed roller and
at the top of the return run of the conveyor, removes the pieces of bagasse which stick to
the belt due to the imbibition.

These belt carriers form a modern and economical solution. Initial cost is no higher than

Fig. 8.12. Belt-type intermediate carrier.
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for other types, and upkeep cost is much lower. The belt hardly wears at all. provided that
it runs true and does not rub on the edges. To ensure this, it is necessary to set the two drums
strictly parallel, to maintain the belt well centred by a very slight convexity of the upper drum
and, above all, to take all precautions to avoid access of bagasse, even bagasse powder, bet-
ween the belt and the drums. With this object, it is necessary to provide a belt wider than
the length of the rollers by approximately 10 cm (4 in.) on each side, and to support it on
the sides of the upper run by a number of small rollers slightly inclined towards the middle
of the belt, also to provide a flexible rubber strip to prevent loss of bagasse between the side
plates of the carrier and the belt. It is necessary also to block on both sides the free space
between the upper and lower runs of the belt, by means of a plate extending from one drum
to the other.

The maximum slope of a rubber belt conveyor is 27° (51%); it should preferably be
24 —-25°. The belt is generally 5-ply. with a layer of 1 mm on the underside and 2 mm above.

High-speed carriers

As soon as the belt had rendered the carrier so light, flexible and manageable, it was indicated
that it could be run faster. Maxime Riviere, in Reunion, has exploited this idea thoroughly
and put into operation a high-speed intermediate carrier. His main objective was to reduce
the bagasse on the carrier to a layer so thin that the imbibition could contact all the bagasse
in transit. With ordinary intermediate carriers, it is difficult to distribute the imbibition over
all the bagasse in a uniform manner, since the surface layer absorbs most of it at the expense
of the bulk of the material. To accentuate the advantage, Riviere added a distributor-
thrower, acting on the bagasse as it left two Meinecke scrapers, and throwing it onto the belt
in a uniform layer (Fig. 8.13). The belt runs at a speed of approximately 8 —2C times the

Fig. 8.13. Riviere-type high-speed-belt intermediate carrier.

peripheral speed of the rollers, generally 75 — 140 m/min (250-450 ft./min). Under these
conditions, the bagasse is spread in alayer approximately 13 —25mm (3 -1 in.) in thickness,
and the belt may be seen through the layer. An imbibition trough distributes the water or
the juice on a plate of the Maxwell type, assuring a continuous sheet of liquid across the full
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AT

Fig. 8.14. Bagasse layer on high-speed carrier feeding a Donnelly chute

width of the carrier. None of the devices for distribution over a thick layer (cf. p. 93) gives
such a regular distribution of the imbibition (Fig. 8.14).

The motor driving the belt is of about 2.5 —3.5 kW (3 -5 h.p.). that for the distributor-
thrower 4.5 -6 kW (6 — & h.p.). The latter should have a diameter at the bottom of the teeth
of about half the roller diameter, and a number of teeth of about 100115 per m (30 - 35
per ft.) of width. These can be distributed over 12 rows around the small roller which carries
them. It should rotate at 300-400 r.p.m.

We have not ascertained that, in the range indicated, the belt speed has a perceptible effect
on the extraction: 120 m/min (400 ft./min) shows no difference relative to 60 m/min (200
ft./min). although the bagasse layer should theoretically be half the thickness in the former
case. We also consider that there is no advantage in going to a very high speed, and that a
good belt speed is that which throws the bagasse just into the feed opening of the mill. This
condition appears favourable to feeding the mill, and should be preferred to a high belt speed
which throws.the bagasse against the top roller.

This good regular feeding is one of the favourable characteristics of the high-speed carrier.
Although its original purpose was the optimal distribution of the imbibition, the benefit to
be obtained from this should not be overemphasised: actually, an even distribution of the
imbibition is always effected in the nip of the two front rollers, the excess liquid from the
wet portion being expressed by the pressure and rapidly absorbed by the dry portion. For
this reason, an excellent distribution of imbibition on the carrier is not really valuable except
for low imbibition rates, for which the automatic correction in the mill is insufficient. We
know that some factories in South Africa, using heavy imbibition, have tried to Riviere car-
rier and have abandoned it, as not improving their extraction. However, we are in favour
of the system: it assures good use of imbibition, assures very effective feeding and is not ex-
pensive either in initial cost or in upkeep.
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The high-speed intermediate carrier can be adapted very well for use with an underfeed
roller (cf. p. 92). The latter is then useful only in the case of an overload, but the
combination proves effective if the two systems are well regulated (conveyor speed and ad-
justment of the underfeed roller).

One-piece intermediate carriers. The intermediate carrier obstructs access to the mill, and
must be removed every time rollers have to be removed or changed. To save labour and loss
of time, it is made today in such a manner that it can be raised vertically in one piece by
thetravelling crane, the side plates forming one assembly with the carrier proper. Hooks fix-
ed a the four extremities of the side plates allow the carrier to be lifted bodily by means of
two slings. This is an improvement leading to a saving of valuable time, which is very
necessary.

DELIVERY PLATE AT LAST MILL

The relatively dry bagasse from the last mill, which does not receive inbibition, slides more
easily than wet bagasse. However, even on a smooth surface such as steel polished by fric-
tion, or waxed wood, it still requires a sope of 38-40° to dlide freely. It is wise to allow
40° in general, and not to go lower than 45° on an inclined plane of any length, to avoid
the risk that bagasse accidentally wetter than normal may refuse to slide.

These values are obviously valid also for the feed chutes to boiler furnaces.

FEEDING ARRANGEMENTS

Mill feed by gravity

We should have no illusions on the feeding effect due to the pressure generated by a slat con-
veyor. This action is very feeble and it is sufficient, to demonstrate this, to interpose one's
hand in the layer of bagasse carried by the conveyor.

Gravity feed, that is, the feeding effected with the aid of a simple chute (Figs. 8.4 and 8.6)
inthe mill hopper which follows a rake conveyor, does not give any direct "push”; the com-
ponent of bagasse weight parallel to the feed plates acts to a great extent against the surface
of the feed roller (Fig. 8.6). This feeding force, however, is not lost; on account of the fric-
tion of the bagasse, it produces a corresponding adhesion of the bagasse to the feed roller,
and hence a feeding force which, while being indirect, is no less effective.

In standard rake carriers (Fig. 8.6) this effect is not superior to the pressure given by dat
conveyors (Figs. 8.8 and 8.10), but it is possible to increase it substantially.

We shall calculate the pressure in kg/dm? (Ib, per sq.ft.) which is exerted at the bottom
of the feed chute on a section perpendicular to the plane of the feed plate. It has a value (Fig.
8.15).

F = P (sin B - b¢'COS B) (8 6)
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= weight of bagasse, in kg (lb.)

= coefficient of friction of the bagasse on the feed plate
= area of the section considered, in dm? (sg.ft.)

angle of inclination of the feed plate.

We have:

=)
®
S
B

p LEzd _

width of rollers, in dm (ft.)
thickness of the bagasse layer, in dm (ft.)
length of the feed plate, in dm (ft.)
apparent density of the bagasse, in kg/dm? (Ib./cu.ft.):

d is of the order of 0.40 (25) for the first mill (without compaction), but can vary from
0.30 to 0.60 (20 to 40) (0.60 with compaction?), and may be taken in the other mills as ap-
proximately equal to:

d = om0~ + \) (- 6(.{{7 1)) ©9)

moisture per unit of bagasse
imbibition per unit of fibre (cf. p. 90).

Hence d = say approximately 0.30— 0.40 (20— 25), according to the quantity of imbibi-
tion.

The coefficient of friction ¢ depends on the bagasse and on the degree of polish of the

QNMmE
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Fig. 8.15. Gravity feed. Fig. 8.16. Donnelly chute.
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feed plate. We may take in general ¢ = 0.25-0.30 (the values given on p. 9 apply to
grooved rollers and not to smooth plates).

To be more precise, the bagasse density increases with increasing vertical height of the ac-
cumulated bagasse. We shall be content here with the mean values given above.

We have then:

F=2d(sin (@3- ¢cos0) (8.9)

Giving d and ¢ the mean values, we obtain Table 8.1.

We see from this table the great value of long chutes and steep angles, where these are prac-
ticable. At Monymusk® the feed plate of the first mill is 6.5 m (21 ft.) long with a slope of
53°. At Pioneer (Australia) the first mill has a 3-m (10-ft.) chute at 65°, the fourth mill a
chute of4.25 m (14 ft.) at 60°, the third mill 3.35 m (11 ft.) at 90° (vertical). Donnelly chutes
are now generaly 3—4 m (10— 16 ft.), and vertical.

TABLE 8.1

VALUE IN kg/dm? OF THE COMPONENT OF GRAVITY FEED AS A FUNCTION OF THE LENGTH Z AND THE INCLINATION 0 OF
THE FEED PLATE (d = 04 kg/dm?; 0 = 0.30)

Z (m) & = 50° 0 = 60° 0= 10° g = 80° 0 = 90°
1 21 2.6 31 3.4 37
2 4.2 52 6.2 6.8 74
3 6.3 7.8 9.2 102 108
4 8.4 104 120 136 146
5 105 130 153 168 183

Feed hopper. With a feed plate Sope greater than 55°, it becomes essential to add a front
plate CD as the bagasse tumbles forward above this value (Fig. 8.16).

With gravity feed chutes, a feed hopper ABCD will therefore be adopted, the bottom plate
AB of which will meet the feed roller at a point B situated 30° before the vertical axial plane;
the plane of the front plate CD will meet the top roller at a point E situated on the horizontal
axia plane of that roller. The thickness E of the hopper will vary slightly then with normal
values of the angle 8 (55 - 90°). It should be of the order of 0.40 - 0.75 of the roller diameter,
according to their peripheral speed v: 040 for v = 14 m/min (46 ft./min), 0.75 for v = 10
m/min (33 ft./min) (Donnelly$).

Van Hengel’ considers that these values are too high and suggests reducing them to: E -
(11 or 12) e, for afirst or second mill and 8 e 4 for a final mill, where e, is the delivery
opening of the mill while operating. However, in his calculation he does not take into account
either the dip or the coefficient of drag of a column of bagasse on the surface of the roller.
Now even if there is no dip, the roller does not pick up the bagasse at its surface speed v
(or v cos a if the bagasse column comes into contact with the roller surface at an angle a
ahead of the vertical diameter) except for the surface layer in contact with it. The speed of
movement v ' of the bagasse layer as a whole can be only a fraction of v, often: v' = 0.6
v cos a (being moved by one surface only) or 0.8 v cos a when gripped between the top roller
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and the feed roller. Thus we would recommend, while following Van Hengel's reasoning, the
adoption of the following:

Mill Value of the thickness E of the feed hopper

(or space between top roller and feeding
roller)
Hopper without With
feed roller feed roller
1st or 2nd mill 16 e, 14 e,
Final mill 12¢, 10 e,

provided that these values do not exceed those proposed by Donnelly.

Munro® cites the case of Isis Factory in Australia which had obtained an excellent result
by adopting a chute at 80° slope, the cross-section of which, where it met the rollers, was
5 dm? per unit (kg/m?) (2.6 sg.ft. per Ib./sq.ft.) of fibre loading.

To obtain the desired value of E, the position of point B will be adjusted, as this may vary
slightly from that indicated.

If 3 is less than 60°, we may take for B the point situated at (90° - 8) ahead of the vertical
axia plane of the feed roller.

The total pressure of the bagasse on the feed roller is equal to the product of the pressure
Fand the appropriate area; the latter is the area of roller surface in contact with the bagasse,
projected on a plane perpendicular to AB.

We consider that the best angle 3 would be in the neighbourhood of 80°. An angle of 90°
would obviously be the ideal, if it could be arranged without difficulty from the point of view
of supporting the feed chute.

Since D represents the lower edge of the front plate of the feed hopper, the distance DE
can without disadvantage be 0.3 m (1 ft.). This allows an observer to see the bagasse and
to gauge the compactness of the mass a the bottom of the feed chute.

The feed hopper should widen out slightly towards the bottom, that is, the front plate CD
" “should have a slope 3’ about 1° less than the slope 8 of the plate AB. This avoids any
resistance and tendency to arching; it renders negligible the friction on the front plate, and
permits the component of the feeding force to reach its maximum value.

The coefficient of friction ¢’ of bagasse on the feed roller is greater than ¢, since the sur-
face of the roller is designed to give the best grip possible, with its grooving and with a
suitable grain of the metal. We may take in general, for grooved rollers, ¢ ' = 0.30 (polished
metal) to 0.40 (rough surface).

High tonnages and feeding roller. The foregoing arrangements (Fig. 8.16) sometimes prove
insufficient in tandems working at maximum capacity; the feed hopper becomes too narrow.
Weindicate in Fig. 8.17 another arrangement corresponding to the maximum width permissi-
ble for the feed hopper. It consists of locating the plates of the hopper to meet the top roller
at a point E and the feeding roller at a point F, given by the figure.
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Fig. 8.17. Location of feeding roller with Donnelly chute.

We shall consider the case of the feeding roller, since it is very useful at such maximum
tonnages. The bottom plate AF may be arranged as already indicated, and the feeding roller
then set s0 as to give the angle «' such that

a' =135° - 03 + €)
B = dope of the plate AF (8.10)
f = angle OwZ = angle of Owwith the horizontal.

The upper plate CE will meet the roller at E, a point chosen such that the angle a = wOE
is defined by:

oS a = 5(1 + %) (8.12)

space between feeding roller and top roller
roller diameter.

a
D

Conclusion. When the space between mills permits, and when it is possible to install a feed
plate at least 2 m (6 ft.) in length, gravity can provide a very positive and effective feeding
force, superior to that obtained with most of the standard feeding devices such as pushers
or feeding rollers.

Itisparticularly indicated for afirst mill, whereit is easier to install a high chute. The chute
should then not be interrupted by a magnetic separator, which in this case should be located
elsewhere.

With the later mills, it is al the more attractive with high imbibition. The feeding compo-
nent is proportional to the density d, which increases with imbibition (cf. egn. (8.8)). With
animbibition of X = 2, it is aready more than double the density of bagasse without imbibi-
tion.
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Establishment of egn. (8.8). The apparent density of bagasse at 45% moisture, in a layer
of 0.3 m (1 ft.) or thereabouts, is of the order of 0.180 kg/dm3 (11 Ib./cu.ft.). Now 1 dm?3
(1 cu.ft.) of this bagasse contains:

180 x 045 = 80 g of water (11 x 0.45 = 5 Ib. of water)

and slightly less than:
180 - 80 = 100 g of fibre (11 - 5 = 6 lb. of fibre)

As the volume of bagasse varies but little with its moisture (in fact, under a thick layer,
its volume decreases slightly when its moisture increases, on account of the compaction of
the lower layers under the increasing weight of the upper layers), we shall assume that the
weight per dm? (cu.ft.) is represented by 100 g (6 ib.) of fibre, to which is added the weight
of contained water.

Consequently, if we designate by:

h = moisture of the bagasse, in weight of water per unit weight of wet bagasse, before im-
bibition,
W = weight of water per unit weight of dry fibre in the bagasse after imbibition,
h' = moisture of the bagasse after imbibition,
X = ratio of weight of imbibition water (or juice) to weight of fibre (cf. p. 285).
[ = weight of fibre per unit of cane = fibre in cane,
F = weight of fibre per unit bagasse = fibre content of bagasse before imbibition,
B = weight of bagasse per unit of cane, before imbibition:
Neglecting materials in solution in the juice, we have:

h !

W=9

Considering for the moment the weight relative to unit of cane, the weight of imbibition
water will be \f and the weight of water in the bagasse, after imbibition:

an + Wy =t + )\j-r,f( i +>\)
F 1 —h

After imbibition, the moisture of the bagasse becomes:

, |
f(\l—“ﬁ”) _h+d-h)

W= h T 1+ AN - h
f+f(l—h+)\) .

The apparent density of the bagasse, after imbibition, is then:



FEEDING ARRANGEMENTS 91

+
- 8.8)

(d=6(1+ W)=6(l+1f,h,)=n~6—+=6(l~—_l—~z+)\))

/ B \ Nan
d=010(1+ W=o0101] + "] = - o.lop(-1

"Dirty" top roller
It is current practice in Queensland to allow the grooves of the top roller to fill with bagasse.
For thisit is necessary to use a smooth scraper plate, instead of one meshing with the grooves,

and to st this plate so that it has a clearance of approximately 6.5 mm (; in.) from the top
of the roller teeth.

Generally this in itself is not sufficient. It is necessary that the top roller should have
grooves with an angle of 32-35°, and that the metal surface should be sufficiently rough.
This latter condition is obtained in Queensland by spotting the top and sides of the teeth by
means of a carbon electrode, an operation described as "arcing" or "spotting”. The elec-
trode generally used is ‘‘Azucar 80".

The dirty top roller, as it is called, grips the bagasse better. Moreover, the Australians
(Donnelly®) consider that the bagasse in the grooves prevents the flowback of juice at the bot-
tom of the top roller grooves, to form a pool of juice in front of the top roller. Observation
shows in any case that operation with the dirty top roller arrests this undesirable
phenomenon. If a groove refuses to fill with bagasse, it permits ajet of juice to issue on the
entry side of the mill, an effect which again supports clearly the Australian thesis. They con-
sider equally that the packed bagasse also prevents the passage of juice on the delivery side,
aphenomenon much more difficult to observe, but much more serious since the juice is thus
reabsorbed by the bagasse leaving the mill. Donnelly has obtained at Pioneer, with a dirty
roller, moistures of the order of 42% at the last mill, sometimes as low as 39%, and this
strongly supports his point of view.

The first claim above is definite; the second seems to us entirely probable. It is supported
by the fact that the upper layer of bagasse leaving the mill always has a moisture higher than
the average moisture of the whole bagasse, as has been often verified.

When operating with a dirty top roller, it is necessary for calculating the setting to take
into account the volume occupied by the bagasse within the grooves, and in consequence to
consider the top roller as equivalent to a smooth roller of the diameter at the top of the
ridges.

However, if devices are in use for measuring or registering the lift of the top roller, this
approximation is much too rough to give a valid correction of the values indicated or
registered: the dirty top roller does not permit of an accurate estimate of the thickness of
the bagasse filling its grooves, since this is too uncertain and too variable.

Effect of imbibition on mill feeding

Bagasse saturated with imbibition is less easily gripped by the millsthan isdry bagasse. Hence
it is @ common tendency of the men operating the mills to reduce the imbibition when dif-
ficulties are experienced with feeding or with mill chokes; the control of imbibition should
not be left in their hands, since this expedient is generally disastrous from the financial point
of view, and they should not resort to it but seek out the cause of the feeding trouble.
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On the other hand, bagasse saturated with hot water is more difficult to feed than that
saturated with cold water. If both types of water are available, certain feeding troubles may
be overcome, particularly at the last mill, by changing from hot to cold water, without
diminishing the quantity of imbibition.

Mechanical feeding devices

Chokes are the nightmare of engineers in charge of mills. When a mill is working near its
maximum capacity, a small fault is often sufficient to provoke troubles: hydraulic plunger
sluggish, or sticking; trashplate too high, trashplate too low; toe of trashplate worn, the teeth
a bad fit in the grooves of the front roller; insufficient space for the passage of juice behind
the heel of the trashplate; poor settings of feed and delivery openings of the mill; wear of
oneroller, or of the three rollers; major variations of fibre in cane, etc., etc. The multiplicity
of possible causes complicates the task of locating the exact cause of the trouble, and
sometimes several weeks may pass before the trouble can be effectively remedied.

On the other hand, without being able to blame any item of plant, it is sometimes impossi-
ble to apply the desired imbibition in a mill working a high capacity. Consequently,
engineers are turning more and more to forced feeding. The latter consists of using a specia
apparatus to force the bagasse to enter the mill. Such equipment is generally of rotary type,
and termed feeding roller.

Rotary feeders

(@) Roller on the bagasse. This is the device most widely used with intermediate carriers
of dat type; it is located above the feed plate and driven from the top roller of the mill,
sometimes through an intermediate shaft near the head of the carrier (Fig. 8.18). The best
system is one where its shaft and the two radius rods which connect it to the driving shaft
form a rigid framework which can oscillate about the centre line of the drive shaft, which
is placed sufficiently high for the roller to be easily lifted by an increase in the thickness of
the bagasse layer. In thisway it rests on the bagasse, which it compresses slightly while lifting
if the bagasse layer becomes thicker. The surface of the feeding roller is grooved longitudinal-
ly, or fitted with small angle-pieces. Its external diameter is generally smaller than that of
the mill rollers and equal to two-thirds, three-quarters or four-fifths of the latter. The

“sprockets driving it should be calculated so that its peripheral speed v' is greater than that
of the mill rollers. v:

v/ =11-17v (8.12)

In the case of an apron carrier, this speed v’ should be equal to that of the carrier (cf.
eqgn. (8.4)). Thefeed roller above the bagasse, though popular for some time, is now general-
ly abandoned in favour of the following:

(b) Under-feedroller. Here the feeding rollers arelocated below the bagasse layer (Fig. 8.19).
These are given a diameter approximately one-third to two-thirds that of the mill rollers. It
is of advantage to make the diameter of this magnitude, as the surface of contact and the
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Fig. 8.18. Feeding roller above the bagasse. Fig. 8.19. Feeding roller below the bagasse.

grip of the roller, and hence the compaction effect on the bagasse, are improved accordingly.
This effect can be improved by providing the roller with grooving, for example of 10— 13
mm (3 -3 in.) pitch.

It is sometimes provided with a small trashplate connecting it to the feed roller; however,
this is sometimes not easily adjusted, and may be omitted, thus permitting the roller to be
st closer to the feed roller of the mill. The feeding roller will be arranged for a peripheral
speed v dlightly higher than that of the mill rollers, v:

v' =108 - 1.10 v (8.13)

The setting ¢ should be as small as possible as long as the bagasse does not overflow above
the top roller. With good mill settings, this condition is obtained when ¢ = about 6 times
the delivery opening e, of the mill while operating*® (¢f. p. 139). If this delivery operating,
for example, is 25 mm (1 in.), the clearance between mean diameters of the feeding roller
and the top roller would be approximately 15 cm (6 in.).

Van Hengel' givesc = 7 e for a first mill, dropping to ¢ = 5 e, for alast mill.

To permit of adjustment, the manufacturer designs the equipment to permit of a horizon-
tal displacement of the roller of about 12.5-15 cm (5-6in.) (C'-C"’’).

The clearance allowed between the feeding roller and the feed roller of the mill is generally
5 mm (3 in.). It should be as small as possible. The firm of Cail insist that the centre line
of the feeding roller should be as low as possible relative to that of the top roller of the mill,
and state that feeding would become defective if it were above that of the mill roller.

A properly set under-feed roller often permits of a reduction in ratio of setting of front
and back rollers. This ratio for example may be reduced from 2 to 1.8. Other things being
equal, such reduction always means an improvement in extraction.

Power. The feeding roller requires 2.5-7.5 kW (3-9 h.p.), generally 5 kW (6 h.p.).
Gain in capacity. The system improves the capacity of the mill by 10—-20%. Any mill

working at high capacity or near its limit should be fitted with an under-feed roller, which
Is more effective than the roller above the bagasse.
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Continuous pressure feeder

This device, developed in Australia by the Colonial Sugar Refining Company, is widely used
in Australia and South Africa. It was developed as a means of overcoming the feeding dif-
ficulties experienced with fine bagasse and hot maceration. It consists (Fig. 8.20) of a pair

Fig. 8.20. Pressure feeder.

of rollers ahead of the mill, with an enclosed chute, diverging slightly, which gives the
bagasse a positive movement from these rollers to the feed opening of the mill. The pressure
feeder is driven by the mill engine, generally by means of an additional spur wheel and tail
bar. The feeder rolls extract a high proportion of thin juice, thus reducing the excess moisture
in the sloppy feed, and presenting the mill rollers with a comparatively dry feed supplied
under pressure. The action of the feeder is continuous and uniform, unlike the intermittent
action of pushers. It is much more forceful than the slight compression exerted by ordinary
feeding rollers. Thus it gives a definite improvement in crushing rate or in lower moisture
content of bagasse, or both. Hollywood!? reports an increase in crushing rate from 77.1 to
81.1 t.c.h. (about 5%) with a decrease in final bagasse moisture from 49.6 to 46.0%, where
.. pushers were replaced by a pressure feeder on the final mill. It is considered in Australia that
the pressure feeder is the only device enabling high capacity to be maintained with heavy im-
bibition. '

Pressure feeders are generally installed at the last mill, sometimes on intermediate mills and
even on the first mill. One installation in Australia'? has given a first bagasse moisture below
52,

1. Diameter. The roller diameter varies from 60 to 100% of the diameter of the mill
rollers, being generally about 80% of that figure.

2. Surface. The surface of these rollers may be smooth, but preferably grooved; it may
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be provided with chevrons. Both upper and lower rollers are furnished with Messchaert
grooves (cf. p. 107).

3. Arrangement. The axial plane of the two rollers is generally at 45° to the horizontal.
The centre line of the enclosed feed chute between pressure feeder rollers and mill is as closely
as possible normal to the axial plane of these rollers and to that of. the upper and feed rollers
of the mill.

This chute islined on the inside with a sheet of stainless steel, in order to reduce the friction
of the bagasse and to facilitate its movement, while reducing power requirements and wear.
The pressure developed in this chute is of the order of 0.07 —0.10 kg/cm? (1 - 15 1b./sq.in.)
but may sometimes attain 1.0 kg/cm? (15 Ib./sq.in.). The entry end of the chute should be
located on a generatrix of the rollers a 15—20° from their axial plane.

The upper and lower plates should diverge by at least 3.5°, or essentially 7%'4. Murry and
Shann'# recommend 1 : 16 or 6.25%.

Fig. 8.21. Pressure feeder (Fletcher and Stewart).
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The chute should meet the top and delivery rollers on a generatrix, making an angle not
greater than 40° with their axial plane.

The compaction coefficient at the discharge end of the chute, i.e. at the entry to the mill,
should be at least 80— 95 or preferably 130~ 145 kg fibre/m® (5—6 or 8-9 Ib./cu.ft.). It
has almost the same value at the entry to the chute. We may take for example:

Coefficient of compaction

Entry Discharge Entry Discharge
1 m?ll 104 kg/m?3 9% kg/m? 65 Ib./cu.ft. 6.0 Ib./cu.ft.
2nd mill 112 kg/m? 104 kg/m?3 7.0 Ib./cu.ft. 6.5 Ib./cu.ft.
3rd mill 120 kg/m? 112 kg/m?3 7.5 Ib./cu.ft. 7.0 lb./cu.ft.
4th mill 128kg/m?® 120 kg/m? 80 Ib./cu.ft. 7.5 Ib./cu.ft.

5th mill 136 kg/m? 128 kg/m? 85 Ib./cu.ft. 8.0 Ib./cu.ft.

It is recommended'#s that coarse grooving should be used on both rollers, for example,
50-mm (2-in.) pitch and with an angle of 34-35°.

4. Speed. The speed of the rollers must bear a fixed ratio to that of the mill rollers. This
is easily arranged, since they are driven by a train of gears from the same prime mover as
the mill.

Normally, these rollers are given a peripheral speed of 1.5 times that of the mill rollers.
In Australia'® this ratio varies from 1.3 to 1.7.

5. Setting. Donnelly® recommends that the opening between pressure feeder rollers should
be set S0 as to give a generated volume (generally known as "escribed volume™) of 1.5 times
that of the feed and top rollers of the mill. If the mill has a ratio of settings (when operating)
of 2, this will then give an overall ratio of 3 between the pressure feeder and the delivery
opening of the mill (we may comment that, if the roller speed is 1.5 times that of the mill,
the pressure feeder opening will be equal to the feed opening of the mill). With this setting,
Donnelly has recorded bagasse moistures of 41.4% as an average, sometimes as low as
39.8%.

The moisture of the bagasse in the pressure chute should be 3 per unit of fibre, according
to Crawford!é, who recommends a pressure feeder setting such that the volume escribed by
the rollers will be given by:

V = 3.8 Af (V = 136 Af) (8.14)

= escribed volume of the pressure feeder rollers, in m*/h (cu.ft./h)

weight of cane treated, in t.c.h.

= fibre content per unit of cane.

The object (or result) of the pressure feed rollers is thus to increase the compaction coeffi-
cient (cf. egn. (10.20)) from the 80-95 kg/m? (5-6 Ib./cu.ft.) of a Donnelly chute to a
higher figure in the pressure feed chute, increasing progressively from about 95 (6) for a first
mill to 120, 130, 145 and even 160 (7.5, 8, 9, 10) for a final mill.??

V
4
r
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This corresponds to a weight of fibre per unit escribed volume ("fibre index") of 265
kg/m3 (16.5 Ib./cu.ft.) for the pressure feeder, with approximately 450 (28) at the feed open-
ing of the mill, and 880 (55) for the delivery opening.

In any case, the ratios of escribed volume of 1.5 and 3 as recommended by Donnelly should
not exceed maximum values of 2 and 4 respectively, or there will be a risk of breakage of
the pressure chute. The present trend is even to reduce these two ratios to 1.3 -1.4 and
1.7 - 1.8espectively.

6. Power consumption. Pressure feeders demand a fairly high power, which Scriven!?
estimates at 35 -45 kW (40-60 h.p.} foramill of 1 x 2 m (36 x 72 in.).

7. Relative power consumption by pressure feeders and mill. Tests at Sezela® in South
Africa give the following results:
Torque consumed by feeding rollers:

5 of total torque (rollers plus mill) in first mill
13 of total torque (rollers plus mill) in fifth mill

The power developed was:

105 kW (140 h.p.) for feed rollers and 516 kW (690 h.p.) for the first mill
25 kW ( 335 h.p.) for feed rollers and 291 kW (390 h.p.) for the fifth mill

8. Application. Pressure feeders are expensive and are often difficult to fit into the
tandem, but they give an improvement in capacity and extraction, particularly where it is
desired to use high imbibition a high temperatures. It -should be mentioned, however, that
in South Africa'8 their results have sometimes been disappointing. On the other hand, the
popularity of this method of feeding in Australia is such that there is practically no mill in
that country without pressure feeders. Such a result can only speak strongly in its favour.
The mean extraction of Australian mill tandems is slightly inferior to that of South African
tandems, but it is obtained with an appreciably smaller number of mills per tandem (4 -6
as against 6 - 7).

Following Walkers and Fletcher2¢, Smith and Mirrlees have fabricated in cooperation with
Huletts some 6-roller mills designed to reduce the moisture of diffusion megasse from 85%
to 48% (performance guaranteed).

9. Imbibition. The pol percent of the juice from the pressure feed rollers is appreciably
lower than the pol of residual juice in the bagasse from the preceding mill. Under these condi-
tions, it is of interest to use the pressure feeder juice as imbibition of the bagasse from the
preceding mill (Fig. 8.22), and to use the imbibition normally used at that point, at a point
further back in the train.2s
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Fig. 8.22. Pressure feeder. Imbibition circuit.

BAGASSE CONVEYORS

The bagasse leaving the last mill should be elevated for distribution to the boiler furnaces.
It is picked up by a bagasse elevator, which drops it onto a horizontal conveyor; this
distributes it along the length of the boiler station to the furnaces (Fig. 8.23). If the last mill
and the bagasse loft are nearly in a straight line, the same conveyor can serve at the same
time as elevator and conveyor (Fig. 8.24). These conveyors are generally of the scraper type.
When they are not aso acting as distributors, they can well be of belt type.

For apparent density of the bagasse transported one can take 160 kg/m?® (10 Ib./cu.ft.).

Speed. They are generally driven at a speed equal to two or three times the peripheral speed
of the last mill, or about 20— 30 m/min (60— 100 ft./min).

71
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Fig. 8.23. Bagasse elevator.
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Fig. 8.24. Single conveyor for elevating and distributing bagasse.

In South Africa?s a speed of 30-36 m/min (100-120 ft./min) is recommended for

scraper conveyors and 90 m/min (295 ft./min) for belt conveyors, but this can reach 140
m/min (460 ft./min).

Belt conveyors can operate at 25° slope, 223° being recommended. For scraper conveyors,
50° is appropriate.
Width. For transport on rubber conveyors, the following values are recommended:
25— 50 t/h of bagasse: 6 t/h per 100 mm width (18 t/h per ft.)
50-100 t/h of bagasse: 7 t/h per 100 mm width (21 t/h per ft.)
100 t/h of bagasse: 8 t/h per 100 mm width (24 t/h per ft.)

For scraper conveyors:
6.5 t/h per 100 mm (20 t/h per ft.)
For scraper conveyors, the cost is higher than that for belt conveyors by aratio of 1.5 or 2.0.

Power. For a factory of average size, an average figure may be taken of 1 kW for every
5m total length of bagasse conveyor (i.e. about twice the actual length of the carrier = upper
run + lower run) (1 h.p. for every 20 ft.).

COEFFICIENT OF FRICTION FOR CANE AND BAGASSE

Tests carried out in Queensland to determine this coefficient have given'®:

Polished metal Unpolished metal
Cast iron 0.40 0.44-0.50
Steel 0.38 0.40-0.50
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This coefficient2¢ depends mainly on the grooving. The influence of moisture is less than
would be supposed. The grooving, however, is more effective with lower moistures and with
higher pressures.

Fineness of preparation has a slight favourable influence.

The coefficient of friction increases at first with pressure, passes through a maximum for
a rather low pressure, then decreases in proportion as the pressure increases.

It decreases uniformly with speed, and Australian tests have led to the suggested formula:

¢ = 043 - 0.007 v (¢ = 043 - 0.002 v) (8.15)
¢ = coefficient of friction of the cane or bagasse on the metal
v = peripheral speed of the roller, in m/min (ft./min).
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9. Roller Grooving

OBJECT

Originally, mill rollers were smooth. However, the capacity of a mill with smooth rollers is
much less than that of a mill of the same dimensions and the same speed, but with grooved
rollers. Further, the grooved rollers break up the bagasse more completely, and thus facilitate
the extraction of the juice by the following mills.

Hence, ungrooved rollers are no longer made.

CIRCUMFERENTIAL GROOVES

The universal type of grooving is the circumferential groove. It is formed by grooving the
roller with notches describing complete circles, in planes perpendicular to its axis. These are
distributed regularly over the length of the roller, and a longitudinal section thus gives a ser-
rated outline (Fig. 9.1).

The section of these grooves forms an isosceles triangle with an apical angle of about
55-60°. To avoid leaving sharp and fragile edges, the exterior point of the triangles is cut
off, in such away as to form alanding or flat of width equal to about  of the pitch. In the
same way, a landing of the same width is left at the bottom of the groove (Fig. 9.2).

Toproller

Bottom roller

Fig. 9.1. Circumferential grooving. Fig. 9.2. Detail of grooves.

The grooving is specified by its depth A and its pitch p. It is described by these two figures,
quoted in the order given: "grooving of 10 x 13 mm", for example, which means: grooving
of 10 mm (3 in.) deep and 13 mm (4 in.) pitch. The pitch is the distance which separates the
axes of two successive teeth. The depth, or height, is the distance from the top to the bottom
of the teeth, measured perpendicular to the axis of the roller.

The grooving of the three rollers of a mill is arranged in such a way that the teeth of the
top roller mesh with the grooves of the two bottom rollers.
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Dimensions of grooving
Many different sizes of grooving are used. They are distinguished by the angle of the groove
and by the pitch and depth.

The angles most often used are 45°, 50° and 55°. When it is desired to run the rollers
without cleaning the bagasse from them (cf. p. 106) the angle may be as low as 30 or 35°.
French manufacturers have adopted 50°.

The most frequent dimensions are:

(& Angle of 50°; pitch of 25, 30, 40, 45, 50, 60 and 80 mm (1 -3 in.). The depth is thus
approximately equal to the pitch: 225 x 25, 28 x 30, 39 x 40, 44 x 45, 49 x 50, 60 x
60 and 81.5 x 80 mm. Thus we often speak of 40 x 40 instead of 39 x 40, for example.
The pitches of 60 or 80 mm (2 and 3§ in.) are in general reserved for first mill-crushers.

(b) Angle of 55°; 20 x 26, 40 x 52 mm (1 and 2 in.). Final mills were often of smaller
pitch than the earlier mills in the train. For example:

First mill grooving: 38 X 50 mm (15 x 2 in.)
Second mill: 20 x 26 mm(3x 1in)
Third and following: 10 x 13 mm ( f x 5 in.)

The extraction was considered better with mills of fine grooving. Grooving even of 5 x 6.5
mm (| X 3§ in.) pitch has been used in Hawaii. However, it is difficult to verify the assertion
of better extraction, and the present trend is to reduce the number of different groovings in
a tandem, s0 as to require a smaller number of spare rollers and give improved inter-
changeability. Thus a single grooving is generally adopted at least from the second to the

final mill.

Fig. 9.3. Fig. 9.4.

Mid-plane

Fig. 9.5. Fig. O.6.

Fig. 9.3-9.6. Meshing of rollers with grooving of multiple dimensions.
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Meshing of rollers with grooving of multiple dimensions
Unfortunately, the meshing of a roller with one having grooves of double the pitch is not
as simple as might be imagined.

Let us consider rollers of two different pitches, one coarse (20 x 26 mm, for example)
and one fine (10 x 13 mm, for example). ,
(7) If, in the bottom roller B, with coarse grooving, a tooth occurs in the median plane
it will be necessary that the top roller T,,with fine grooving, should have a groove in the
median plane (Fig. 9.3). The roller T: then must have an even number of teeth, since there
must be the same number on each side of the median plane, which is a plane of symmetry.
Consequently, a bottom roller B, with fine grooving, which could mesh with the roller Tf,
cannot mesh with a top roller 7, corresponding to B, (Fig. 9.4); on the contrary, the teeth

will come exactly opposite each other.

(2) If, in the bottom roller B. with coarse grooving, a groove comes in the median plane,
it will be seen (Fig. 9.5) that it will still be necessary for a groove to fall in the median plane
of Tf, and that the rollers B- and T, corresponding respectively to 7. and B, still will not
mesh (Fig. 9.6).

In other words, for any roller, and especialy for a bottom roller of coarse grooving B,,
considerations of symmetry require that the median plane will pass either through a ridge
(Fig. 9.3), or through a groove (Fig. 9.5). In both cases, as may be seen from the figures,
the roller of fine grooving T,meshing with B, should have a groove in the middle; al the
ridges of 7. will then correspond with the middle of the flank of the grooves of B..

Hence the rules:

Rule 1. In order that a top roller of fine grooving should mesh with a bottom roller of
double pitch, it is necessary that the top roller of fine pitch have a groove in its median plane,
and consequently an even number of teeth. (Conversely, the condition that a top roller with
coarse grooving should mesh with bottom rollers of half its pitch is that the top roller with
fine grooving corresponding to the latter should have a tooth at its mid-plane, and conse-
quently an odd number of teeth.)

Rule 2. To alow two rollers to mesh when one has a pitch double that of the other, it is
necessary to choose from two solutions which are incompatible with each other:

(@) Tyshould mesh with B, (and then T, will not mesh with By or

(b) T, should mesh with B.(and then Tf will not mesh with B,).

The advantages and disadvantages are strictly symmetrical. From the point of view of
replacing rollers, for example, and if, normally, rollers of the same grooving are used in the
same mill:

(@) If Tymeshes with B: (b) If 7, meshes with By:
T. may be replaced by Tf 7. may not be replaced by T,
B. may not be replaced by Bf B. may be replaced by B*
Tf may not be replaced by fc Tf may be replaced by 7.
B,may be replaced by B, Bymay not be replaced by B,.
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We shall see, however (p. 105), that combination (a) of Fig. 9.3 is the only interesting one,
as combination (b) is never met with in the sugar factory. Accordingly, it is preferable that
Tshould mesh with B... In other words, the grooving should always be arranged so that the
top rollers have a groove in the middle, i.e. have an even number of teeth.

If necessary, the sets of rollers having the coarsest grooving of the tandem could be an ex-
ception to this rule (since there will be no rollers of double pitch with which they would have
to mesh). But, not knowing what may be done in the future, one would always be wiser to
apply the rule just enunciated to all the rollers of the tandem.

Mid-plane

MWWWVWWW
rJ\\//\\A/V\/V\N/\\/A\A/\W

Fig. 9.7. Universal rollers.

Universal rollers
Rollers termed "universal" are aso manufactured which may be used equally well as top or
bottom rollers (Fig. 9.7).

With these, the idea of symmetry relative to the median plane is abandoned. Their groov-
ing is devised in such a manner that it is the middle of the flank of a tooth which falls in
the midplane of the roller. Consequently, atop roller becomes a bottom roller, or vice versa,
by simple reversal end for end. This system is favoured in Argentina. It offers the advantage
that, if necessary, one roller is sufficient for replacement and provision for breakdowns. But
it has the disadvantages that:

(7) It is useful only for the chosen dimension of grooving. If, for example, it is 20 x 26
mm (3 x 1 in.), the grooving of 10 x 13 mm (3 x 7in.) which would mesh with the 20 x
26 mm universal roller would be a symmetrical grooving (as may be readily seen from Fig.
9.3) with an odd number of teeth, and so would not be able to mesh with a smaller grooving
of 5 x 65 mm (% X 3 in.). A grooving of 40 x 52 mm (1} x 2 in.) meshing with the 20 x
26 mm universal grooving would be entirely unsymmetrical; the median plane would pass
one-quarter of the way down the side of a tooth. It would be necessary then to abandon the
idea of interchangeability of the 20 x 26 mm and the 40 x 52 mm grooving. Alternatively,
the universal grooving could be applied to the 40 x 52 mm, and it would then be necessary
to abandon interchangeability of 20 x 26 and 10 x 13 mm. We lose in interchangeability
the advantage gained by the universal roller in its own grooving.
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(2) In order to profit from the advantage offered, it is necessary to construct the roller
with the shaft the same at each end, so that the free end carries a pinion landing and a
squared end, the same as the driving end. Such a roller is more expensive and is awkward
in appearance.

This disadvantage is less marked if rollers with alternate pinions are employed (cf. p. 167).

(3) In case of a breakdown, it may be necessary to change the pinion - an operation long
and sometimes difficult, and liable to cause delay.

The universal roller is not attractive and is applicable only to tandems utilising only one
pitch of grooving in a given mill; the advantage applies only to the one pitch.

Variation of grooving along the tandem
The size of the grooves generally decreased from the first to the last mill. There are two prin-
cipa reasons for this:

(7) The bagasse becomes finer and finer as it proceeds from the crusher to the last mill.
It was logical to proportion the grooving to the size of the bagasse particles which it was
designed to handle.

(2 One of the objects of grooving is to break up the bagasse to facilitate the extraction
of juice. It is in the early mills, therefore, that the greatest disintegrating effect must be
sought (hence the coarsest grooving), in order that the later mills should profit from it.

This variation in grooving along the tandem has the disadvantage of leading to rollers of
different surfaces, a disadvantage which is tempered by the adoption of grooving with one
pitch a multiple of the others. In this way certain rollers may, in emergency, be replaced by
others of double or half the pitch, as we have just seen.

To avoid breaking the uniformity of the tandem, certain factories, in Cuba, Queensland
and Egypt for example, tended to adopt a standard grooving by continuing through to the
last mill the coarse grooving adopted for the early mills. The difference in extraction is not
appreciable if it can be arranged that the rollers of the last two mills are always new or in
good condition. This solution was thus not strictly contra-indicated. It has the advantage,
moreover, of removing one of the causes of choking of the later mills (poorer feeding with
fine grooving), and it is now general.

Disposition of grooving. As example of previous practice in the disposition of grooving
along the length of the tandem is given in Table 9.1 for the principal types of tandem.

Double pitch grooving in feed roller

Table 9.1 assumes that the three rollers of each mill have grooving of the same dimensions.
However, it is sometimes advantageous to group in the one mill rollers with grooving of dif-
ferent dimensions, provided that they mesh with each other; and the only rational solution
IS to have the grooving of one roller meshing with grooving of double the pitch.

It is necessary moreover that the top roller and the delivery roller should have the same
grooving, otherwise certain parts of the bagasse will not be subject to adequate pressure,
resulting in some loss of extraction. For the same reason, these two rollers should have the
smaller grooving. Under these conditions, there is only one combination possible; the feed
roller must have a grooving double that of the other two.
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This was the grooving adopted in our factories. Table 9.2 for example gives the grooving
of Savanna in Reunion, the tandem then consisting of six mills of 725 X 1,370 mm (28 X
54in.) preceded by two sets of knives and a shredder. This tandem has been replaced by one
of 860 X 1,700 mm (34 x 67 in.) as the first mill with following mills of 810 x 1,675 mm
(32 X 66 in.). The first mill grooving is60 X 60 mm (23 x 2% in.), the second 40 X 52 mm
(13 X 2in.), the third 40 X 52 mm (13 in.) for the feed roller and 20 X 26 mm (| x 1 in.)
for top and delivery. The later mills have grooving of 20 x 26 mm (3 x 1 in.) at al rollers.

This system had the advantage of assisting mill feeding owing to the space left free at the
feed roller (Fig. 9.3), while maintaining a full pressure at the delivery. It allows for and accen-
tuates the role assigned to each roller, as the feed roller has primarily the object of forcing
the bagasse to enter the mill, and the delivery roller that of extracting as much juice as possi-
ble.

TABLE 9.1

SIZES OF GROOVING IN DIFFERENT TANDEMS (in mm)

Crusher 1st Mill 2nd Mill 3rd Mitt 4th Mill 5th- Mill

12-roller tandem 40 x 52 20 x 26 10 x 13 10 x 13

14-roller tandem 40 X 52 20 x 26 20 x 26 10 x 13 10 x 13

15-roller tandem 40 X 52 20 x 26 20 x 26 10 x 13 10 x 13

18-roller tandem 40 x 52 20 x 26 20 x 26 10 x 13 10 x 13 10 X 13
TABLE 9.2

PITCH OF GROOVING (in mm), SAVANNA (mills 725 x 1,370 mm)

1st Mill 2nd Mill 3rd Mill 4th Mill 5th Mill 6th Mill
Feed roller 57 x 52 37 x52 57 x52 285 x 26 285 x 26 285 x 26
Top roller 57 x 52 285 X 26 285 X 26 1425 x 13 1425 x 13 1425 x 13

Delivery roller 57 x 52 285 x 26 285 x 26 1425 x 13 1425 x 13 1425 x 13

Angle of grooving

Wear and breakages of the teeth increase when the angle of grooving is decreased, but to
asmaller extent than was supposed until 1955. When there is no reason for adopting a more
acuteangle, avalue of about 55° is employed. American factories sometimes adopt 45 — 50°,
avalue which may be recommended. However, it is the Australians who in about 1956 — 58
adopted the greatest innovations in this matter. While they had already long used an angle
of 35°, they found, when aiming to alow the grooving of the top rollers to fill with bagasse
("dirty top roller"), that the angle of the grooving had a marked influence on the packing
of bagasse in the roller grooving. At the feed roller, Donnelly* specifies 30°, this angle being
sufficiently acute to prevent the bagasse from penetrating to the bottom of the grooves,
under the low pressure at the feed roller; the groove thus acts as its own Messchaert groove
for draining the juice.
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For the top roller, he recommends 30— 35°, with the object of atlowing the grooves to fill
with bagasse. For this it is necessary to place the top roller scraper a 75 mm (3 in.) (for a
first mill) to 40 mm (13 in.) (last mill) from the surface of the roller; or, better, to replace
it by a straight plate, fixed at 6.5—-20 mm (33 in.) from the tips of the teeth of the roller.

If it is not desired to allow the top roller to pack with bagasse, Donnelly recommends the
adoption of a very wide angle, 45 —60°, to ensure that the bagasse will pack to the bottom
of the groove under pressure, so that the juice cannot flow back towards the entry to the mill
and thus be lost as far as extraction is concerned.

For the delivery roller, he recommends 45°, since a more acute angle will hold the bagasse
too strongly and the scraper will not be able to remove it.

These considerations are summarised, with our recommendations, in Table 9.3.

One may ask what is the best method for meshing of grooving of different angles. We con-
sider that the best solution is to adopt the same height and the same pitch (or multiples or
sub-multiples of these) and to vary the width of the flats. Take, for example, a mill with top
roller of grooving 28.5 X 26 mm (1§ x 1 in.) and feed roller of double the pitch. Geometrical
considerations show that meshing presents no problem (Fig. 9.8). It is necessary only to avoid
the setting described as "metd to metal” and to alow always, in the setting of the mill at
rest, at least 0.75 mm (s in.) between the closest parts of the two rollers; this corresponds
to 6.5 mm (3 in.) between the tops of the teeth and the bottom of the grooving, and to about
4.75 mm (£ in.) of average thickness of bagasse layer between the two rollers.

TABLE 9.3

ANGLE OF GROOVING (degrees)

Top roller dirty Top roller clean
Roller Feed Top Delivery Feed Top Deélivery
Normal values 50 0 50
Vaues recommended by Donnelly 30 35 45 30 50 45
1f disregarding the Messchaert
effect at feed roller 45 35 45 45 45 45
Recommended values 42 35 42 50 50 50

MESSCHAERT GROOVES

Messchaert grooves, or ‘“Messchaerts’’ (also known as "juice grooves'), were invented and
applied in Hawaii. They have only one objective: improvement of the extraction. They un-
questionably render good service from this point of view, and their adoption today is almost
universal.

At the feed roller, it isin the zone AB (Fig. 9.9) that the bagasse undergoes the maximum
pressure, and the juice is extracted. But this juice has only two ways of escape: forward with
theroller, beyond the trashplate, or backward in the direction of the point C. In either direc-
tion, it encounters a thick layer of bagasse, already compressed, moving in the same direction
as the Juice at BD, but in the opposite direction at AC.
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282

Toproller

Feed roller

| Delivery
1 roler

Juice

Fig. 9.8. Meshing of rollers of different groove angles  Fig. 9.9. Action of Messchaerts at the feed roller.
(dimensions in mm).

Messchaert had the simple but fruitful idea of providing an outlet for the juice by cutting
circumferential grooves around the feed roller at intervals, by means of which, at all points
in the zone 4B, thejuice can find an immediate way out, and can drain without hindrance
from any part of the roller.

We may comment that the juice which flows from B comes mainly from the region A, since
at B the point of maximal pressure has already been passed and the juice has in principle
already been extracted; the portion of juice which remains is absorbed by the bagasse as it
re-expands.

The same problem is encountered at the delivery roller, but here it is less serious, since
gravity assists the juice to escape from the zone of high pressure, whereas at the feed roller
it has to climb over the roller to pass through the layer AC.

Messchaerts may be provided in two ways.

(1) By eliminating atooth and locating the Messchaert in the position of the tooth eliminated
(Fig. 9.10)
(2) By leaving all the teeth, and cutting the Messchaert between two teeth (Fig. 9.11).

The latter system has the advantage that it does not lose a tooth, and consequently avoids
creating a zone of lower pressure in the layer of compressed bagasse. On the other hand,
lateral drainage of the juice is not so easy, and the teeth next to the Messchaerts have a
greater tendency to fracture along the line ab. Thus the second system is reserved for coarse
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Top roller Toproller,

I\./Iesschaert . Messchaert
Fig. 9.10. Formation of a Messchaert by elimination of a tooth.
Fig. 9.11. Formation of a Messchaert without elimination of a tooth.

grooving in which the width of the tooth compensates for the proximity of the Messchaert
(cf. Figs. 9.10 and 9.11).

Dimensions of Messchaerts

In the feed roller, the Messchaerts are given awidth of 3- 6.5 mm (§ -4 in.), generaly 5 mm
(% in.). There is no advantage to be obtained by making them wider; the pressure succeeds
in forcing bagasse into Messchaerts which are too wide, and drainage is less effective.

The depth of the Messchaerts depends on the quantity of juice which they have to handle.
A depth of at least 20 mm (in.) is necessary, measured from the base of the grooves. In
general, a depth of 25 mm (1 in.) is provided (Fig. 9.12). However, with very high crushing
rates and heavy imbibition, when the Messchaerts are widely spaced, this depth is not suffi-
cient to drain the juice from the feed roller. It is then necessary to make the Messchaerts
either more numerous, or deeper. In Hawaii they are taken to a depth of 40 -50 mm (112
in.).

The flow of juice in the Messchaerts depends on their pitch, which is the distance between
successive Messchaerts. This must obviously be a multiple of the pitch of the main grooving.
For grooving of 13 mm (5 in.) pitch Messchaerts of 52 or 78 mm (2 or 3 in.) pitch are
adopted, or 52— 104 mm (2—4 in.) pitch for main grooving of 52 mm (2 in.) pitch.

,,.,_*w[

Fig. 9.12. Dimensions of Messchaerts (mm).
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Pitch and symmetry of Messchaerts
As the pitch of the Messchaerts must necessarily be a multiple of that of the main grooving,
we shall have 1, 2, . . ., 6 teeth between adjacent Messchaerts. With medium or coarse groov-
ing working at high tonnages, it may be of advantage to have a Messchaert groove every two
grooves rather than one every three grooves. However, thisis not always possible if symmetry
Is to be maintained. Messchaerts are applicable only for bottom rollers, and we have seen
(p. 103) that top rollers should preferably have a groove in the middle; hence the bottom
rollers of the same grooving must have a tooth in the middle. Thus, for a symmetrical ar-
rangement of Messchaerts relative to the median plane of the roller, they should have bet-
ween them an odd number of teeth: 1, 3, 5, etc., asis easily seen by considering a bottom-
roller grooving such as that of Fig. 9.4 or 9.6. An interval of one tooth, i.e. a Messchaert
every groove, is always possible, though it may be desirable only with certain coarse groov-
ings, for example, in the feed roller of the first mill; but it may often be found that an interval
of three teeth is too much and that it is necessary to have a Messchaert every two teeth. In
this case there are only two possible solutions:
(1) To accept a non-symmetrical arrangement of the Messchaerts, which has moreover no
disadvantage for performance but increases the risk of errors in the workshop, or
(2) Tolocate the Messchaerts so that the median interval is 3 teeth, and al the others 2 teeth.
This is the better solution.

This problem arises only for an interval of 2 teeth. For an interval of 4, there is scarcely
any disadvantage in adopting 3 or 5 and thus retaining an odd-number spacing.

Delivery roller

The above figures for depth and pitch are for feed rollers. When Messchaerts are placed in
delivery rollers, the depth does not exceed 20 mm (f in.), because:

(1) This would not be necessary on account of the low output of juice

(2) The pressure is much higher a the delivery roller: the risk of breakage of the teeth next
to the Messchaerts would be much greater, and the consequent damage would be correspon-
dingly more serious if the Messchaerts were made deeper.

In the same way, and for the same reasons, a narrower width is adopted, 3 mm (3 in.)
instead of 5 mm (& in.), and a substantially greater pitch. For grooving of the family 10 x 13
mm (| x 5 in.), the pitch varies from 78 mm (3 in.) to 130 mm (5 in.).

An attempt to standardise the rollers by making the Messchaerts the same for feed and
delivery rollers would have more disadvantages than otherwise. The difference between the
two rollers is unfortunate but necessary.

Scrapers

If suitable precautions were not taken, the Messchaerts would become filled with bagasse and

would soon cease to be effective. It is thus necessary to install below the rollers special

scrapers or "combs'. These consist of steel bars, carrying, opposite each Messchaert, an

angle-iron, one wing of which is extended to the bottom of the Messchaert (Fig. 9.13).
The length of these angle-irons or "fingers' is caculated so that the scraping edge makes

an angle of about 30° with the roller surface.
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Fig. 9.13. Messchaert scraper.

Wear. It is important that the scraping fingers be firmly attached to the supporting bar,
and set s0 as to pass accurately in the centre of the Messchaerts. Otherwise they will rub
against the sides of the grooves, wear rapidly, enlarge the Messchaerts and completely
destroy their efficiency.

Advantages and disadvantages
Rollers provided with Messchaerts suffer more damage from tramp iron passing through the
mill, and wear more rapidly. But they are of great benefit a the feed roller:

(7) They improve the capacity of the mill by permitting it to deal with a quantity of juice
which otherwise would cause choking. When the mill is not working at its maximum capaci-
ty, they render possible the use of a quantity of imbibition which otherwise would be
prohibitive.

(2) They especidly improve the extraction by augmenting the proportion of juice removed
at the feed roller, thus relieving and facilitating the task of the delivery roller.

At the delivery roller, on the other hand, their usefulness is more debatable. The advan-
tages are less, because there is less juice and it flows away more readily. The disadvantages
are more serious, because the pressure is much greater, and because it is difficult to devise
asatisfactory method for cleaning the Messchaerts. Furthermore, in the case of Messchaerts
formed by elimination of one tooth (Fig. 9.10), the bagasse alongside the Messchaerts, at the
delivery, is not compressed: its moisture and pol content are certainly higher than those of
the bagasse coming from the full grooves. At the last mill especially, such loss cannot be
recovered.

It may be added that the experiments of Bullock? may well be interpreted as indicating that
Messchaert grooves in the delivery roller are not effective.

To sum up, while opinions are almost unanimous on the value of Messchaerts in the feed
roller, opinions are divided as regards the delivery side. Our opinion is that Messchaerts in
the delivery roller involve a definite increase in expense, while offering only a doubtful gain,
or perhaps a loss. We do not recommend them.

CHEVRONS

Unlike Messchaerts, which have as their special object the improvement of extraction,
chevrons have the sole object of improving the feeding of the bagasse.
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Fig. 9.14. Chevrons. Feeder roller. Messchaert scraper (hydraulic plungers removed).

These are notches (Fig. 9.14) cut in the teeth, in a sequence which describes a helix from
the centre to one end of the roller, the other half of the roller carrying a helix symmetrical
with the first with respect to the median plane of the roller. This is exactly the same design
as that on the Fulton crushers, and uses the same form of notch (cf. Fig. 5.4). The same
remarks on the depth and dispositions of the chevrons apply to mills (cf. p. 53).

The angle of the chevrons with a longitudinal line on the roller varies from 10 to 20° and
is generally 18°. The pitch is of the order of 20 cm (8 in.).

Chevrons are placed only on the two feeding rollers: the top and feed rollers. They are
never placed on the delivery rollers, because:
(1) They would not be of any use, the delivery roller being in a way force-fed by the
trashplate and the feed roller
(2) The bagasse near the chevrons would not be adequately compressed.

For the latter reason, we consider that it is equally advantageous to omit the chevrons from
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the top roller, the pressure at the delivery opening being exerted as much by the top roller
as by the delivery roller.

Where slip is liable to occur between the roller surface and the bagasse, an acceptable com-
promise would be to cut chevrons spaced 25 cm (10 in.) apart (or better };th of the cir-
cumference, i.e. 10 chevrons on the roller) and of depth equal to one-third the depth of the
main grooving.

Moreover, chevrons are useful on the feed roller only in the case where its grooving is the
same as that of the top roller. If the system described previously (Fig. 9.3) is adopted, they
generally become superfluous; if not, the same compromise can be adopted in al cases as
for the top roller. At the feed roller, moreover, chevrons have the disadvantage of increasing
the proportion of the bagasse passing into the juice, on account of the small quantity which
lodges in the chevrons and which is not scraped out by the toe of the trashplate.

Conclusion

In certain cases, chevrons are of real assistance to the grip of the rollers on the bagasse. They
are not indispensable, except when approaching the extreme capacity of the mill, and if they
are adopted it is preferable to restrict them to the feed roller and to reduce their depth to
one-third the depth of the grooving.

KAY GROOVING

This system, devised by Kay, engineer at Aguirre, Puerto Rico, consists of cutting, in the top
roller, helicoidal grooves of rectangular section, of a depth greater than that of the cir-
cumferential grooving (Figs. 9.15 and 9.16).

These grooves become filled with bagasse and the pads of bagasse so formed facilitate the
feeding of the entering bagasse, without detriment to the continuity of the pressure. How-
ever, they have a tendency to lift the scraper plate and render it ineffective.

m Kay groove

_ _ Fig. 9.16. Transverse section of roller
Fig. 9.15. Kay grooving. with Kay grooving.

WEAR OF ROLLERS

Causes of wear

Wear of the rollers occurs owing to four causes
(1) Corrosion of the metal by the acid juice

(2) Friction of scrapers and trashplate
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(3) Friction of the cane or the bagasse, which always slips on the roller to some extent
(4) Passage of tramp iron, which crushes the metal or breaks the teeth 4
(5) Necessity for turning the roller down during the slack season, after 2 or 3 campaigns,
to restore its proper cylindrical form.

The wear is generally greater at the centre than at the ends. Turning the shell aso permits
of reduction of irregularities due to broken teeth.

Extent of wear

In mills of standard design, the maximum wear permissible in a roller is approximately
4—5%. In other words, aroller of 1 m in mean diameter when new has to be discarded when
its diameter has been reduced to 950 — 960 mm. In mills of more modern design, wear may
be allowed to go somewhat beyond 5%, exceptionaly to 10% with suitable design.

In Java, from the viewpoint of mill performance, the diameters of different rollers of the
same mill were not permitted to vary between themselves by more than 3%. When the wear
of certain rollers of a tandem exceeded this figure, they were re-assembled together in the
one mill. If one mill of the tandem thus had to work with smaller rollers than the others,
it should not be the first, nor the last, nor, if possible (that is, in tandems of more than 11
rollers), the second. Generally, then, it was the third mill.

If the 3 rollers of a mill have different mean diameters, they should, as far as possible,
be arranged: the smallest as feed roller, the largest as delivery, and the intermediate one as
top roller.

This point of view, however, is contested by Mackay, in Australia, who asserts? that it is
the top roller which should have the lowest peripheral speed. He even goes as far asto recom-
mend giving it if necessary a pinion having one tooth more than those of the lower rollers,
S0 as to give it a peripheral speed of 75—~ 150 mm (3 -6 in.) lower per revolution. We have
never tried such an unorthodox arrangement.

Tromp* gives 6.5 — 13 mm (5 — 4 in.) on diameter as the amount of wear per 100,000 tonnes
of cane treated, or a life of about 3 years.

In South Africa, wear is reckoned at 1.5 mm (s in.) of metal (3 mm (} in.) on diameter)
for:

16,000 t.c. for the top roller
25,000 t.c. for the feed roller
15,000 t.c. for the delivery roller

Actually, large rollers in the course of their lives handle a much greater tonnage of cane
than small rollers, and it is more logical to reckon the life of a roller in hours of work. The
life of 3 years indicated above would correspond fairly closely to average campaigns of
100 — 120 days of 24 hours for rollers of al dimensions. Rollers running at the highest speeds
are evidently those which wear most rapidly.

Crusher rollers have a longer life, generally 9~ 12 years.

In Java, the extent of wear is reckoned as follows, in thickness of metal removed per 100
days of continuous crushing:
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Rollers with ordinary grooving: 1.8 mm (0.07 in.)
Rollers with Messchaerts: 2 mm (0.08 in.)
Increased width of Messchaerts: 1  mm (0.04 in.)

It would be more accurate to distinguish between the feed roller and the two others, since
it wears less rapidly.

The following are some measured values: (a) at Puunene in Hawaii®, (b) at Ambilobe in
Madagascar, (c) at la Mare and Savanna in Reunion (mean over 5 seasons 1975 —79), with
the wear expressed as percentage of that of the top roller:

Roller Puunene Ambilobe Réunion Prop.

(per month) (per 1000 A) (per 100,000 t.c. FCB
Feed 0.53 mm ( 54%) 3.7 mm (71%) 2.1 mm (68%) 60%
Top 0.98 mm (100%) 5.2 mm 3.1 mm 100%
Delivery 0.85 mm ( 87%) 4.9 mm (94%) 29 mm (92%) 90%

The values for Ambilobe correspond to 1,000 hours of operation. The last column gives the
proportions accepted by Fives Cail — Babcock.

Reshelling of rollers

When aroller is worn, it may be re-shelled by breaking off the cast-iron shell and returning
the shaft to the manufacturers, who return it fitted with a new shell. Many factories are today
equipped themselves for carrying out this rather critical operation. It can be done only once
or twice at the most, on account of wear of the journals, which in turn limits the life of the
shaft. Some factories, however, build up the worn or damaged journals by welding, and
restore them to the original diameter.

We may comment in passing that the shrink fit of the shell on the shaft should be approx-
imately 1 per 1,000. In other words, if the diameter of the shaft is 0.5 m, the bore of the
shell should be 0.5 mm smaller than the diameter, or 499.5 mm.

Roller shafts may be checked by ultrasonic tests, to detect those which are cracked or
which have incipient cracks, and are liable to break in the course of the campaign. The crack
is located and its approximate magnitude determined. A South African organisation visits
the factories in Natal, Mauritius, Reunion and Madagascar to conduct such tests.

To break the shell, two main methods are employed:

(1) Drill holes every 10 cm (4 in.) aong the length of the roller, to 90% of the thickness of
the roller shell. Place in three of these holes plugs of dynamite, and explode them
simultaneously.

(2) Drop a monkey or "skull-cracker" (an old tail-bar, for example) on the roller from a
height of 5-6 m (15 -20 ft.), by means of a crane.

When both shaft and shell are worn, a valuable part of an old roller may still be recovered
by making from its materia a roller for a smaler mill (Fig. 9.17). The necessary condition
for this is that the profile of the small roller should fit within that of the large one, and that
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Fig. 9.17. Turning a roller from a larger roller.

after turning down there should remain a sufficient thickness of shell for strength of the
roller, say at least 10% of the diameter below the bottom of the grooves. Rollers obtained
in thisway have a surface as hard as that of new rollers and a resistance to wear entirely com-

parable.
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10. Pressures in Milling

Originally, the three rollers of a mill were fixed relative to each other, and their positions
in the housing were adjusted at the start of the season or of the week with the aid of steel
plates or wedges.

The pressure was then determined by the layer of bagasse: it increased when the tonnage
was increased, and dropped when it was decreased. The milling results varied accordingly.
The greatest disadvantage was associated with the passage of foreign bodies: if the piece of
iron or steel was too big or too hard, the housing (or the roller) gave way.

This led to a search for some more flexible arrangement; hence the development of mills
with pressure applied by springs (Fig. 10.1). This is the system still adopted today in very
small mills.

HYDRAULIC PRESSURE

The use of hydraulic pressure was the next development; this had the advantage of maintain-
ing a constant pressure, independent of the lift of the roller.

Accumuiator I

T/ o= i
I ( \ T 1
e M gt i
thi_ T 1‘41—“@@ Gl
HLEE;I L\ [ 1 - it ,Jj_m_
Fig. 10.1. Spring-loaded roller. Fig. 10.2. Hydraulic pressure system.

The upper bearings of the top roller are arranged to slide in the gaps of the housing. They
receive, with or without the interposition of an intermediate block, the pressure exerted by
ahydraulic piston (Fig. 10.3) diding in the cap. The hydraulic pressure is transmitted to the
top of the piston by a system of piping containing oil under pressure (Fig. 10.2), the pressure
being produced by an accumulator.
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Oil under

| pressure
.

Piston

]
Ball transmitting pressure-/
to the rollers

Fig. 10.3. Section of a hydraulic cap.

Accumulators
There are various types of accumulator, the principal ones being:
(1) The deadweight accumulator (Fig. 10.2), now of historical interest only

(2) The air - oil accumulator with air reservoir (little used - see second edition)
(3) Theindividual air —oil accumulator.

Gas valve

Rubber bladder

Oil valve

Fig. 10.4. Edwards accumulator with rubber bladder (Edwards Eng. Corp.).

Ch.

10
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Individual air — oil accumulators. The first accumulators using hydraulic pressure were
placed alongside the mills, to which they were connected by piping. Edwards, in America,
had the happy idea of placing the air chamber close to the mill cap, the accumulator con-
sisting of a bladder filled with nitrogen which becomes compressed or dilated when the
hydraulic ram rises or falls (Fig. 10.4). Several manufacturers have followed this example.
Fives Lille — Cail deliver their millswith individual pressure bottles without a bladder, where
the air is enclosed in the space at the top of the bottle, which is necessarily very airtight.

Oil is readily added to these bottles by means of a common oil pump placed close to the
mill tandem; thus the pressure in them may be regulated at will; they are very free from leaks
and rarely require recharging. They have, moreover, the advantage over the previous type
of avoiding long and heavy hydraulic piping with a consequent pressure drop and the
resulting slow response of the top roller. They thus act rapidly, are more flexible and also
less expensive.

The interior diameter of the pressure bottles of Fives Lille - Cail is 20 cm (8 in.). those of
Edwards are 22.5 cm (9 in.). They are then only approximately 1.2 — 2.5 times smaller than
the hydraulic plunger of the mill, or 1.5 ¢ times in area. Their pistons, when they are pro-
vided, accordingly rise by 1.5— 6 times as much as the roller.

Since the volume of the bottle is limited (of the order of 30 dm?® (1 cu.ft.), the pressure

Fig. 10.5. Unilaterat air — oil accumulator with lift indicator (Fives Cail — Babcock)
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will accordingly increase somewhat as the roller lifts; this may be considered an advantage
over other accumulators, where the pressure is constant or practically so.

Accumulators of this type are always provided with direct indicators of lift (Fig. 10.5),
which add to the preceding advantages a complete control of the roller movements, and
which, moreover, can be mounted on any type of mill, independently of the type of ac-
cumulator adopted. The use of these indicators can be strongly recommended. Their cost is
insignificant and the services obtained are considerable.

These individual accumulators permit the pressure at each end of the roller to be regulated
independently in such a manner that the lift is balanced and proportioned at each end, to
the layer of bagasse which passes on that side. If often happens that one side of a mill, or
of a tandem of mills, regularly receives a greater quantity of cane than the other side. This
phenomenon is generally due to an unsymmetrical feeding of the carrier, which is frequently
the case, for example, in factories possessing only one lateral table. In such acase, it isimpor-
tant to guard against aiming at an equal mean lift for the two sides. the side which is more
lightly loaded should furnish a mean lift slightly less than that of the other. The two values
S0 obtained for the lift on the left and the right are sometimes very different, and the higher
pressure is not always found on the pinion side of the roller, as one would expect (cf. p. 167).

Caps and hydraulic pistons
When a hydraulic leather or packing fails, quick replacement should be possible. The cylin-
drical chamber in which the piston moves is open at the top, and closure is effected either
by an ordinary screw, or by a bayonet fitting or screw of which 2 or 3 segments have been
removed so that a rotation of 90° or 60° suffices to fix it firmly, as with the breech
mechanism of much modern artillery (Fig. 10.6). The latter system is much quicker in opera-
tion, and its oil-tightness is not inferior to the former.

On account of their weight, the screws are fitted with two lugs which facilitate their
unscrewing, handling and removal.

Fig 10.6. Bayonet-type cap (Fives (ai’ — Rabcock)
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The hydraulic piston, sometimes called a "cheesg" on account of its shape, is simply a
cylinder with its edges rounded.

L eathers and packings. On account of the very high pressure prevailing in the space where
the hydraulic pressure acts, the question of preventing serious leakage is important. For the
piston, the question is complicated by the fact that it is mobile.

The problem is most often solved by closing the pressure chamber of the cap by a leather
bent in the form of a U or preferably by a moulded metallo-plastic or synthetic rubber pack-
ing. One of these is placed against the screw cap and one at the upper portion of the piston
(Fig. 10.3).

The pressed |eather, working under high pressure, must be of very good quality. Mineral-
tanned leathers last better than vegetable-tanned, even if the latter are oak-tanned.

Possible causes of poor behaviour of leathers. 1t happens sometimes that one of the
leathers of a mill may "squirt” a any moment. If this trouble recurs frequently, it is most
probably due to the absence of a flexible joint between the leather and the metal parts against
which it presses. It is then necessary, either to interpose a rubber ring between the curve of
the leather and the small metallic ring against which it is supported, or to place awad of cot-
ton in the inside of the leather, between the edge of the steel ring which fits inside the U and
the bottom of the leather.

Friction. To make the operation of the hydraulics as free as possible, it is necessary to
reduce to a minimum the friction caused by the movements of the piston and the ac-
cumulator.

Now, the friction is roughly proportional to the height of the leather (approx. 25 mm (1
in.)) or of the packing (approx. 20 mm (3 in.)) (Fig. 10.7). In the case of a leather, it is also
beneficial to protect the curve of the leather by adopting a rounded form for the seating
which receives it, avoiding a sharp angle between the piston or plate and the cylindrical wall
of the chamber.

bl

Fig. 10.7. Diametrical section of hydraulic leather.

The coefficient of friction f ofthe hydraulic packing against the walls has an approximate
value:

/=(05t006) " (10.1)

~
1

coefficient of friction
height of leather, in mm (in.)
diameter of the hydraulic piston, in mm (in.).

A
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The force necessary to overcome this friction is therefore:
¢ = fF (10.2)

¢ = force necessary to overcome the resistance of the hydraulic packing, in tonnes
F = hydraulic pressure acting on the piston, expressed in tonnes.

For the commonest dimensions, f = 0.03 -0.05, and it will be seen that in these condi-
tions, ¢ = 3—5% of F. For amill with its 2 packings receiving a total pressure of 300 tonnes,
9—15 tonnes are therefore required to "unstick” the pistons.

Maximum lift. The mill caps are generally constructed so as to permit of a maximum lift
of the top roller of:

4-6 cm (15—2;3 in.) for crushers
2-4 cm ( 2-15 in) for mills.

Play in the operation of accumulators

There always exists some play or slack in the working of the hydraulic system, i.e. the top
roller will always lift a certain amount before the pressure is fully effective on the bagasse;
in the case of the old deadweight accumulators, before the accumulator begins to rise. In this
case, the extent to which the roller rises from its stationary position, before the accumulator
moves, gives a measure of this play.

This was one advantage of the deadweight accumulator, or the plunger-type air - oil ac-
cumulator, over the individual air - oil type; these indicated the instant when the bagasse is
subjected to the full pressure, while the lift indicator shows the lift of the roller from its posi-
tion of rest without showing whether the bagasse is receiving full pressure or not.

Causes of play. This play is due to several causes:

(@) Play of the bearings in the housings

(b) Mill caps badly adjusted

(c) Adjusting-bolts of the delivery roller too short or fitted badly
(d) Play between bolts and bolt-holes of the caps

(e) Shafts badly adjusted.

Importance of play. Mills giving good extractions are always those in which the play is
slight: .

A play of 1 —2 mm (55 —3 in.) 1s normal

A value of 5-6 mm (£ —3 in.) is excessive and harmful.

The existence of this play means that the bagasse is not submitted to the full pressure until
the upper roller has lifted by an amount corresponding to the play: it has lifted by A k.
The delivery opening accordingly is increased by A eo, and we have in mills with normal
housing (Fig. 13.4):

Aeo:Ahocos%
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a being the angle of construction of the mill (cf. p. 260). A egenerally amountsto 3 - 6 mm
$—4in.), the highest values being found in older mills. It is thus necessary to be cautious
of assuming that the full pressure is exerted as soon as the bagasse layer reaches a thickness
equal to the delivery opening. The pressure depends only on the weight of the top roller and
the items which it lifts with it (the coupling, part of the tail-bar, and in mills with fixed open-

ings, the mill cap) until the moment when the opening attains e.

True delivery opening of the rollers at rest

When_the fabrication superintendent gives the "delivery setting”, he indicates generally the
measurement obtained by sliding a gauge, either between the two small cylindrical strips at
the extremities of the rollers (cf. Fig. 13.2), or between the point of a tooth and the bottom
of the groove with which it meshes, about one-quarter of the length along the roller, choosing
for this an undamaged portion of the rollers.

If, for example, the thickest gauge which will pass between the rollers is 3 mm (3 in.), he
will say, "My delivery setting is 3 mm".

It is very necessary to guard against reasoning as if the thickness of bagasse passing bet-
ween the rollers when not lifting had the same value. This thickness is generally much greater
than the "setting". The difference is due to a number of causes:

(@) Non-uniform wear of the rollers. If for example the setting has been taken between
the cylindrical portions at the extremities of the rollers, the setting at the mid-point of the
rollers will be higher, since the rollers wear more at the centre than at their extremities.

(b) Wear at the tips of the teeth.

(c) Destruction (more or less complete) of the teeth by the passage through the mill of
pieces of iron or steel, breaking or crushing the teeth over part of their length and depth.

(d) The volume left free by chevrons and Messchaerts. As far as the latter are concerned,
experiments made in Queensland have shown that it is suitable to take them into account,
for the volume described by the opening, only to the extent of one-quarter of their depth
(Bullock?).

There are thus four measurements to be distinguished at the delivery of a mill:

(1) The "delivery setting"

(2 The true opening between the rollers when not lifting, taking into account the losses of
metal (a), (b), (c), and the free volume (d)

(3) The opening at commencement of lift of the accumulator

(4) The delivery opening when operating.

The delivery setting is merely a theoretical figure, the only interest of which is that it is
easy to measure. The true opening in the absence of lift corresponds to a true volume
generated by the simultaneous rotation of the 2 rollers. When the mill is set in motion, it
begins to fill with bagasse; the compression of the latter then increases to the point where
it is sufficient to lift the weight of the top roller, or to force the bottom roller to the bottom
of its bearings, or the bearings hard against the housing, etc. As the quantity of bagasse pro-
gressively increases, the various cases of play, (a) - (€) cited above, in the paragraph Causes
ofplay (p. 122), come into operation successively, and the pressure increases, the volume
generated thus attains the value corresponding to the opening at the commencement of lift;
the pressure then increases more rapidly up to the limit corresponding to the commencement
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of lift of the accumulator. Finally, the accumulator lifts, and the volume generated continues
to increase in direct proportion to the lift, the pressure on the other hand remaining substan-
tially constant.

We shall have for example:

Delivery setting: 1 mm (0.04 in.)
True opening in absence of lift: 4 mm (0.16 in.) (mean value)
Opening at commencement of lift: 6 mm (0.24 in.) (mean value)

In the case of a mill of 100 t.c.h. capacity, the delivery opening of which when working
is 16 mm (0.64 in.) for example, the true opening in the absence of lift will be filled at a ton-
nage of less than 25 t.c.h. and the accumulator will not lift until the instantaneous rate cor-
responds to 50 t.c.h. Below this tonnage the pressure will not be fully effective.

Measurement of the true back roller opening in absence of roller lift. This determination
IS made very easily by the test with lead, on condition that a piece of lead is taken small
enough to avoid displacing the rollers, for example, a piece 50 x 50 x 20 mm (2 x 2 X

3 in.) will be suitable in general for mills of 914 x 1,828 mm (30 X 60 in.) or larger. This
Is made to pass through the mill while checking that neither the rollers nor the accumulator
are displaced. The thickness of the piece of crushed lead is then determined in the following
manner: it is placed on a piece of squared paper and its contour is drawn on the paper. The
number of squares included on the paper is then counted, and the piece of lead is weighed.
Let S be the area obtained for the piece and G its weight. We have:

G
= 10.3
e = (10.3)

thickness sought, in cm (in.)

weight of lead, in g (ib.)

density of lead = 11.35 g/cm? (0.41 Ib./cu.in.)

area obtained, in cm? (sq.in.).

We thus obtain the mean thickness of the piece of lead with a high degree of precision.
It corresponds to the true back opening between the rollers in the absence of roller lift. If
the surface of the rollers is greatly damaged, the mean of several tests should be taken, allow-
ing for the depth of a Messchaert groove as often as is necessary to represent its correct pro-
portion of the surface of the roller.

This question of slack and of the mill openings at rest and at first application of pressure
has been discussed at some length, but we consider that these details contribute greatly to
a better understanding of what happens in the mill. Individual air — oil accumulators display
a commencement of lift which does not correspond to the full pressure, on account of the
causes of play indicated. Fortunately these are rather slight in modern well-constructed mills.

ne Qo
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Maximum values

Hydraulic pressure. The accumulators, piping and mills are generally designed for ail
pressures of 250 — 350 kg/cm? (3,500 — 5,000 p.s.i.). British firms have adopted as standard
280 kg/cm? (4,000 p.s.i.), while French manufacturers go up to 300-320 kg/cm?
(4,250-4,500 p.s.i.).

This maximum, however, is not generally used, or is used only in the last mill. With the
usual dimensions of hydraulic pistons, a value of 300 kg/cm? (4,250 p.s.i.) is sufficient to
alow the optimal operating conditions to be attained, as we shall see later.

Total pressure. From the point of view of stresses in the roller material, the total pressure
exerted on the top roller is generally measured by relating this pressure to the projected area
(length X diameter) of the roller journals.

The pressure on the journals, so defined, generally does not exceed:

70- 80 kg/cm? (1,000-1,150 p.s.i.) for crushers Ca
100 — 110 kg/cm? (1,400 — 1,600 p.s.i.) for mills ™

Some manufacturers have gone up to 125 kg/cm? (1,800 p.s.i.) but, from the point of view
of safety, and in order to maintain good lubrication, we consider it is not advisable to exceed
110 kg/cm? (1,600 p.s.i.).

PRESSURE CONSIDERED FROM THE OPERATING VIEWPOINT

Measure of the pressure on the bagasse

The indication of the total pressure exerted on the top roller gives little information as to
the corresponding pressure undergone by the bagasse. If, for example, a pressure of 300 ton-
nes were applied to a mill of 1,097 x 2560 mm (36 x 84 in.) it is evident that the effect
on the bagasse will by no means be the same as if the 300 tonnes were applied to a mill of
914 X 1,828 mm (30 x 60 in.). In the larger mill, the total pressure will be distributed over
a larger area of bagasse.

In the same way, the thickness of the bagasse layer has its effect.

In an attempt to take into account the dimensions of the mill, the British practice is to ex-
press the figure as pressure/unit length of roller. However, a pressure of 200 t/m (60 t./ft.)
would give the same total pressure, i.e. 360 tonnes, on aroller of 863 x 1830 mm (34 x
72 in.) as on one of 810 x 1830 mm (32 x 72 in.), but the effect will be different.

If we consider (Fig. 10.8) atransverse section of a mill in operation, we can quite well pic-
ture this figure as representing, perhaps rollers of 50 cm (20 in.) diameter on a scale of 33,
perhaps rollers of 100 cm (40 in.) diameter on a scale of 75, or rollers of any diameter what-
ever at the appropriate scale.

It will be seen then that the layer of bagasse indicated on the figure will likewise correspond
to a thickness determined by the scale of the figure, but proportional to the diameter of the
roller: 10 cm (4 in.) for rollers of 50 cm (20 in.), or 20 cm (8 in.) for rollers of 100 cm (40
in.), etc.
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Fig. 10.8. The bagasse layer.

For the present, we propose to concern ourselves only with the pressure, and to disregard
temporarily the more complex phenomena such as the flow of juice through the layer of
bagasse, which, however, would not seriously affect our conclusions.

Other things being equal, it is obvious that, for a given diagram, e.g. for agiven thickness
of bagasse and at the roller setting shown, there will be an identical nip, degree of compres-
sion, ratio e/E and overall treatment of the bagasse, whatever the scale of the diagram. In
other words, in the two cases below:

(1) Diameter of rollers: D = 5cm (20 in.)
Thickness of loose bagasse: E = 10cm (4 in)
Thickness of compressed bagasse: e = 1cm(04in)

(2) Diameter of rollers: D = 100cm (40 in.)
Thickness of loose bagasse: E = 20cm (8 in)
Thickness of compressed bagasse: e = 2cm(08in)

the result of the passage of the bagasse through the mill will be practically the same. But these
two cases correspond to the same compression of the bagasse at homologous points in two
geometrically similar figures (or to the same point in the same figure at two different scales),
and this postulates that the pressure per unit area on the bagasse is the same at all correspon-
ding points in its passage between the rollers. When the geometrical similarity is realised, the
mechanical similarity will also be redlised if the total pressure per unit length of the roller
for the 100-cm (40-in.) mill is double that for the 50-cm (20-in.) mill. The length of the arcs
in contact with the bagasse in the former case is effectively double that for the second case.

For a layer of bagasse of thickness equal to a given fraction of the diameter of the rollers
(in the above example, 20% before pressing, 2% at delivery opening), the effect on the
bagasse will be identical if the total pressure on the whole length of the roller is proportional
to LD:

F= ALD (105)

total hydraulic pressure acting on the top roller
numerical coefficient

length of rollers

— diameter of rollers.
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Specific pressure

We now see that a logica way of taking into account the roller dimensions is to relate the
total pressure, not to the length L of the rollers, but to the product LD of their length and
diameter. '

However, the pressure relative to LD does not represent anything tangible to the imagina-
tion. But it is found that, for a thickness of bagasse layer as ordinarily passed through the
mills, the mean pressure exerted on the bagasse is approximately equal to that which would
be exerted by the total pressure Fif uniformly distributed on a plane surface of length L and
breadth equal to one-tenth of the diameter, i.e. D/10.

We shall therefore define the specific hydraulic pressure of amill, or s.h.p., by the quotient

F __1wrF (10.6)

- specific hydraulic pressure, in tonnes/dm? (tons/sq.ft.) = "s.h.p."
total hydraulic pressure on the top roller, expressed in tonnes
length of the rollers, in dm (ft.)

diameter of the rollers, in dm (ft.).

This definition of s.h.p. is not closely related to the actual pressure exerted on the bagasse;
it is merely the main factorin it, and gives an approximate figure of the order of magnitude
of the mean pressure; it has the advantage of appealing to the imagination, as one can im-
mediately picture a pressure, for example, of 10 t/dm? or 100 tons/sq.ft. of bagasse. It is
also very useful, and will be used frequently in the following discussion. It should completely
replace the figure of load per unit length of roller, which is illogical and liable to cause confu-
sion.

Or Mo

Thickness of the bagasse layer. The s.h.p. permits of a comparison between the pressures
of two different mills, but one must be cautious of using it as a measure of the pressure
undergone by the bagasse. The s.h.p. would not provide a measure of this pressure unless
the bagasse layer was aways the same proportion of the roller diameter. Thisis not generally
the case, either in two different mills, which may be under different control, or in the same
mill, where the crushing rate may be increased or decreased.

Resolution of the pressures in the mill while operating
In an ordinary 2-roller crusher in operation, the reactions resulting from a load P exerted
on the top roller are very simple. There is a reaction of £, on the upper brasses of the top
roller, and a reaction F; on the bottom brasses of the bottom roller (Fig. 10.9), and each of
these reactions is equal to P:

F,=F =P
In amill, the resolution is somewhat more complex. The reaction on the upper brasses of

the top roller is still equal to P. If there were no trashplate, the load P would be resolved
at the lower rollersinto two reactions: F\ at the feed and F: at the delivery roller (Fig. 10.10).
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/ p

Fs

Fi =X F2
Fig. 10.9. Resolution of pressures in a crusher. Fig. 10.10. Resolution of pressures in a mill.

The latter will always be greater, since the setting at the delivery is always closer than at the
feed roller.

Influence of the trashplate. However, a certain portion of the pressure P is absorbed by
the trashplate. The reaction of the latter is slightly displaced in front of the axial plane of
the top roller. If we neglect this angle of displacement, which is small, we see that the reac-
tions F, and F, will be produced only by the remaining fraction of P (Fig. 10.11).

R = Reaction of thetrashplate
/I onthetoproller=20
|

|
!
|
|
j P = Resultant pressure= 80

i /

P1=Total hydraulic
pressure = 100

Trashplate

Fig. 10.11. Effect of trashplate reaction on the hydraulic load (relative pressures expressed as % total pressure).

What is the fraction of P absorbed by the trash plate? Lehky? estimates that the mean
pressure on the trashplate is of the order of 3 kg/cm? (43 p.s.i.), which, for the usual propor-
tions, would correspond to about 5% of P. This value appears to us to be very low. However,
Russell? finds 1.8 kg/cm? (26 Ib./sq. in.), corresponding to a total reaction R = 0.05 P.

He finally proposes R = 0.10 P.
Munson® has found normal values of 10— 14 kg/cm? (140 — 200 p.s.i.) but has stated that
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this pressure often reaches 35 kg/cm? (500 p.s.i.) and can even exceed 60 kg/cm? (850 p.s.i.).
On the other hand, some experiments conducted at the experimental factory at Audubon
Park? indicated that the reaction of the trashplate was proportional to the total pressure F,
and approximately equal to half this total pressure. These results, as indeed their authors sug-
gest, seem to err on the high side. Finallly, some cross-checking, and particularly some tests
by Varonas, which we interpret moreover in a manner slightly different from that of its
author, and a test carried out at our factory of la Mare, lead us to the view that, in industrial
mills, the proportion of the load absorbed by the trashplate would be in general of the order
of 20~ 30% of the total hydraulic load. The Sugar Research Institute at Mackay® agrees on
this order of magnitude.

Munson, who suggested the tests at Audubon, considers that the setting of the trashplate
has little effect on the value of this reaction, although the highest values are generally
reported for very low settings, whether the plate be fixed high or low, the bagasse ac-
cumulates to the point where the thickness of the layer corresponds approximately to a cer-
tain constant reaction, which we have just estimated at 20— 30% of the hydraulic pressure
exerted on the top roller. We share this point of view provided, obviously, that the trashplate
is not set too high or too low. If it is correct, there will be no need to consider the setting,
which fortunately simplifies the problem.

r O
\

F2

0.8p! A

Fig. 10.12. Constancy of the sum of the two reactions; feed and delivery.

S0 then, 20 - 30% of the hydraulic pressure P being absorbed by the trashplate, there re-
mains only some 75% to exert the pressures £ and F, a the entry and delivery openings.
If we produce the lines of these forces to their point of intersection O, centre of the top roller,
and project them on the vertical line (Fig. 10.12), we have:

F, cos% + F, cos2 = 0.75P

whence;

Fi + F, = C' =~ P (10.7)



130 PRESSURES IN MILLING | Ch. 10

which shows that the sum of the reactions F\ and F, remains constant even though their

relative values may vary. (We shall see later (p. 164) a more accurate value for this sum.)
We can therefore enunciate the following principle:

Principle. The sum of the forces acting on the assembly of the working bearings of a mill
has a constant value, which is approximately:

P+F, +F,=P+P=2P (10.8)

Crusher. For a crusher, the sum of the forces acting on the assembly of the 4 active bear-
ings obviously has the value (Fig. 10.9):

F+ F= 2P (10.9)

We see then that for an equal pressure on the top roller, the forces acting on the group
of bearings of a crusher are approximately equal to those acting on the bearings of a mill.

Definitions
We shall use henceforth the following nomenclature and abbreviations:
t.h.p. = Total hydraulic pressure (or total hydraulic load) on the top roller. It is the

number of tonnes obtained by multiplying the total area of the two pistons, in
cm? (sq.in.), by the oil pressure expressed in tonnes/cm? (tons/sq.in.)

s.h.p. = Specific hydraulic pressure. This is the figure obtained by assuming the t.h.p. to
be uniformly distributed over a rectangular plane surface of length equal to that
of the rollers and of width equal to one-tenth of their diameter. It is expressed
in tonnes/dm? (tons/sq.ft.):

t.h.p. 10 (t.h.p.)
hp, = P 10QA-p) 10.10
Sh-p = 0D I (10.10)

r.h.p. = Resultant hydraulic pressure (or hydraulic load). This is the component, either
on the feed side F\, or on the delivery side F;, corresponding to the t.h.p. In a
crusher, r.h.p. = t.h.p.

s.r.h.p. = Specific resultant hydraulic pressure:

10
srhp = = (10.11)

PRESSURES IN MILLS

Phenomena influencing pressure in mills
It has long been believed that bagasse passing between mill rollers travels at a speed equal
to the peripheral speed of the rollers which move it. The first edition of this manual was bas-
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ed on that hypothesis; but more precise measurements have shown that this is not correct.
As long ago as 1928, Egeter in Java had stated that the volume of the compressed bagasse,
as it passes between the rollers, is greater than the volume generated by the rollers. He en-
countered much scepticism, as even technical people found it difficult to imagine a flow of
material submitted to such pressures. More careful measurements in industrial mills, and
laboratory experiments, particularly those of Bullock and Murry in Australia, have shown
decisively that there is hardly ever equality between the volume of compressed bagasse and
the volume generated by the rollers.

This phenomenon is still not very well understood, but may be explained in the following
manner. Let us consider a layer AB of prepared cane or bagasse entering a mill (Fig. 10.13).
Let us visualise vertical equidistant bands AB, CD, etc. as if they were marked in red, in this
layer of bagasse. When these bands approach the rollers they will be disturbed by the com-
pression of the bands preceding them; the material located on the surface and coming in con-
tact with the rollers will be carried along by friction, but will drag the interior layers forward
to a lesser extent only, particularly as they encounter greater and greater resistance due to
the fact of the increased compression. Thus the bagasse has a tendency to flow back towards
zones of lower pressure. These bands accordingly will at first bend backwards and, when the
space between the rollers becomes very narrow, they will form pockets in the middle layer.

This material, however, is not solid like metallic fibre, nor fluid like steel on the point of
melting; it consists of solid fibres and liquid juice. Under the influence of pressure, the cell
walls burst, the juice tends to escape towards the zone of lower pressure and flows back
through the fibrous mass towards the free exterior spaces M and N. At N, it escapes to the
juice pan; at M, it cannot escape except by traversing the whole bagasse layer where it is not
yet under pressure. It thus saturates the material and so contributes to increasing the propor-
tion of juice therein and consequently the proportion which is trapped and carried on
towards the opening.

\\V -

Fig. 10.13. Formation of semi-liquid pocket. Fig. 10.14. Distribution of pressures on the roller.
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A new factor now comes into play; the permeability of the fibrous mass. This permeability
is very high in loose bagasse but drops abruptly when the pressure increases and becomes
practically nil at very high pressures, as demonstrated by Bullock and Murry. Thejuice which
has not been able to escape in the zone of high permeability, or low pressure, thus finds itself
trapped. There arrives then at the zone of very high pressures, towards PQ, a material con-
sisting of juice intimately intermingled with fibre. This material assumes under such pressures
the state which Linley has described as "semi-liquid" (Murry?); it possesses peculiar proper-
ties, and the liquid shows a violent tendency to squirt through the first available opening,
probably taking with it a certain proportion of fibre.

The juice which has thus been trapped in the middle of the bagasse layer forms a pocket
which is well depicted by our distorted vertical bands (Fig. 10.13). We shall now consider
what happens to this pocket of material: when it arrives at the axial plane OO ', it finds ahead
of it a zone of decreasing pressures. The liquid will then obviously be thrown forward and
will find in front of it a bagasse relatively dry and expanding like a sponge, in which it will
immediately be re-absorbed. We see here one of the deficiencies of the crude system of ex-
traction provided by the milling process;, an enormous amount of energy is expended to
release the juice, but alarge fraction of the juice thus liberated is immediately lost again by
re-absorption. This disadvantage is a matter of the nature of the materials and would be very
difficult to overcome.

Consider again the pocket of juice: in the last inch preceding the axial plane OO, the
opening between the rollers is barely greater than that at the axial plane. If it is 0.80 in. at
OO0', itwouldbe0.81l in. a ; in. beforetheaxial plane. It isreadily seen that, in the semi-
fluid state described, squirting through the delivery opening will actually take place well
ahead of the axial plane. However, as soon as squirting takes place, the pressure falls or at
least ceases to rise. It follows that the maximum pressure takes place not at the axial plane
but in an earlier plane, in the neighbourhood of PQ, called the "neutral plane”.

The distribution of pressure in the mill is thus displaced towards the feed side (Fig. 10.14)
relative to what is assumed in picturing the maximum as being at the axial plane. It is pro-
bably practically constant between the neutral plane and the axial plane, and falls off rapidly
beyond the latter. We have represented these pressure changes by ordinates placed on the cor-
responding radii of the top roller.

The neutral plane PQ may be located at 25 - 50 mm (1 —2 in.) before the axial plane. The
squirting, or at least the flow at a speed above that of the rollers, commences at the neutral
plane and finishes just after the axia plane.

A certain proportion of juice therefore passes through YZ (Fig. 10.13)at a higher speed.
It is possible that this is a small proportion squirting at high velocity through the medium
layer xx' (Fig. 10.14); it is possible also that practically all the juice passes through the
fibrous mass at a speed only 10, 20 or 50% higher than that of the rollers. It is possible finally
that the juice, being thrown forward in this way, entrains with it some solid material. The
term "extrusion" is applicable to this latter hypothesis: there is an extrusion of the solid —
liquid material under pressure through the delivery opening.

The term "re-absorption” is applicable in any case, since it refers to juice passing through
the opening at increased velocity and becoming re-absorbed after the delivery opening in a
mass of bagasse which has been deprived of itsjuice and is in a condition to absorb moisture

eagerly.
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Re-absorption factor or excessspeed coefficient
We may use to term "excess-speed coefficient” for the ratio r of the mean speed of the
material through the opening to the peripheral velocity of therollers. This ratio is also called
the "re-absorption factor”, or "coefficient of dip". The latter term is hardly appropriate,
since one does not normally think of a negative slip at high pressures; "forward-slip factor"
would perhaps be a more descriptive term.

This factor is easily calculated, when the volume of material is known as well as the volume
generated by the rollers:

Ve

r = re-absorption factor
Vg - volume of the bagasse as it passes through the delivery opening
Vr= volume generated at the delivery opening by the rotation of the two rollers.

The ratio r increases with degree of compression. When it reaches unity, the phenomenon
of re-absorption has actually already commenced. If we consider a mill with a very wide
opening, the phenomena due to very high pressures and which we have described above will
not be produced. Loose bagasse, however, except the layer in contact with the roliers, is not
dragged forward bodily at the peripheral velocity. Slip therefore occurs and the ratio r is less
than 1. The term "coefficient of dip" is then fully justified. It reaches unity only when, the
pressure increasing or the mill being closed in, re-absorption commences and becomes suffi-
cient to compensate the normal slip. It is no cause for surprise that the graph obtained in
practice, giving the extraction as a function of increasing tonnage, for a mill with a given
opening, crosses the theoretical curve (Fig. 10.15). (We understand by the theoretical curve
the curve which would be obtained in the absence of re-absorption, i.e. if al the bagasse
material was moved forward at the peripheral speed of the rollers.) There would otherwise
be no explanation for the part of the graph corresponding to values of r less than 1.

Extraction \ \('/
0
e,
(2

Tonnage
0 -

Fig. 10.15. Theoretical and practical extraction curves.
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Densities of fibre, cane and bagasse

One of the first questions which arise is: how can the volume of the material under pressure
be measured? It is apparently very variable, and depends on its fibre, its state of subdivision,
the size and the shape of the pieces, on the thickness of the bagasse layer (a thick layer com-
pacts more than a thin layer), on the brix of the juice, etc.

No-void volume. These variations and these sources of uncertainty are much reduced if,
instead of the apparent volume, the no-void volume of the material is used. The material con-
sists of two substances: fibre and juice.

A. Fibre. The density of fibre is now well known. The density of cellulose being 1.55, that
of the fibre cannot differ greatly from this figure. The best determination which has been
made is that of Pidduck®; this gives:

5 = 1512 + 0.000023 p (6 = 1.512 + 0.00000161 p) (10.13)

6 = specific gravity of cane fibre under a pressure p

p = pressure to which the fibre is subjected, in kg/cm? (tons/sq.in.)
The value of 1.512 is given with a precision of + 0.01.
At:

Atmospheric pressure: 6 = 1512
100 kg/cm? (1,400 p.s.i.): 6 = 1.514
500 kg/cm? (7,000 p.s.i.): 6 = 1.523

There will be no significant error if we adopt a figure of 1.52 for fibre under pressure in a
mill.

B. Juice. In Javait was considered that the liquid fraction of the cane consisted of (a) juice
proper, of variable density; (b) water of constitution or hygroscopic water, which is practical-
ly pure water or at least of very low brix; this is closely associated with the fibrous material,
and even the highest pressures cannot separate if from the fibre. It was estimated that this
water of constitution amounted to 25% of the weight of fibre; others estimated 20%. Tests
made by Van der Pol in South Africa had given approximately 30% but have later® been cor-
rected to 20%. This proportion, moreover, varies in the course of the season. If we adopt
avalue of 20%, the no-void volume of a kilogram of cane or bagasse would have the value:

f N n _
VO _ V.oV J“ Il i l.20f (10.14)

" 5> 1 g

Vo = specific no-void volume of cane or bagasse, in dm?/kg (for cu.ft./lIb. x 0.016)
| = fibre per unit of cane or bagasse
d; = density of juice (or of mixture of juice and imbibition water).

This may be written:
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1 1.20
N = - —{-—— 0386 10.15
N ( i )f (10.15)

The density of juice d;, under atmospheric pressure being known, its density &,under a
pressure p (kg/cm? or 1b./sq.in.) has approximately the value:

d,;= dj, (1 + 0.00004p) (d,= dy, (1 + 00000028 p) (10.16)

Or, with sufficient accuracy for juice under pressure in the mill:

d,= 101 dj, (10.17)

Consider first the case of cane: d;, = 1.07-1.09, say approximately 1.08; / =
0.10-0.15:

Minimum; Vg = -————— - { — — - 0.86}0.15 = 0.874 or: = 1144
INIMUM: >0 = 700 X 1.01 (I.O9x1.01 ) 2o

. i 1.20
Maximum: Vo = — — 8610.10 = 0901 or: 4. = 1.110
0 107x10:|(\107x101’ / e

no-void density of cane under pressure: no significant error will be involved if we adopt

d. =
d, = 1.12 kg/dm? (70 Ib./cu.ft.).
Consider now the case of first bagasse: d = 1.06- 1.08;/ = 0.30-0.36:
Minimum: V, — - (L'ZL - 086l\0 36 = 0830 or: dip = 1204
7 T 108 x 100 \Los X 101 VA ' S BT
1 .20 086(030—08560r dn= 1.169

M Vo= -+ | 4
aximum: Vo = o o 101 \1.06x 1.01

dg = no-void density of bagasse under pressure.
For a final mill: d = 1.01 -1.02;/ = 0.46— 0.54:

S

Minimum: ¥o = - Lo f L 086)0.54 = 0806 O djy = 1241
102 x 1.01 \1.02X 0T
. 20 ‘
Maximum: Vo = —(—— . -4 - (0.86)0.46 = 0.835 or: = 1.198
IMUm-¥o = 101 x .01 \1.0r x 101 ) Ba

Note: The above densities are given in kg/dm3; for conversion to ib. per cu.ft. they should

be multiplied by the density of water (62.4 1b./cu.ft.).
It is seen that the density of the bagasse is of the order of 1.20 kg/dm? (75 1b./cu.ft.).

Fibrague
The Dutch workers in Java considered the sum of fibre and water of constitution as a com-
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pound which could not be separated mechanically, since mills were not able to effect that
separation. They called this combination "natural fibre". We shall at times adopt this con-
cept but, to avoid any confusion, we shall give this combination the name of ‘“fibraque’’,
signifying fibre plus water.

As a general rule we shall suppose that the weight of fibraque represents 1.2 times the
weight of dry fibre.

Fibre loading
We shall use the term "fibre loading" to designate the weight of fibre per unit area described

by one of the mill rollers. We have:

g=Y_ A (10.18)
S 60 rnDL

fibre loading, in kg/m? (Ib./sq.ft.)

crushing rate, in kg/h (Ib./h}

fibre per unit of cane

area described by a generatrix of the top roller in 1 hour, in m? (sq.ft.)

length of rollers, in m (ft.)

mean diameter of rollers, in m (ft.)

rotational speed of rollers, in r.p.m.

S gy "o

The fibre loading varies greatly. A mean order of magnitude would be, for example: q =
12 kg/m? (2.5 1b./sq.ft.). However, as we have seen (p. 125), the layer of cane or of bagasse
should, other things being equal, be proportional to the roller diameter. Since the fibre
loading itself is proportional to the thickness of the bagasse layer, it follows that, in order
to compare the loading of two mills of different roller diameters, that is to say the work
which is required of them, it is necessary to relate the fibre loading to the diameter. Hence
the concept of "specific fibre loading":

Specific fibre loading: r = Z (10.19)

T = specific fibre loading in kg/m?/m, i.e. in kg/m? (ib./cu.ft.).
The specific fibre loading, obviously less variable than the fibre loading, is of the order
of 16 kg/m? (1 Ib./cu.ft.).

Apparent volume

The apparent density of cane, including voids, corresponding to the apparent volume which
it occupies on the carrier or at the entry to the mill, under zero pressure, depends on the
degree of preparation. Murry® gives as a close approximation:

Fine Medium Coarse
do 0.660 (41.2) 0.634 (39.6) 0.548 (34.2) kg/dm? (Ib./cu.ft.)
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It is thus of the order of 0.6.

It is valuable to know the apparent volume of the cane or the bagasse as presented to the
mill, since the lower this volume, the more the feeding of the mill is facilitated. In order to
measure this apparent volume, we shall make use of the "compaction coefficient”, which
we shall define as follows:

weight of fibre

Compactibn coeffftient = / = _
total apparent volume of the material

(10.20)

expressed as kg/dm? (Ib./cu.ft.).

This coefficient is of the order of 0.08 —0.09 kg/dm? (5—6 Ib./cu.ft.) for cane and for
bagasse, in the absence of forced feeding. It is independent of the moisture content. It has
been demonstrated in Australia'® that it remains practically unchanged whatever the imbibi-
tion, except at the first addition of water, which causes a slight compaction of 4%. With in-
creasing imbibition it varies by less than 2% when the imbibition per cent fibre varies between
limits as wide as 88 to 454, which are far below and above normal industrial values.

This coefficient could be defined as the ratio of volume of fibre to the total apparent
volume, thus obtaining a dimensionless coefficient, which is desirable. This would be simply
our coefficient t divided by the density of fibre; but the advantage of the coefficient
weight/volume (egn. (10.20)) is that the weight of fibre is readily obtained, whereas the
volume would necessitate the additional step of division by 1.52 for metric units, 95.0 for
British units; moreover, the weight of fibre represents approximately the volume of fibre plus
water of constitution, or in other words, the volume of fibraque. It would represent this ex-
actly if the water of constitution amounted to 34% of the fibre. Since the water of constitu-
tion cannot be extracted, this volume could be considered as the ideal minimum to which the
mills should be able to reduce the material presented to them. Actually, this ideal is still
beyond the capability of actual mills.

Thus in expressing ¢ as weight per unit volume, we have in effect the practical equivalent
of a dimensionless coefficient, representing in our opinion practically a ratio of volume per
unit volume.

Fibre index

Another quantity necessary for the study of milling work is the quantity of fibre which can
be made to pass through the delivery opening of a mill. For this purpose the weight of fibre
passed through the opening in unit time is related to the volume generated by that opening
when operating, in the same unit of time. This ratio thus bears a certain relationship to the
compaction coefficient; both expressions have the same numerator, expressed in a ratio, in
the former case to the volume before pressure is applied, and in the second case to the
theoretical volume under pressure. As we have seen (p. 135) that fibre is almost incompressi-
ble, the quantity of fibre which can be passed through the mill will depend mainly on two
factors: (1) the quantity of juice which will pass through with it; the lessjuice, the more space
for fibre; (2) the re-absorption factor; the higher this factor, the more fibre will pass through
a given opening. :

The fibre index, or weight of fibre per unit escribed volume, is defined as:
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weight of fikve passed. thrugh. rhe. opening -
escritred’ volume of the opening (g/dm?) (10.21)

Fibreindex = ¢ =

In British units it is expressed as Ib./cu.ft.

This coefficient, generally applied to the delivery opening of a mill, can equally well apply
to the feed opening. At the delivery, it varies for example from 400 to 880 g/dm? (25 to 55
Ib./cu.ft.). It increases along the milling train, being minimal at the first mill and maximal
at the last mill.

In order to show better the significance of this figure, we may recall that first-mill bagasse
of 32% fibre contains 320 - 0.86 = 372 g of fibre per dm? of no-void volume (23 1b./cu.ft.);
and that a final bagasse of 55% fibre contains 500/0.82 = 610 g of fibre per dm? of no-void
volume (38 Ib./cu.ft.). The differences between the fibre index and these figures are due to
the re-absorption factor.

When expressed, like the compaction coefficient, in kg/dm?, the fibre index can also, for
the same reasons, be thought of as representing a ratio of volume to volume: the ratio of
volume of fibraque to escribed volume. It is similar in this sense to a dimensionless coeffi-
cient, and thus represents the ratio of non-extractable volume to escribed volume and thus
expresses the effort of compression exerted by the mill on the material. As it represents in
this way a ratio of volume to volume, it is therefore in general lower than 1, except in the
case of high re-absorption.

Compression ratio

The principal factor which determines the extraction in a mill is the degree of compression,
I.e. the decrease in volume to which one subjects the material from which the juice is to be
extracted. In the absence of a convenient means of measuring the re-absorption factor, the
apparent decrease in volume is measured, and this is expressed by the "compression ratio”
introduced by Bullock:

_ no-void volume of the material entering the mill ‘i
volume available for the compressed material NS

The compression ratio of a mill, or more precisely the compression ratio corresponding
to the passage of the material between two rollers (for compression ratio may be applied
either to the feed opening or the delivery opening), is the maximum value assumed by this
ratio cin the course of the passage through the mill, i.e. the value corresponding to the open-
ing in the axial plane. We shall designate this by c4:

B no-void volume of material entering the mill (10.23)
volume generated by the opening between the rollers

The compression ratio is really of interest only for a first mill, which receives cane of a
density which is well known. For the other mills, and even for the first, the fibre index is
more useful since, even in a first mill, the performance and the delivery opening depend less
on the volume of material presented than on the fibre.
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Opening between rollers
There are two openings between mill rollers which are of interest; in other words, two spaces
corresponding to particular generatrices of each of these two rollers:

(@) First, the opening in the axial plane of the two rollers, which we shall designate briefly
as "axial opening". If this opening has avalue e, the value which is interesting, and which
will express whether the mill opening is large or small, is the ratio:

€4
€4 = — (10.24)

L’

as will be immediately understood by a reference to Fig. 10.8 and to the considerations of
p. 126. In other words, a mill with rollers 50 cm (20 in.) in diameter, for example, with an
opening €4 - 125 mm (3 in.), iS open to the same extent as a mill with 100-cm (40-in.)
diameter rollers, with opening e, = 25 mm (1 in.). Both of these have the same value e,
= 0.025.

We shall designate this ratio ¢, by the term "specific opening of the mill".

(b) Secondly, the opening in the vertical neutral plane (cf. p. 132). We shall designate this
opening by e, and we shall be interested in the same way or particularly in the value:

en

L7

If we recall that the neutral plane is that in which the material has the same mean speed
as the surface of the rollers, we see that it is the space e,, which permits us to calculate very
simply the volume of cane or bagasse passing.

There is a very simple relation between these two openings:

Eny T ey O ey TEy (10.26)
which is essentially the definition of r (cf. eqn. (10.12)).

Postion of neutral plane

It is interesting to know the position of the neutral plane. We shall fix it by the angle v bet-
ween the corresponding radius of the roller and the axia plane (Fig. 10.16) and will adopt
the method of calculation of Murry!!. Let us consider a point P of the top roller and the
corresponding point Q on the lower roller. Let the angle YOP = 4. Thethickness h (= PQ)
of the layer of bagasse at this point has the value:

h=D(@ -cos9 + e, (10.27)
or.

h=D(@ + €. - cosd (10.28)
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Fig. 10.16. Position of neutral plane.

Let v be the peripheral speed of the rollers and u the mean speed of the material passing
through the mill, that is, such material as remains after the delivery, excluding the juice ex-
tracted by the two rollers which passes neither the neutral plane nor the axial plane. Let ¥y
be the volume of this material. At the point P, we have:

V V
- s B (10.29)
Lh LD + ¢, -cost
L = length of the rollers.
But:
Vg —=r Vg (¢f. eqn. (10.12))
Ve = volume generated by the axial opening.
Or:
Vp=re, VL (10.30
Hence:
re, vL reqv
S - - (10.31)

uH = - - S - - -
LD(+ e4 -cosf) 1 + €4 - coséb

The horizontal component of the roller speed has the value v cos G. The position of the

neutral plane will be given by the value of 0 which we shall call v at the neutral plane, for
which:

r EA v
VoSV = U = ———
1+ e, -cosv
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or.

Hence:

cos2v - (\ + eg)cosv +re, =0

1 + e 1+ €4\
cos V= —-— % \/\75 Y- rey (10.32)

Giving typical values to ¢, and r, we obtain Table 10.1.

TABLE 10.1

VALUES OF COS V AND V

€4
r 0 O_ O 002 0.05
1 cos V = 1 cos V= 1 CosSV = 1 cospy = 1
v =0 p=20 vy =0 r =0
1.2 cosv =1 cos v=20.98 cosv=096 cosv=0.98
p=20 v = 3° 39’ v =>5°11" v = 8°21’
1.5 cos v=1 cos P=0.95 cosv =090 cosv=0.973
p = 0 =

P = 5°47 p = 8° 14’ p = 13022’

Compression (Hugot)
In our first edition, we had expressed the degree of compression effected by the mill by adop-
ting the definition:

e
"Compression” = C = I—T (10.33)
C = maximal theoretical compression undergone by the bagasse in its passage through the
axial plane of the mill
e, = opening between the rollers, in the axia plane

H = thickness of the layer of material, before entry to the mill.
We know now that the true compression is only:

c= 2= (10.34)
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The graph of theoretical compression had been established from Noel Deerr's experiments
on static compression of bagasse, based on a compaction coefficient of 0.07 kg/dm? (4.4
Ib./cu.ft.).

This "compression" was, therefore, except for a numerical coefficient, the inverse of
Bullock's "compression ratio”. The numerical coefficient is involved because our figure was
based on the loose bagasse, as the starting point for Deerr's experiments, corresponding to
a pressure of 77 g/cm? (1.1 1b./sq.in.) and a compaction coefficient t of 0.07 kg/dm? (4.4
lb./cu.ft.), whereas the compression ratio is based on the no-void volume of the material (t
= 0.12-0.16kg/dm? (7—10Ib./cu.ft.) for cane (0.40 - 0.60 kg/dm?3, (25 - 38 Ib./cu.ft.) for
bagasse) (cf. p. 143).

Relationships between the various coefficients

1. Fibre index ¢. We have (cf. egns. (10.18) and (10.21)):

whence:

o= ~ =~ = (10.35)
eA eA €A
-
¢ = fibre index, in kg/m® (Ib./cu.ft.)
g = fibreloading, in kg/m? (Ib./sq.ft.)
T specific fibre loading, in kg/m? (Ib./cu.ft.)
e, = opening between rollers, in m (ft.)

m

4 = specific opening = e,/D
D = diameter of rollers, in m (ft.).

Let us follow the cane along the mills. Let B be the weight of bagasse leaving a mill and
I' the fibre content of the bagasse. Writing that the weight of fibre remains constant, we
have:

Bf' = Af B=A (10.36)

B = weight of bagasse leaving one of the mills, in kg/h (Ib./h)
I' = fibre per unit weight of this bagasse

A = crushing rate of the mills, in kg/h (cane) (Ib./h)

/= fibre content per unit of cane.

But we have (egn. (10.18)):
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o
whence:

Bf' = q5S B = :f (10.37)
Moreover, in the delivery (or feed) opening of the mill:

B =r Vgdg =re, Sdg (10.38)

r = re-absorption coefficient
Vg= volume generated per hour by the opening, in m*/h (cu.ft./h)
dz = density of the compressed bagasse, in kg/m?* (tb./cu.ft.)
S = area described (escribed area) by the top roller, in mVh (sq.ft./h)
e4 - opening between rollers, in m (ft.).

Hence, by egns. (10.38) and (10.37):

B q> q
- S s S 10.39
€, Sdy rf' Sdg rf> dy ( :
Hence from egn. (10.35):
0 = rf'dg (10.40)

Equation (10.39) will be useful in problems of mill settings (¢f. p. 208); it permits calcula-
tion of the opening e, when the re-absorption coefficient is known, the three other quan-
tities g, /* and dz being given by the chemical control or being readily calculated.

Itis seen by egns. (10.35) and (10.39) that, for the same crushing rates of the mil, the axial
opening e, is inversely proportional to the fibre index ¢:

e =g (10.41)

2. Compression (EH). In the same way, we have (¢f. egns. (10.20) and (10.33)):

t = compaction coefficient, in kg/m3 (Ib./cu.ft.)
V4~ total apparent volume of the material entering the mill (m?3).
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Hence:

LA _ A e

Cew YE Seyq €4

It must be kept in mind that Cgassumess = 0.07 kg/dm? (4.4 1b./cu.ft.). We have then*:

0.07 0.07e, €4 / 4.4 €y EA)
Cppy = = 2 _ 007 - =44 2= 2§ (10.42)
EH (b q T \ EH ¢ q F

Cgyy = “‘compression”, starting from a material of compaction ratiot = 0.07 kg/dm? (4.4
Ib./cu.ft.).

3. Compression ratio C, (Bullock). The compression ratio of Bullock is applicable mainly
to cane, at the first mill. We have:

é A
. no-void volume of material entering the mifl _ S _ Ge
A Vi sey AF
%4
Q.
or:
q 09 ¢g
c,= 4 (= —) 10.43
4 d. fe, ( fea (10439
or:
¢ 09 ¢
C, = (: y#) ((10.44)
fa,. f
4. Fibre index and compaction coefficient. We have:
weight of fibre weight of fibre
! = - . 0 — —
total apparent volume of material escribed volume
hence:
¢ - total apparent volume of material entering the mill _ E (‘10 45)
t escribed volume Ve '

* Nomenclature, p. 175.
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Static compression

Let us consider a certain quantity ofloose bagasse, i.e. not compressed and in the condition,
for example, in which it arrives at one of the later mills (Fig. 10.17a). Its apparent density,
I.e. the weight per unit volume in bulk of this material, does not have a definite value,
because it depends on the quantity of water contained in the bagasse, or absorbed by it. If
we add water, for example by applying it to the bagasse by means of a spray, the volume
is hardly changed, but the weight will become increased by the quantity of water applied.
The bagasse has, in effect, much like a sponge, a great ability to absorb water: about 5— 10
times its dry weight.

L N
H “{ﬁd{%-i
&; LY 1
g&,é & h y L
a b

Fig. 10.17. Compression of the bagasse.

But there is one property which does not vary much in the loose bagasse, in its condition
as it reaches the later mills. This is the weight of fibre which it contains per unit of volume.
This weight is approximately 65 kg/m® (4 Ib./cu.ft.).

If, on thisloose bagasse, we apply agradually increasing pressure (Fig. 10.17b), its volume
will decrease, rapidly at first, more slowly later. We use the term "compression” for the
ratio:

c = (10.46)

of the volume of the compressed bagasse to that of the loose bagasse.

The volume of the compressed bagasse has a value which is rather more precise than that
of the loose bagasse. All the reasoning which follows will, however, be based on this volume
of loose bagasse, rather inaccurately measured, as at the starting point before pressure is ap-
plied: it will thus be easier to grasp, and less abstract. But it will be understood that, in prac-
tice, when it is necessary to transpose our arguments or our theoretical calculations into
figures, this will always be done on the basis of the weight of fibre per unit volume, which
is the only definite value.

The relationship moreover is simple. Let:

S = area of bagasse involved,

t = weight of fibre per unit volume of loose bagasse,

t’ = weight of fibre per unit volume of compressed bagasse,

and remembering that the weight of fibre is the same before and after compression:

Ht =Sht’
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whence;

h

—_t
H t'

We have then:

h t
— 10.47
oo (10.47)
In other words: the compression of the bagasse, or the ratio of the thickness of compressed
bagasse to that of loose bagasse, may equally well be measured by the ratio of weight of fibre
per unit volume of loose bagasse and compressed bagasse.

TABLE 102 TABLE 10.3
EXPERIMENT BY DEERR: RELATION VALUE OF THE EXPONENT IN EQN. (10.48) AND VALUE OF THE
BETWEEN THICKNESS OF A LAYER OF "COMPRESSION" OF THE Bacasse, AS FUNCTIONS OF THE
BAGASSE AND THE PRESSURE EXERTED PRESSURE
Pressure (kg/cm?) Compression Pressure (kg/cm?) Exponent Compression
0.077 100 1 2.51 0.5432
0.429 68.2 2 2.515 0.4116
0.780 57.7 4 2.54 0.3087
1.132 50.7 6 2.58 0.2591
1.483 448 8 2.64 0.2275
1.835 40.8 10 2.70 0.2059
2.186 39.3 12 2.78 0.1888
2.538 36.2 15 2.92 01697
2.889 336 20 3.18 0.1483
3.241 31.8 25 3.46 0.1347
3.592 303 30 3.73 0.1255
3.944 29 35 3.99 0.1190
5.835 24.1 40 4.22 0.1142
11.389 185 45 4.425 0.1105
23.269 147 50 4.605 0.1076
33.744 11.6 60 490 0.1032
45 11.4 70 5.115 0.1000
494 1 80 5.28 0.0975
83.9 102 90 5.405 0.09545
112 9.2 100 5.503 0.09373
168 8.56 120 5.638 0.0909
224 8.12 150 5.76 0.0876
279.2 7.9 200 5.86 0.0836
335.9 7.68 250 591 0.0806
391.9 7.46 300 5.937 0.0783
447.7 7.25 400 5.964 0.0747
503.8 7.02 500 5.977 0.072
559.5 6.91 600 5.984 0.070
615.6 6.80 700 5.988 0.0681
727.4 6.70 800 5.991 0.0666
839.4 6.58 900 5.993 0.0653

1.000 5.994 0.06417
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Relation between pressure and compression
Evidently there exists a relationship between the compression of the bagasse and the pressure
exerted to accomplish it. Noel Deerr made a study, now old, but so far a standard work, of
this relationship. He has not made a complete mathematical study of it, though this is pro-
fitable. Bullock'? has repeated these experiments in greater detail, and has verified his con-
clusions. These experiments of Noel Deerr have the disadvantage that they were made under
static pressure conditions, by means of a piston acting on bagasse placed at the bottom of
a cylinder; the juice thus could not escape in the same manner or in the same direction as
with bagasse subjected to pressure in the nip of two rotating rollers. It is therefore necessary
to relate the results of Deerr to those obtained in industrial practice; however, they do pro-
vide a useful basis from which to commence the study of pressures in milling.

We give in Table 10.2 a summary of the experiments of Noel Deerr. We have plotted the
results on the graph (Fig. 10.18) where they are represented by the separate black points.

It is evident that at the beginning a light pressure is sufficient to reduce greatly the
thickness of the bagasse. Then, in the neighbourhood of 20 kg/cm? (300 p.s.i.), the resistance
increases quite abruptly, and higher and higher pressures are necessary to obtain a given
degree of further compression. Above 50 kg/cm? (700 p.s.i.) the layer of bagasse becomes
less and less compressible, and a pressure 10 times greater, say 500 kg/cm? (7,000 p.s.i.),
reduces the thickness of the layer only in the ratio of 11 to 7.

Expressed as a formula, the relationship between the pressure exerted on the bagasse and
the compression which results, may be written*.

70 1,000
(10 ¢y (o= (10 o) /) (1048)

where

5,800 [ 1.17 x 10

= 6 - A n =tn —
n 0? + 1,660 { pz+ 335 X 103)

p = pressure exerted on the bagasse, in kg/cm? (p.s.i.)
¢ = compression of the bagasse, defined by egn. (10.46).

The exponent occurring in the denominator being somewhat complex, we give in Table
10.3 the values of this exponent and of ¢ for various values of p. An excellent agreement will
be noted between the values given by egn. (10.48) and the results of Noel Deerr. The slight
divergences are due to experimental errors, as is evident from the irregular nature of the
broken line which would be necessary to join the points scattered on one side or the other
of the curve in Fig. 10.18.

* |mportant equations are given in both metric and British units.
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Fig. 10.18. Relation between pressure and compression of bagasse.

Equation (10.48) is interesting, but not easy to handle. Fortunately, for al values ofp >
50 kg/cm? (700 p.s.i.) it may be replaced with great accuracy by the simplified formula:

70 { 1,000
"o \P=(ioen/ (1049

It is evident from the graph of Fig. 10.18 that the curves representing egns. (10.48) and
(10.49) practically coincide beyond p = 50 kg/em? (700 p.s.i.). ‘
However, Noel Deerr's tests were done in the laboratory, under static conditions. Now,
G. H. Jenkins has shown'3 that the pressure required in amill to obtain a given compression
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cisappreciably greater than the static pressure recorded by Noel Deerr for the same compres-
sion. He explains this divergence by the additional pressure necessary to expel the juice
through the layer of bagasse in the short interval of time between the moment when the juice
begins to be expressed and the moment when it passes the axial plane of the cylinders.

As we are interested here only in the pressure in the mills, we shall make use of Jenkins'
results to reconcile the results of Deerr with industrial practice. The ratio of the dynamic
pressure in amill and the static pressure corresponding to the same compression varies accor-
ding to the state of subdivision of the bagasse and the speed of expulsion of the juice. Taking
the average conditions, and working from the most representative points of Jenkins’ ex-
periments, we shall take for mill conditions:

88 1,250

Graph of pressure in the mill
We now know the law relating pressure and compression. It becomes of interest to study the
behaviour in the mill.

We shall first disregard re-absorption and study the case of pressure between two rollers,
assuming the re-absorption factor r = 1, i.e. the case where the neutral plane coincides with
the axial plane.

Fig. 10.19. Pressure in the mill.
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Let us consider any two rollers, which could be, say, the rollers of a crusher, the two feed
rollers, or the two delivery rollers of a mill.

Let

D = mean diameter of rollers, in m (ft.)

R = mean radius of rollers = D/2, in m (ft.)

H = thickness of the layer of loose bagasse entering the mill, in m (ft.)

e 4 = distance between the mean surfaces of the two rollers, measured in their common axial

plane, in m (ft.)
X - distance from the point where the layer of bagasse meets the roller to the axial plane
of the two rollers (Fig. 10.19), in m (ft.).

The calculation of pressure was done in the second edition. It rests on the hypothesis that
the layer of loose bagasse and the layer of compressed bagasse both move at the same velocity
in a horizontal direction.

M. A. T. deBoer, engineer with Stork - Werkspoor, has commented that the truc compres-
sion cannot be measured by the simple ratio #/H. In effect, in order to correspond to Fig.
10.18 and the experiments of Noel Deerr, it is necessary that the material before, during and
after compression should correspond to the same bagasse, in other words, to the same weight
of fibre.

Let v be the peripheral speed of the roller during unit time (e.g. 0.01 s), during which the
surface advances by ds. Consider the vertical section of compressed bagasse between the ele-
ment ds and the element ds’ symetrical with the roller 0’ (Fig. 10.19). The section PP’
describes the volume kLv cos POM (L = length of roller). The compression at this point
has the value:

hLv cos POM h @3
" HLv cos AOM ~ H cos a 10/51) »
HLv cos AOM  H cos a (and not h/H) (10:51)

designating the angles AOM and POM by a and 8. The minimum compression thus has the
value:

€
C = A

= (10.52)
H cos a

We require to know:
(1) The mode of variation of the pressure, from the point A, where it is zero, to the point
M, where it is at a maximum
(2) The value reached at M and corresponding to this maximum
(3) The resultant of all pressures on all sections such as PP’, a resultant which obviously
must be equal and opposite to the pressure F acting on the top roller. (In the case of a mill,
the pressure F is obviously the r.h.p. on the side under consideration {cf. p. 130,
(Actually, the pressure exerted by the bagasse is equal to the pressure P increased by a cer-
tain component of the weight of the roller; but we shall always neglect this component: ()
to avoid complicating the reasoning; (b) because this component is small relative to the
hydraulic pressure; (c) because it is largely compensated by the reaction of the pinions, which
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we shall discuss later, and which we shall neglect in the same way (cf. p. 166) and for the
same reasons.)

Value of the pressure at any point. In Fig. 10.19, we have:

hcos8 e, +2R-2VR -x2 JR? <= x?
: - (10.53)

t = ———— = -

Hcos a H cos a

1 / xt  2(R? - x?)
= - + - - — T
c Hoosa [(eA 2R) /1 R R ] (10.54)

For all values of x which are low relative to R, we may replace the radical by its develop-
ment as a series to its first two terms:

- =1 =P ymm =D,
1 1.2
2
inwhich we put m = § and replacex by 2.
We then have: R
1 ( X2 ) 2x2
= +2R 1 - ) -2 il
¢ Hcosa[(eA ) 2R? R+ R]
e ()
Hcosa | A 2R? R
/ v2 \ 2 2 2
c=C {1 - - . 4+ =C(1—i‘*+i)
\" 2R?) RHcosa 2R?  Re,
or:
c (1 X? 10.55
= + e .
e=c | bie, ) (10.55)
2D - ey)

an expression easier to calculate than egn. (10.54), and giving values practically identical in
the region close to MM ', which moreover is the only one of interest.

This gives an excellent approximation for values of x < R/2. It is al the more admissible
since the error which it involves becomes entirely negligible in regions far removed from the
axial plane 0O’ where it diverges most from the correct values, the corresponding pressures
being infinitesimal compared with those obtaining in the region of the axial plane.

Substituting in egn. (10.50), we have the pressure p at section PP ':
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88 88 (metric units) (10.56)
] - A
L

We show (Fig. 10.20) the graph of a mill operating under the following conditions:

D = diameter of rollers: 1,065 mm (42in.)
H = thickness of bagasse layer at entry to rollers: 344 mm (133 in.)
K = working distance between rollers: 28 mm ( 14 in.)
g = fibre loading: 0.168 kg/dm?  ( 3.5 Ib./sq.ft.)

The pressure graph is that marked r = 1 on Fig. 10.20. These conditions correspond to

Y kg/o:t-n2

/l
=
) l [ A# / 2 00
oA

YA A
/ P

INRN A,

RAV. AV
// / ////¥
///&[/,,

r
”
N 1y
\
\Ql’\
|
Axial plane of roilers

=

X" 12em 1 0cCcrrnm 5cm 0 X

Fig. 10.20. Pressure between the rollers as a function of re-absorption coefficient r.
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an s.r.h.p. (cf. p. 130) of 13.6 t/dm? (124 t./sq.ft.), which is low, but necessary to envisage
zero extrusion.

The correction based on the tests by Jenkins consists of increasing the pressuresin the ratio
88/70; this relates the static pressure to the total dynamic pressure in amill, and arises partly
from the resistance to flow of the juices in the closed cylinder of the static experiment. The
angle a of which the cosine appears in the denominator of the fraction in egn. (10.52) also
playsapart: if it were the only cause, we would be able to obtain a rough idea of the practical
value by calculating:

cos® a = 3§ = 0.79545 cos a = 0.96258 a= 15-16°

This angle a corresponds to the moment where there is no air remaining in the bagasse layer
(density of no-void bagasse). It is obviously much lower than the apparent angle of contact.

The pressures developed at 10, 5, 3, 2 and 1 cm from the axial plane may be read off from
the ordinates for the corresponding distances measured from the axia plane. It will be
observed that practically all the pressure is exerted in the 5 cm (2 in.) preceding the axial
plane.

The area included between the curve and the x axis represents the total pressure (r.h.p.)
exerted by the top roller.

Delivery side. It is difficult to calculate and even to estimate the pressure on the delivery
side, beyond the axial plane. The pressure curves obtained by Murry'4 would give 15— 40%
of the pressure on the feed side. If we accept a mean value of 25%, it will be necessary to
multiply the result for the feed side (i.e. before the axial plane) by 1.25 to give the total
pressure. It is probable that this factor diminishes in proportion as the re-absorption in-
creases. it may, for example, drop from 1.30 to 1.20 when the re-absorption factor increases
from 1 to 1.25. In the absence of precise data on this point, we shall assume in all cases a
value of 1.25 independent of the re-absorption factor.

Calculation of the resultant reaction (no re-absorption)

The r.h.p. determines the compression of the bagasse, this compression being such that the
sum of the pressures in each section PP’ corresponds to the r.h.p. Asthe calculation is rather
long and complex we shall give it for simplicity in the metric system only.

As we have adopted the kg/cm? as unit of pressure, let us consider a section of thickness
1 cm measured along the length of the cylinder (like a slice of sausage). Referring this to Fig.
10.19, and plotting as ordinate (as we havejust done in the previous paragraph) the pressure
at each point P, the sum of all these pressures will represent the total reaction exerted by the
bagasse on the roller, a reaction equal and opposite to the pressure exerted by the roller on
the bagasse.

Since the relationship is irreversible on the delivery side, we shall limit ourselves for the
present to the left-hand side of the figure from the entry of the bagasse up to its passage
through the axial plane.

The total reaction or the total pressurep relative to the 1-cm section under consideration
has the value
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F= “pdx (10.57)

J U

p = pressure at the point P on an element of area dx (of length dxand depth 1 cm).
We have (in metric units):

(X 5= 28 rX dx (i
Jo ¥ 106 Jo r 2x2(D - e, 7s
ce 11+ -—ff‘_]
I D?ey

Value of X. We require the abscissa of the point corresponding to the entry of the bagasse.
Equation (10.53) gives, forc = L

[
w
o

S’

1=2C 2VR? - X
N H H
whence:
x= /A0 -0 [ D - H(I“Cl] (10.59)
2 2
Calculation of the integral. Let
D?e, X
E= = — 10.60
2(D - ey ‘T UE 0%
We have:
dz = iif:.
v E
and:
oo 88 (X ol _8VE (x dz (10.61)
(10 C)s Jo [, LX\¢ (0OF Jo@zz + 1)s
1+ =
\" " E]
Let:
_ (¥ dz 10.62
7T Jo @+ 1y (10:62

The calculation of this integral was done in the second edition. It has the value:

9753 ™ _ (296

YT 108642 2
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Substituting in egn. (10.61) and increasing by 25% for the delivery side, we have (in metric
units):

D?ey
88V E V 2(D - ey
Fi= 1.25x 03866 X — =425 — 4. (10.63)
(100)° (10 O)°

This expression (Fy)applies to a 1-cm section of the roller. For the full width of the roller,
the r.h.p. would be:

42.5 LD o °
' V2D -ey VD - e,
Fz=yF = 0 " g ps = A (10.64)
(10 O)¢ (10 O)¢

e, being small relative to D, and this approximation being minor after what has just been
applied for the delivery side, we may write:

30LDV e. [ RTLDV e,
F= - ___ F= —— -} (10.65)
(10 C)¢
F = total pressure exerted by the roller on the bagasse (r.h.p.), expressed in kg (Ib.)
L - length of the rollers, in cm (in.)
D - mean diameter of the rollers, in cm (in.)
e, - Mmean opening between the rollers when operating, in cm (in.)
¢4 = specific opening = e,/D
C - compression of the bagasse in the axial plane of the cylinders = e ,/H.
It should be kept in mind that this equation gives the pressure between two rollers, in the
absence of re-absorption.

Expression for the compression C for practical application

Equation (10.65) has been taken from the experiments of Noel Deerr. We have seen, however
(p. 147), the weaknesses of these experiments; they apply to a certain condition of cane, and
the compression obtained varies with the state of preparation of the cane or the fibre content
of the bagasse. The influence of preparation is most evident at the first mill, but its effect
IS not great when it is a matter of standard preparation (e.g. two sets of knives and a shred-
der), in spite of variations in the effectiveness of these preparators according to their power
usage, clearance, etc. On the other hand, the effect of fibre is very great, and this is clearly
seen if egn. (10.65) is applied from the first to the final mill of a tandem. By doing this for
a number of tandems, and correcting in each case for re-absorption (since we are still con-
sidering the case of no re-absorption, wherer = 1), it may be shown that the correction to
be applied to egn. (10.65) (taken from the experiments of Noel Deerr) to adapt it to the
dynamic conditions of mills, consists of substituting for (10 C) the expression:



156 PRESSURES IN MILLING Ch. 10

and to modify consequently the coefficient of 30. On the other hand, it is not the force F
which is of interest: it is easily determined. What is of interest is the specific opening when
operating at ¢4 (or the opening itself, e4), which we cannot measure precisely. We profit
from this to anticipate the following calculations and again alter the coefficient to obtain
directly the delivery opening of a three-roller mill in operation, taking into account the nor-
mal re-absorption in mill tandems which serves as a basis. We thus write the equation in the

form:

6
$5=0.34X10-¢ - :( (%) (10.66)
.. . : : €4
€4 = specific delivery opening of the mill = =

width of the rollers, in dm

mean diameter of the rollers, in dm

= total hydraulic load on the top roller, in kg

V, = no-void volume of cane or bagasse, in dm?3/kg
d = density of bagasse under pressure, in kg/dm3

I' = fibre of bagasse after pressure, relative to unity.

We do not give the formula in British units since this leads to prohibitive and unwieldy
powers of the terms involved.

This calculation is equally precise as that given later (p. 208) for mill settings, and which
dispenses with the figures for density of material. It has the advantage over that formula of
taking into account the load F the influence of which, acting only to theroot of 5.5, has been
neglected for mill settings, but it has the disadvantage of bringing in unusual powers of quan-
tities (6 and 5.5) and a number of decimals, which lead to risks of computational error.

L
D
F

Maximal pressure and loading on theroller. If we apply egn. (10.50) to the delivery open-
ing, it gives us the maximal pressurep, at that point. Taking egns. (10.50) and (10.65), and
eliminating the compression C, we obtain the maximal pressurep,,:

IF IF
Py = ——mm— = —— = (10.67)

LNDey LDV ey,

Py = maximal pressure in the axial plane, in kg/cm? (p.s.i.)
F = total load on the roller in the axial plane, in kg (Ib.)
L = length of rollers, in cm (in.)
D = mean diameter of the rollers, in cm (in.)
e4 = delivery opening, in cm (in.)
€4 = e4/Dwhenr = 1.
Since it applies only to the case of zero re-absorption, which does not occur in practice,
this formula (10.67), being purely theoretical, would not serve for any practical determina-
tion.
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Influence of re-absorption
We shall now consider the general case, where re-absorption takes place and the re-
absorption coefficient r is greater than 1.

We shall consider two rollers crushing bagasse. To facilitate our reasoning, we shall
assume that it is a case of the same two rollers as we have studied (p. 152), treating the same
bagasse at the same fibre loading. Commencing from a condition of no re-absorption, we
assume that conditions are altered s0 as to increase the re-absorption coefficient step by step
without changing the fibre loading; in other words, that we progressively reduce the delivery
opening. This may be done by using a closer setting in the case of fixed rollers or by increas-
ing the hydraulic load where hydraulics are in use. Now, considering the instants at which
the re-absorption coefficient reachesthevaluesr = 1.1, 1.2, 1.3, 1.5 and 2, we may calculate
foreach case the position ofthe neutral plane, by applying egn. (10.32) (¢f. p. 141). Weassume
now, a Murry!® has concluded from measurements of actual pressure, that the pressure in-
creases (as in the case of no re-absorption) between the point of first contact and the neutral
plane, that it then remains practically constant between the neutral plane and the axial plane,
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Fig. 10.21. Variation of the roller load as function of re-absorption coefficient r.



158 PRESSURES IN MILLING Ch. 10

and finally drops soon after the axial plane, exerting in all cases after the axial plane the same
fraction of the total pressure.

We obtain thus the graphs marked: r = 1.1, 1.2, etc. in Fig. 10.20. The area included bet-
ween each of these graphs and the x and y axes thus gives a relative value for the total
pressure in each case. Calculating these areas, and transferring their relative values (taking
as unit value that for no re-absorption) to the graph of Fig. 10.21, we obtain the graph shown
as a full line. We find that this curve for normal re-absorption is very close to that shown

dotted:
k =1 +~r -1 (10.68)

We may deduce from this that when re-absorption varies (other conditions remaining the
same), the total pressure increases, relative to that for no re-absorption, in the proportion

given by egn. (10.68).

General value for total pressure
Considering the case of re-absorption, we see that the expression for total pressure becomes:

/ 4dg \o - .
F= 130LDVe, | -} (1 + Vr - 1) (metric units) (10.69)
\re /"7
The relative opening e , occurs in effect at its real value, as is shown by the calculation
on pp. 154 —155, whereas it is the opening re, which occurs within the brackets at the 6th
power. The same calculation as before applies here, re , having the value ey, = ¥5/S(cf.
egns. (10.12), (10.18), (10.26), p. 153). We have finally:

d
3)6(1+\/r—1)

R
F = 130LDVe, ( ,
€N

(10.70)

d
(F: 0.16 LD V EA (%—Bf/')6(l + N r — 1))
N

Position of contact with roller

Neutral plane
Axial plane

n o'

Fig. 10.22. Graph of pressure in the mill.
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or (for high pressures):
F= 130DV e, dp?(1 + Vr - 1) (metric units) (10.71)

Empirical relations between load and maximum pressure
It is interesting to compare certain empirical values, obtained by experiment, with the
preceding values deduced by calculation, such as that given by egn. (10.67).

Holt!¢ has given a relation between the total pressure F exerted on the roller and the max-
imal pressurep,, applied to the bagasse in its passage between the neutral plane and the ax-
ia plane (Fig. 10.22):

e (10.72)

Py = maximal pressure applied to the bagasse in its passage through the opening in kg/dm?
(p.s.i.)

F = axial component of the total hydraulic load acting on the top roller, in kg (1b.)

L = length of rollers, in dm (in.)

D - diameter of roller, in dm (in.)

a = angle between the axial plane and the position at which the bagasse meets the roller
surface, in degrees

v = angle between the axial plane and the neutral plane, in degrees.

Normal values of re-absorption
Re-absorption plays an important role in the mill, and the re-absorption coefficient is deter-
mined or calculated only in a small number of factories, however, it is always possible to
obtain a relatively accurate idea of its value, since it depends mainly on two factors which
are much more readily known: speed and fibre index.

Murry!? gives, for a compression ratio of 3, the regression line:

r = 106 + 0017 v (r = 106 + 0.0052 V) (10.73)

r
Vv

re-absorption factor
peripheral speed of the rollers, in m/min (ft./min).
Similarly'®, for a speed of 9 m/min (30 ft./min), he gives the regression line:

= 00912 c, + 087 (10.74)

which we shall write, making use of egn. (10.44), and knowing that the fibre content of the
cane in that experiment was 12.8:

Cc

= ¢ ( _ ¢ _ 4
A°fd. 0.141 A7rd, 9

)

r=0.65¢6+0.87 (r=0.01¢ +0.87)

(10.75)
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The two equations (10.73) and (10.75) may be combined in one:
r=07 + 0017 v + 0.65 ¢ (r = 075 + 0.0052 v + 0.01 ¢) (10.76)

which givesr as a function of the two main factors determining this coefficient (see Comment
1 below).

Example. For a mill with peripheral speed v = 10 m/min and fibre index at entry ¢, =
0.3 kg/dm?, at delivery ¢, = 0.6 kg/dm?, the re-absorption factor would be:

0.75 + (0.017 x 10) + (065 X 0.3) = 1.11
0.75 + (0017 X 10) + (0.65 X 0.6) = 1.31

At entry: r

e

At delivery: r,

Comment 1. The two original formulae (10.73) and (10.74) being established for a first
mill, the derived formula (10.76) is probably correct for first mills, but thereis reason to sup-
pose that the constant term 0.75 would drop for other mills in the tandem, and would fall
to the neighbourhood of 0.60 for a final mill. In the absence of precise experimental data,
we shall assume that this term has a value:

0.75 for a first mill
0.65 for a second mill (10.77)
0.60 for following mills

Comment 2. The foregoing equation would obviously give only an approximate figure. It
does not take into account the effect of athird factor, which cannot be neglected: the state
of preparation of the material entering the mill.

Ratio of pressures at feed and delivery rollers

It is useful to know the relative pressures exerted on the bagasse at entry and delivery rollers
of a mill; in other words, the components at the feed and delivery rollers of the total load
applied to the mill.

This ratio obviously varies greatly according to the condition of the bagasse entering the
mill, and particularly the settings adopted and the fibre loading at any instant (relative to
that for which the setting has been established). To obtain some idea of the figures, we shall
take mean values. We recommend later (Table 13.6) for a third mill, a ratio of 1.8 between
feed and delivery openings when operating.

We shall apply egn. (10.69) and calculate the expressions involved in it: the terms 1,300
LD and q are the same at entry and delivery; using the ratio of settingsm = 1.8, the values
of ¢, and, to a close approximation, e, at feed and delivery are in the ratio of 1.8. We re-
quire further f', dgand r.

(@ f'. Assuming a fibre in cane of 0.14, an imbibition w = 0.36, ajuice extraction of

2 at the feed and 3 at the delivery roller, giving a total ] = 0.36 and leaving a bagasse b =
0.30; the fibre content of bagasse leaving the feed opening, and passing over the trashplate,
will be:
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0.14
- — 0333
JE 0.30 + 0.12 =

and the fibre content of bagasse leaving the mill:

0.14
o= = 0.467
I's 0.30

(b) dg. The corresponding densities will be (cf. p. 135):

1 [ 120 1

V, = " — —  — 0861033 =0N0Red-Ad_(Fh = —_ = 1.158
1B = T X LoL \ 11O08BX% 1001 )/ B 0.864

1 1.20 ) 1
Vo(S) =~ .= . 467 .824: . = 1.21
o = 103 % 1ol (1.03 101 - 0-86) 0467 _ 0824dp(S) - oo 213

(c) r. We shall assume respective re-absorption coefficients as (cf. p. 160):
rg = L1 rg = 131
We have then:

Fs 11 [1.213 x 1.8 X 0.333)6 (1 + v 0.31

FE = \/ﬁ X \T.‘15787X 1 x 0467 1oy \/—Oﬁﬁ) = 0.745 X 59 X 1.169 = 5.1

Depending on the setting, the crushing rate, and the speed, this ratio may vary from 2 to
8, generally between 2 and 4. It is lower in the first mill, where the ratio between the two
fibre contents is higher and the material entering the mill is still relatively coarse, than in a
later mill, where the ratio between the two fibre contents is lower.

In a fairly accurate experiment, made with strain gauges and a cathode-ray oscillograph
on the first milll at la Mare (Bourbon), the ratio Fg¢/Fzwas found to vary between 1 and
2.5, the lower values corresponding to lower tonnages. In exceptional cases, the ratio fell
below 1. In a similar experiment at another factory in Reunion, the ratio varied from 3.1
to 5.7 for the first mill, and 3.7 to 4.0 for the final mill.

Crawford®, in Australia, concluded that the ratio of delivery and feed roller pressures
ranged from 2 to 4 for the first mill, from 4 to 5 for a third mill. These values obviously
depend mainly on the ratio m between the feed and delivery openings of the mill while
operating. They also depend on the place of the mill in the tandem.

Polygon of forces
To demonstrate better the relative importance of the various reactions acting on the top roller
of a mill in operation, let us set them out on a diagram (Fig. 10.23).

We shall adopt the ratio of 5 between delivery and entry pressures, and trace the polygon
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Fig. 10.23. Polygon of forces in the mill.

of forces acting on the top roller. Their directions are easily ascertained; the t.h.p., F, is ver-
tical. Thereaction of the trashplate, R,, makes asmall angle 8 with the vertical, of some 10°.

For Fg and F; we see from Fig. 10.14 that the centre of pressure (that is, the centre of
gravity of the area included between the curve and the circumference of the roller) occurs
not in the axial plane but at 2—3° ahead of it. By taking:

Fy
FE = ? and R,L‘,’: 0.25F
we obtain thus the polygon indicated in Fig. 10.23.

R is the resultant of the three reactions F;, Frand R,; and the projection of R on the ver-
tical must be equal to P. It is seen that this resultant will act at about 15° ahead (on the feed
side) of the vertical. This is the angle generally adopted by manufacturers who build mills
with inclined headstocks and asymmetric housings.

We may comment that, by projecting on the vertical:

(Fg+ FE)cosf-y+ Ry cos0 =F
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Putting: £ = 0.2 Fg, R, = 0.25 F and commenting that cos 8 = 1, and cos a2 = 0.8,
we have:

(1L.2FgX0.8) + 0.25F=F

Hence:
Fe=08F (10.78)

which shows that the r.h.p. on the delivery side, Fg, is generally of the same order of
magnitude as the t.h.p. acting on the top roller, F, but slightly lower.

This calculation is less accurate, if it is assumed that the reactions are in the axial planes.
If we note on the diagram that the reaction R, should remain on the horizontal line hh *,
we shall have immediately, from the graph, all the values assumed by Fg, for each value of

Fig. 10.24. Values of Fs relative to Fj.

Fg (Fig. 10.24). For a mill of angle a = 67° (and the result will hardly vary for a different
construction angle) we find, in putting:

Fg Fg

o = F and ¢g = o
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that:

¢E = l - 1.07 ¢S
(10.79)
b = B - 0B ép

This gives the corresponding values shown in Table 10.4.

TABLE 104
When Fg = 0.10F Fg=0.8F=g g Fp + Fg =09 F
When Fp = 0.20 F Fg=0.7F=3.5 Fg e+ Fg=09F
When Fg = 0.30 F Fg=0.6F=2 Fg Fp + Fg =09 F
When Fg = 040 F Fe=0.5F=125F Fp+ Fg =09 F

Fg then remains generally between 0.6 and 0.8 of F, most often about 0.7 F.
We may comment that the sum of F, + Fgis constant and equal to 0.9 F, and that the
reaction R on the housing vanishes when F = 0.4 F.

Friction of brasses in housing

With housings of standard design, with vertical headstocks, it is immediately apparent from
Fig. 10.23 that the inclination of the resultant R involves the existence of an important
horizontal reaction Ry on the lateral face of the headstock, on the feed side:

R, = Fian § = 0.15-0,25 F (10.80)

or approximately 80 tonnes when F = 400 tonnes.

The whole of this reaction acts between the feed-side faces of the upper brasses and the
housing. The coefficient of friction between bronze and steel, without lubrication, is approx-
imately 0.18—0.20, and this friction combines with that of the leather or metallo-plastic
packing in the hydraulic cylinder to oppose the sliding movements of the bearing and the
hydraulic piston, that is, to oppose the lift of the top roller.

The friction of brass on steel falls to about 0.10 if the surfaces in contact are lubricated.
It is of advantage to ensure that this lubrication is effective in order to facilitate the proper
functioning of the hydraulic pressure.

Certain manufacturers now use plates of synthetic material of high resistance to wear and
very low coefficient of friction, placed between bearing and housing.

In the same way, and for the same reason, housings with inclined headstocks offer a great
advantage, which may be further accentuated by lubrication or provision of a plate of syn-
thetic material. If the inclination of the headstocks corresponds to the value of 15° generally
adopted, it will be sufficient to provide lubrication, rollers, or plate on the feed-side face of
the brass. If the inclination is 20° or greater, it will be of advantage to so equip both faces,
feed and delivery sides, as the reaction can then change from one side to the other according
to settings and conditions.
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Fig. 10.25 Meshing of the three roller pinions

Fig. 10.26. Pinion reaction
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Pinion reaction

In a mill, the power from the prime mover is generally transmitted by the gearing to the top
roller. It is the latter which drives the two lower rollers by means of a group of 3 pinions
keyed to the 3 roller shafts (Fig. 10.25).

Owing to the obliquity of the flanks of the gear teeth, the thrust at the point of contact
of two teeth is not normal but makes an angle a of less than 90° with the radius at that point
(Fig. 10.26). This angle a is generally of the order of 65°. Fives Cail-Babcock reckon 70°.
The thrust then may be resolved into two components, the normal component F producing
the rotation, and the radial one R tending to lift the roller.

There results an uneven condition of the roller, which will lift more readily at the pinion
end than at the free or pintle end.

In the effort to remedy this condition, several different devices have been adopted:

1. Double pinions. Rollers have been provided with pinions at each end. This solution has
the disadvantages:

(@) It is expensive (6 pinions instead of 3).

(b) The effect is not to suppress the pinion reaction, but to apply it a both ends. This
would not be serious, but:

(c) It does not ensure a real equalisation of pressure at the two sides. So long as the teeth
are not worn, thereis always one pinion which momentarily carries more load than the other,
and produces a reaction.

Fig. 10.27. Mills witl alternatc pinions.
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(d) Even when the teeth are worn, the slightest difference in the thickness of the bagasse
layer on the left and on the right at once destroys the equilibrium, alters the positions of con-
tact of the teeth, loses contact at the side with the greater lift, and causes a reaction at the
opposite side.

2. Differencein diameters of hydraulic pistons. Pistons of larger diameter have been plac:
ed on the pinion side, of such a size that their area is 10— 20% greater than that on the op-
posite side. This is a barbarous solution, and most inadequate.

3. Alternate pinions. The top roller carries a pinion at each end, and the lower rollers have
their pinions, one on the right, the other on the left (Fig. 10.27). This method had the advan-
tage of permitting a substantial reduction in the top angle of the mill, but:

(@) It is scarcely elegant: it gives the impression that something is missing from each side
of the mill.

(b) It requires one additional pinion (4 in place of 3).

(c) The reactions of the feed and delivery rollers are very different (cf. p. 161). Their dif-
ference is therefore not appreciably less than their sum (6 —1 is not much less than 6 + 1),
and one corrects but a small fraction of the divergence existing in an ordinary mill. It is
scarcely worth the trouble.

4. Separate sets of pinions. This solution consists of driving each roller by a separate tail-
bar, the set of three pinions being arranged in the gear train in a special compartment called
the "pinion housing” (Fig. 10.28).

It has some disadvantages:

(a) Itisexpensive (only 3 pinions, but 4 couplings, 2 tail-barsand the pinion housing extra).
However, the individual tail-bars and couplings are lighter than the single tail-bar and the
2 couplings of the ordinary mill.

(b) It increases by 0.3~0.6 m (1 -2 ft.) the overall width occupied by the gearing.

(c) It adds to the installation by 4 plummer blocks and lubricators per mill; hence a slight
increase in consumption of power and oil. The increase in power is compensated many times
by the elimination of pinion reaction at the rollers, but the slight increase in oil consumption
remains.

(d) The usual length of the tail-bars does not alow sufficient range of movement at the
couplings to permit of all possible adjustments of the lower rollers (cases of extreme settings,
or of very worn rollers); in this case it is necessary to replace the ordinary couplings by more
flexible devices (e.g. cardan shafts, cf. p. 256).

But it has some advantages:

(@ It completely solves the problem of pinion reaction. The top roller, entirely free, floats
at ease.

(b) Like the preceding solution, it permits the top angle of the mill to be reduced to a
minimum.

In fact, the pinions, being fixed in their housing, may be designed with the ordinary form
of gear tooth, whereas pinions mounted on the rollers must be able to function with the
distance between their centres varying greatly according to the settings adopted, the mean
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diameter of rollers more or less worn, and the lift of the top roller in operation. In these con-
ditions, one is compelled to provide these pinions with very long teeth, so that the pitch
diameter isat 4 of the length of the teeth, and to make the number of teeth as small as poss-
ble. Hence, the overall diameter of the pinion greatly exceeds the mean diameter of the
rollers, necessitating a high minimum distance between the axes of the two bottom rollers,
in order to alow clearance between their pinions.

With the separate set of pinions, on the other hand, one can adopt a normal tooth-form
(pitch-circle diameter half-way up the teeth), a greater number of teeth (23 instead of 17, for
example) and a very small clearance between the ends of the teeth of the two lower pinions.
Hence it is possible to bring the two bottom rollers close together and in consequence to
reduce the top angle of the mill to 67°, a value which could not be attained for rollers fitted
with ordinary pinions, except by means of alternate pinions.

(©) When the rollers are replaced or re-shelled, it is no longer necessary to remove (or to
re-key) the pinions, always along and disagreeable task. The shafts are shorter, lighter, and
cheaper.

(d) The pinions, being fixed, and working in much more favourable conditions, do not
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Fig. 10.28. Nest of pinions (Fives Cail - Babcock).
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wear 0 quickly. Above all, one is not obliged to mutilate them by turning them down in
order to reduce the length of the teeth and enable the mill to be tightened up, when the rollers
have become worn.

(e) Theinstallation cost is progressively recovered, when it comes to buying replacement
rollers.

However, largely on account of the expense, this device is not widely used.

5. Individual accumulators. The limited adoption of separate pinions and tail-shafts is due
probably to the fact that the general adoption of individual air - oil accumulators today
alows the pressures on the two sides of the mill to be readily balanced. Thus the main disad-
vantages of pinion reaction may be completely avoided; and this is the solution generally
adopted at the present day. It is not as complete as the separate pinions, but is simpler and
less expensive. The latter is now regarded for this reason as a luxury; we consider, however,
that with a tandem which is expected to last 20 years or longer, this luxury would become
a paying proposition.

Value and distribution of pinion reaction. Consider the case of a mill where there is no
correction for pinion reaction, i.e. which has no devices such as double pinions, unequal
pistons or the other devices asjust described. Thisisin fact the more general case. We require
to know the value of the pinion reaction, and how it can be compensated by means of in-
dividual accumulators.

It will be seen (p. 234) that the power taken by a mill is of the order of P = 0.15-0.23
FnD (P = 0.65- 1.0 FrnD), F being the hydraulic load in tonnes, n the speed in r.p.m. and
D the mean diameter of the top roller in m (ft.), the power P being expressed in KW (h.p.).

It may be assumed that the power is distributed in the ratio of 50% to the top roller and
50% on the two lower rollers. Although the latter do different work and have an appreciably
higher pressure at the delivery roller, tests have shown that the power is distributed approx-
imately equally between them, i.e. in overall proportions of 25% and 25%. Taking a mean
power P = 0.25 FnD h.p., and giving Fa normal value F = 250 LD tonnes, P = 0.25 x
250LD X nD = 625 nLD? h.p., or P = 4.687 nLD? kg m/s.

The corresponding couple exerted on the roller by the driving motor is C:

2anC _

P=Cw-= o = 0.105 Cn
whence:
P
C= ——kgm
0.105 «

The corresponding force at this couple is:

o ©_2C _2P

r D 0.105 nD
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The loads exerted on the lower rollers will be:

s - 025 x 2P _ 05 X 4687nLD?
' T2 T 0105 nD 0.105 nD

= 22,380 LD kg

If the angle of reaction is 20° and the angle of the mill is 80°, these two forces f, and f,
reduced to their radial components (Fig. 10.24), relative to the centre of the top roller, will
give a resultant R:

R = 22,380 LD sin 20° cos 40° x 2
R = 44,760 LD x 0.342 X 0.766 = 11,726 LD kg = 11.726 LD tonnes

Il

Thus:
R 11.726 LD

F 250 LD

R = “'7?16\L12 F =0.047 F tonnes

250 LD

Distribution of forces. The shaft of the top roller acts as a beam, supported at two points
and carrying an overhung load, the reaction R of which is distributed between the two sup-
ports, i.e. on the two bearings, causing the reactions R, and Rz; R: on the driving side,
directed downwards, and R, on the far side, directed upwards (Fig. 10.29).

If the distance between the centres of the two bearings is4d = 100 cm, and in general d,
is of the order of 23 cm, then d, is consequently 123 cm (d, being the distance between the
centre of the bearing on the driving side and the centre of the pinion). The loads on the bear-

ings are thus given by:

R = R, - R; R1d1 = dez

whence:
Rd,
R = — :5%=1.23R
d. - d,
Rd,
R,=—=0.23R
a
whence:
R, = 0047 F X 123 = 0058 F

R, = -0.047F X 0.23 = -0.011 F
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Fig. 10.29. Pressure repartition in the mill housings between drive and pintle sides.

If the load F is to be distributed equally between the two sides of the mill, it will be
necessary, to compensate the pinion reaction, to exert forces of:

On the driving side:

F
l, = g + 0.058 F = 0.558 F

On the outer side;

- 0.011 F

S =

F
: 0.489 F (10.81)

If the load is, for example, F = 460 tonnes, this will give f; = 257 tonnes and f, = 225
tonnes, or approximately 14% extra on the driving side.

Mean values of the t.h.p.

Thes.h.p. (¢f. p. 130) in mills generally varies from a minimum of 12 t/dm? (110 tons/sq.ft.)
to a maximum of 40 t/dm? (360 tons/sq.ft.). It is mostly maintained between 15 and 30
t/dm? (140 and 280 tons/sq.ft.), generally between 20 and 25 (180 and 220).

For the fibre loadings generally employed, we can then estimate a mean value of the t.h.p.
as.

F = 250 LD (F = 23 LD) (10.82)
F = total hydraulic load (t.h.p.), in tonnes
L = length of rollers, in m (ft.)
D = diameter of rollers, in m (ft.).
Thence:

shp. = >/ Z _ 25 (/dm? (230 tons/sq.ft.) (10.83)

U.1l L



172 PRESSURES IN MILLING Ch. 10

Deadweight
The normal value indicated above, F = 250 LD, takes no account of the other components
of load due to the weight of the top roller and accessory items which add their weight to the
hydraulic pressure exerted. This deadweight is more important in the case of mills such as
the self-setting mills of Fives Cail — Babcock, where the mill caps and the upper halves of the
bearings also exert their weight upon the bagasse, as do the crown wheel, the coupling and
part of the tail-bar in all models of mills (except those with the nest of pinions).
However, if the hydraulic pressure varies proportionally to LD, the weight of the roller
and the deadweight in general will be proportional to LD2. If it is desired to take account
of these factors, it may be stated that the pressure exerted on the bagasse is of the order of
(250 + 10 D) LD tonnes (L, D in m).

Comparison between crushers and mills. By reason of the distribution of the forces in a
mill, it may appear a priori difficult to compare the pressure of a crusher with that in the
mills. The t.h.p. indeed acts wholly on the bagasse in the crusher, while in the mill it is
distributed between the trashplate and the two lower rollers.

Our comment (p. 163) and the calculations which precede it show, however, that for a
given s.h.p. and agiven t.h.p., the pressure exerted on the bagasse in a mill is slightly lower
than, but of the same order as, that in a two-roller crusher.

Variation of extraction as a function of pressure limits
When the hydraulic pressure is increased, starting from alow value, the extraction increases
rapidly at first, then, when the s.h.p. reaches about 15 t/dm? (140 tons/sq.ft.), more slowly.
We show in Fig. 10.30 the changes in extraction in a test carried out at Savanna (Reunion)
on atandem of five mills, the first 870 x 1,700 mm (34 X 67 in.) and the others 810 X 1,675
mm (32 X 66 in.), fibre in cane 13.8%, and imbibition 1.6, with changes in hydraulic
pressure.

Crawford®? estimates that an s.h.p. of 31.2 t/dm? (100 tons/ft. for a 42-in. roller) leaves
only a small margin of safety, owing to the internal stresses already existing due to the opera-
tion of shrinking the roller shell onto the shaft.

Specific hydraulic pressure

It was estimated in Cuba that the gain in extraction obtained by the use of an s.h.p. greater
than 18-22 t/dm? (165-200 tons/sq.ft.) (say, above 20 t/dm? (180 tons/sq.ft)) was not
worth the expense and wear involved.

The firm of Farrel®, in America, adopts a maximum pressure of 235 t/dm? (214
tons/sqg.ft.) which, in American units, gives slightly more than 2 tons per foot of length and
per inch of diameter of roller.

In Australia?! it is considered that the gain in extraction beyond 30 — 33 t/dm? (270— 300
tons/sq.ft.) becomes very slight, since the power expended increases rapidly, and that these
figures form a practical limit which should not be exceeded.

For our part, we consider:

(7) That it is absolutely necessary to go up to 5 t/dm? (50 tons/sqg.ft.) at the crusher and
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16.5 t/dm? (150 tons/sq.ft.) at the mills, but that there is no need to exceed these values if
considerations of strength of material or consumption of steam are unfavourable to it (as
may be the case in some very old factories).

(2) That there is a very definite advantage in going up to 8 t/dm? (75 tons/sq.ft.) at the
crusher and 20 t/dm? (180 tons/sq.ft.) at the mills, if the equipment and the thermal balance
of the factory permit.

(3) That there is still an advantage in increasing to 16.5 t/dm? (150 tons/sq.ft.) at the
crusher, 25 t/dm? (225 tong/sg.ft.) a the mills other than the last, and 28-30 t/dm?
(255 — 275 tons/sq.ft.) at the last mill, if the plant has been designed accordingly and if (as
is generally the case) one has a large margin of safety in the consumption of steam at the
mills.

Sequence of pressures in the train ‘
Isit desirable to increase the hydraulic pressure from the first mill to the last, or to reduce it?

It is generally the former method which is encountered in practice. It complies with the
idea that a mill should press more heavily than the preceding mills in order to extract what
they have not been able to extract ahead of it.

But the partisans of the second method point out that it is mainly the imbibition which
is effective, much more than very high pressures, and that, to render it effective, it is
necessary to prepare the cane to the maximum extent in the earlier units.

Table 105 gives some examples of the sequence of pressures in tandems giving very good
extraction figures.

Extraction
f=13.8
A= 1.6
o6 Mean of two experiments
]
9
‘/
s.h.p.
15 20 25 30

Fig. 10.30. Variation of extraction with s.h.p. (specific hydraulic pressure).
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TABLE 105

SEQUENCE OF S.H.P. IN VARIOUS TANDEMS, IN t/dm? (tons/sq.ft.)

Location N N, n Mill number
| 2 3 4 5 6 7
Normal tandems
18 6 3 2 204 204 203 206 206
(261) (187) (187) (186) (188) (188)
S. Africa
21 7 3 23.6 198 209 205 19.8 195 247
(216) (181) (187) (187) (181) (178) (226)
15 5 1 26.8 201 191 205 21.7
(245) (184) (175) (187) (199
Mauritius
15 5 1 27.14 2718 285 299 303

(248) (254) (261) (273) (277)

Tandems with pressure feeders on all mills

S. Africa 25 5119.319.319.920.1.19.4
(176) (176) (182) (184) (177)
20 4 2 21.1 229 236 21.4
: (193) (209) (216) (196)
Australia
30 6 2 16.7 173 173 17.8 19.6 19.7

(153) (158) (158) (163) (179) (180)

N = number of mills in tandem; ¥ = number of rollers; n = number of tandems on which
average is based.

The following general comments may be made:
(1) Short tandems are obliged to use higher pressures, while longer tandems may use
pressures appreciably lower
(2) Intermediate mills are generally more lightly loaded
(3) The final mill often has the heaviest load.

When the tandem has a 2-roller crusher, it generally has an s.h.p. 50 - 60% of that of the
first mill.

We would recommend the following scale of pressures, which may be understood also as
giving relative values for factories which cannot attain the loading indicated:

TABLE 106

RECOMMENDED MEAN VALUES OF s.H.P., IN t/dm? (tons/sq.ft.)

Tandem Istmill  2nd mill  3rd mill ~ 4th sz 5th mill ~ 6th mill ~ 7th mill
12 rollers 26 (240) 24 (220) 27 (250) 30 (275)

15 rollers 26 (240) 23 (210) 25 (230) 27 (250) 29 (265)

18 rollers 25(230) 22 (200) 24 (220) 25 (230) 26 (240) 28 (260)

21 rollers 25(230) 21 (190) 23 (210) 24 (2200 25 (230) 27 (250) 28 (260)
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Variation of hydraulic pressure with length of the tandem. We have already remarked that
short tandems are obliged to employ high hydraulic pressures, whereas long tandems may
go more easily with their hydraulic pressures if they so desire.

There is indeed so much less to be gained by increasing the hydraulic pressure when the
tandem is long, since the number of compressions intervenes to compensate rapidly for the
loss suffered at each mill by insufficient s.h.p.

If, for one reason or another, the total power which can be supplied to the mills is limited,
the mean t.h.p. may in fact be reduced in inverse ratio to the square root of the number N
of rollers in the tandem:

P VAN (10.84)

P Uw

This rule permits a certain parity to be maintained between the total power absorbed by
the tandem and its capacity (c¢f. pp. 190 and 237). It is more or less instinctively followed
by engineers in charge of milling plants, but many factories are now preoccupied with extrac-
tion and steam economy, and the maximum work is demanded from each mill; the total
power absorbed by the tandem is in that case proportional to the number of rollers in the
tandem. :

NOMENCLATURE

The following nomenclature applies for milling calculations in Chapters 10— 14, unless in-
dicated otherwise in the text. Units, also subscripts and superscripts, are given in the text.
A - crushing rate, t.c.h.
B = weight of bagasse leaving mill per hour
b = "bagasse loading" = weight of bagasse per unit roller surface
C (or Cgy) = "compression” (Hugot) = e, /H or h/H
volume of material entering
volume available for compressed material
¢4 - compression ratio at minimum opening
filling ratio
mean diameter of roller
density (dgfor compressed bagasse, d,. for cane, d,for juice)
opening (feed) between rollers (E,in axia plane)
delivery opening between rollers (e 4 in axial plane, ey a neutral plane)
total load on roller
= coefficient of friction (subscripts as indicated)
= fibre per unit weight of cane
= fibre per unit weight of bagasse
H - thickness of layer of loose bagasse
h = thickness of layer of compressed bagasse
L = length of roller

Cc - compression ratio (BulTock) =

\-\\'nmrna.okqg



176 PRESSURES IN MILLING Ch. 10

m = ratio of feed to delivery openings while operating
N = number of rollers in tandem
N; — number of mills in tandem
N: = number of compressions in tandem
n = speed of rollers, r.p.m.
P = power consumption of mill (subscripts 1, 2, ..., E, S)
p = specific hydraulic pressure on roller
p = pressure on bagasse
q = fibre loading = weight of fibre per unit roller surface
R = mean radius of roller
bagasse volume

r = re-absorption factor = : = Vy/V
P escribed volume AE

S = escribed area (surface)

weight of fibre
total apparent volume of material
V = peripheral speed of rollers
Vo = no-void volume of cane
Vg = volume of bagasse
Vg = escribed volume of roller opening
= top angle of mill
= angle of contact of feed with roller
= density of fibre
= gpecific opening between rollers = €D
= angle between position of feed and axial plane
= imbibition per unit fibre
= ratio of changes in feed and delivery opening = dE/de
= angle between position of feed and neutral plane
= mechanical efficiency of gearing
= gpecific fibre loading
o weight of fibre passing
fibre index = — -

escribed volume

safety coefficient for mill settings

t = compaction coefficient =

€« O 40<T XWO O D
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11. Mill Speeds

LINEAR SPEED AND SPEED OF ROTATION

One often speaks loosely of the speed of mills, with consequent risk of confusing two dif-
ferent things. There are in fact two ways of reckoning this speed:

(@) As peripheral speed of the rollers, i.e. the linear speed of a point at the mean diameter
of a roller. It is generally expressed in metres per minute (feet per minute).

(b) As speed of rotation of the rollers, i.e. the number of revolutions which they make
in unit time. It is generally expressed in revolutions per minute (r.p.m.).

Relation between the two speeds

We have:
V = xDn (11.1)
V = peripheral speed, in m/min (ft./min)
D = diameter of rollers, in m (ft.)
n = speed of rotation, in r.p.m.
Whence:
14
n= —- 11.2
s (11.2)

Use of the two speeds
When discussing speed of mills, should we use the peripheral speed V, or the speed of rota-
tion n?

The general practice is to use predominantly V, which gives a measure of the speed of
movement of the cane on the carrier, and of the bagasse in the intermediate carriers and in
the mills themselves. However, some authors attach more importance to the speed of rotation
than to the peripheral speed. Which is the correct view?

This question is very far from being merely academic. It is of direct importance to both
the manufacturer and the user of mills.

The question is important mainly on account of the effect of speed on extraction. This acts
in two ways:

(/) On the theoretical plane, it would be valuable to know which factor is important, since
the answer to this question will allow us to better penetrate the mysteries of the mill and to
understand it better.

(2) On the practical plane, since all mill rollers do not have the same dimensions, if Paul
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possesses a mill of 0.61 m (24 in.) roller diameter and Peter a mill of 1.09 m (42 in.), it is
obvious that they will reach very different conclusions according as the limit for a good ex-
traction is attained in the neighbourhood of 7 r.p.m. or in the neighbourhood of 20 m/min
(65 ft./min):

If it ién ~ 1rom for Paul: V = 134 m/min (44 ft./min)
p = L 0pm. for Peter: V = 23.4 m/min (77 ft./min)
. _ : for Paul: n = 104 r.p.m.
Ititis ¥y = 20 m/min for Peter: n = 6.0 r.p.m.

With such differences, it may well be asked why world-wide experience has not yet given
the answer to the problem. There are many reasons for this and in particular the following:

(a) Most tandems cannot be operated at these limiting speeds and so cannot reach any con-
clusion on the question.

(b) The extraction depends on many other factors besides speed, which cannot be readily
eliminated and which thus complicate the situation.

(c) The design of mills does not allow the speed to be readily varied without at the same
time varying the crushing rate, and this is an important factor which can completely falsify
any conclusions,

Whatever the reason, we do not know of any precise experiment made on this subject on
theindustrial scale.

However, of the factors ¥ and n, it is certainly Vwhich plays the dominant role. It is the
factor opposing the escape of the expressed juice, when the bagasse enters the grip of the
rollers. Thejuice must in effect (Fig. 11.1) flow through the bagasse layer against its direction

Fig. 11.1. Flow of extracted juice.
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of movement. Now this factor obviously depends only on the linear speed V; and this s cer-
tainly the greatest argument in favour of the predominance of ¥ over n. The higher the speed
V, the more difficult will it be for the juice to escape against the movement of the bagasse
and the greater will be the amount of juice entrapped in the compressed bagasse at the mo-
ment where its permeability drops practically to zero (d. p. 132).

Murry!, in a study of the results obtained by Bullock and himself, also agrees on the
predominance of V over n. However, considerations cannot be based on only one of these
factors. for reasons of efficacy and economics of the milling plant, a compromise between
the two factors must be adopted.

The Cail firm gave its mills a maximal speed expressed by the formula:

n, = 637 - 18% D (n = 637 - 056 D) (11.3)

nye = maximal rotation speed of rollers, in r.p.m.
D = roller diameter, in m (ft.).

This old formula has been surpassed by actual practice, and Fives Cail — Babcock, suc-
cessors to Cail, have given a fixed scale of maximal speeds for their mills, expressed in the
formula:

ny =V 61 - 214 D2 (nyy= V61 - 2D? (11.4)

The few experiments made on this subject have shown the existence of a speed limit of
some 23 or 24 m/min (75 or 80 ft./min), above which the tonnage drops. Hence, we propose
the rule:

%D (v . ‘8D ) (11.5)
M D+ 0.73 \Y D+ 24
¥, = maximal speed in m/min (ft./min) for rollers of diameter D, in m (ft.)
which reduces to:
10.5 i 344
=T - T (11.6
"™ME By orrs WM py '2.4) 16

This rule is valid for diameters from 0.6 to 1.5 m 25 ft.) (Fig. 11.4).

MAXIMAL SPEEDS EMPLOYED

The technical literature gives little information concerning maximal speeds attained in prac-
tice. However, since most factories throughout the world periodicaly find themselves spur-
red on by an increase in tonnage which reaches or exceeds the capacity of their mills, the pro-
blem is inevitably posed to the great majority of them. In many cases the crushing rate has
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been pushed to the maximum permitted by the equipment, a maximum which is very often
well below the limits which we have given. Certain recent factories, on the other hand, have
been s0 designed as to approach those limits.

At Central Plata, for example, in Puerto Rico?, the tandem consisting of two sets of
knives, a Searby shredder and 21 rollers of 889 X 1,676 mm (35 X 66 in.), was crushing at
200t.c.h. a aspeed r of 7 r.p.m., or V= 195 m/min (64 ft./min), with anormal extraction
(figures not given, but one may assume 94 —95%). Some factories now (1981) attain speeds
of the order of 18 —20 m/min (60— 65 ft./min).

Tromp? gave a speed limit of:

Viy= 18D (11.7)
which is equivalent to:
Ny = 573 r.p.m. (11.8)

In Louisiana* a practical limit has been expressed as a peripheral speed: ¥,,= 16 m/min
(53 ft./min), but this limit could probably have been equally expressed in r.p.m., since it is
noted that the standard factory in Louisiana is equipped with mills of 863-mm (34-in.)
rollers; this reduces therefore to n,, = 6 r.p.m.

SPEEDS IN GENERAL PRACTICE

As indicated above, most factories operate below these extreme speeds, to avoid risk of affec-
ting their extraction. For example, 812-mm (32-in.) rollers are operated at approximately
S5r.p.m.; it is evident that the extraction cannot but improve when the mills are operated at
a lower speed. However, a good economic use of the equipment demands that the roller
speeds should approach the limits - rather cautious - which we have given (egns. (I1.5)
and (11.6)). If it is desired to preserve a small margin of safety, the following may be con-
sidered as maximum economic industrial speeds.

B 30D /.. 100D \
E'D+ 073 \VE D+ 247
(11.9)
ne - D-5S0D | ,324)
E=pron V"5~ piaa4

ng = economic rotational speed, in r.p.m.
Vg = economic peripheral speed, in m/min (ft./min)
D = diameter of rollers, in m (ft.).

We show (Fig. 11.2) the speeds considered by Fives Cail — Babcock as maximal, normal
and minimal, for their mills, as functions of roller diameter.
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Fig. 11.2. Value of maximal linear speed according to egns. (11.3), (11.4) or (11.5).

Sequence of speeds along the tandem
What should be the variation of speeds, in milling trains, from the crusher to the final mill?

Previously, two methods were distinguished:

(1) The Javan school, where low speeds were favoured, decreasing from the first to the final
mill

(2) The Hawaiian school, for which speeds were higher, and increased from the first to the
final mill.

The Javan school of thought has now vanished, and this distinction has no more than
academic interest. Present practice is to adopt, very generally, either the same speed from
one end to the other of a tandem, or increasing speeds.

Actually, it is predominantly a question of settings, and it is difficult to see how there
would be any advantage in adopting increasing, equal or decreasing speeds: the gain realised
by a thinner layer of bagasse is offset by the increase in peripheral speed, or vice versa. The
simplest solution would therefore seem to be, apriori, to use a uniform speed for all mills
of the tandem. ‘

However, the American trend, a solution of convenience, has held sway, probably as a sort
of safeguard against possible errors of setting and against accidental chokes towards the end
of the tandem. It is considered that by running the later mills slightly faster, they will readily
accept the bagasse furnished by the preceding mills. The angle of contact of the bagasse is
improved as the speed increases, since the thickness of the bagasse layer decreases according-
ly-
yTable [1.1 gives further examples of mill speeds, from South Africa and Australia, in
m/min (and ft./min), with figures grouped separately for tandems with pressure feeders on
all mills. In all cases, the data are from tandems giving very good extraction figures.
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TABLE 11.1

LINEAR SPEEDS FOR SEVERAL MILL TANDEMS, IN m/min {ft./min)

Mill number
N N, n 1 2 3 4 5 6 7
Normal tandems
18 6 4 10.76 10.77 10.79 1051 1016 1059
(35.3) (35.3) (35.4) (34.5) (34.6) (34.7)
21 7 2 1116 1101 1087 11.11 1153 1133 9.82

(365) (36.1) (35.7) (365) (37.8) (37.2) (32.2)

Tandems with pressure feeders on all mills

20 4 1 1310 11.82 1086 9.84
(430) (388) (35.6) (32.3)

25 5 1 13.09 13.20 12.80 12.70 13.20
(42.9) (38.7) (42.0) (41.7) (43.3)

30 6 1 1320 1608 1566 1596 13.86 12.06

(43.3) (52.8) (51.4) (52.4) (45.5) (39.6)

N = number of rollers in tandem; N1 = number of mills; n = number of
tandems on which average is based.

Return of fine bagasse

It is necessary, however, to take into account the return of fine bagasse, which often
represents 20 - 25% on the weight of cane entering the milling tandem. The mill (generally
the second) which receives such an extra load should be assisted, in one way or another. The
hydraulic load applied to it should accordingly be lower, and at the same time it should be
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Fig. 11.3. Value of maximal rotational speed according to egns. (11.3), (11.4) or {11.5).
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operated at a sufficient speed; and, of course, the settings should be adjusted accordingly.

We may comment, however, that the mill is not handicapped by the full 20% of returned
bagasse. If, for example, there are 5 mills, crushing cane of 13.7% fibre, and if the quantities
of fibre in fine bagasse, per unit of cane, coming from each mill, are:

1st mill: 0010
2nd mill: 0.009
3rd mill: 0.004
4th mill: 0.002
5th mill: 0001
0.026

the quantities of fibre passing through each mill in a given time will be, if the return is made
at the second mill, in the following ratios:

1st mill: 137 or say 100
2nd mill: 153 or say 112
Peripheral speed
24 (m/min)
1T 22
//, " 20
W
X / 18
/// 16
- o 14
/ / /L_’,_.—-r——F_ E— 1
/ / utn 10
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Fig. 11.4. Maximal (M), normal (N) and minimal (m) speeds in the Fives Cail — Babcock mills.
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3rd mill: 144 orsay 105
Ath mill: 140 or say 102
5th mill: 138 or say 101

The extra quantity, however, is far from negligible. In spite of this consideration, the speed
of the second mill often remains the lowest of the tandem.

Combined drives

It is in tandems with combined drive that the question of the sequence of speeds becomes
most acute. When 11 or 14 rollers are driven by the one steam engine, the relative speed of
the several mills can no longer be varied at will.

This case is becoming more and more rare, on account of the increased adoption of in-
dividual drives by electric motor or turbine. For combined drive, French designers generally
maintain the same speed for al mills, to maintain uniformity, with standard gearing and
frames. American firms prefer to vary the gear ratios s as to obtain speeds increasing from
the first to the last mill. Tromp? citesan 11-roller tandem in which the second motion pinions
driving the spur wheels of the three mills had respectively 22, 23 and 24 teeth. This system,
he added, would give good results.

If it is desired to maintain the same dimensions for the gear teeth, and the same spaces
between mills, the ratios may be modified while retaining the same total number of teeth for
spur wheel plus pinion. For example, 3 sets of: 83 and 22, 82 and 23, and 81 and 24 teeth.

Laredo, in Perus, in altering its tandem (762 x 1,524 mm) (30 x 60 in.) driven by electric
motors of 1,000 r.p.m., with a42.5 : 1 reduction), arranged for the spur wheels of 104 teeth
for each mill to be driven by pinions as shown below, with the resulting speeds:

st mill: 21 teeth n = 4725 r.p.m. V = 11.25 m/min (37 ft./min)
2nd mill: 20 teeth n =450 r.p.m. V = 105 m/min (35 ft./min)
3rd mill: 22 teeth n =495 r.p.m. V = 120 m/min (39 ft./min)
4th mill: 24 teeth n = 540 r.p.m. V= 130 m/min (42 ft./min)
5th mill: 24 teeth n = 540 r.p.m. V = 13.0 m/min (42 ft./min)
6th mill: 26 teeth n= 58 r.pm. V = 140 m/min (46 ft./min)

Further good examples of sequences of speed are given in Tables 5.1 and 5.2.
Today, complete combined drive is no longer used. However, for economy, some factories
drive two mills from one prime mover; but individual drive remains the rule.
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12. Mill Capacity

DEFINITION

The capacity of a train of mills is the quantity of cane which that train is capable of treating
inunit time. It is generally expressed in tonnes of cane per hour (t.c.h.); in Americait is often
expressed in tonnes of cane per day.

The relation between these two figures is not as direct as one might be tempted to think.
Actually, the hourly tonnage assumes that the mills have been operating without interruption
for the hour under consideration. This obviously is generally the case, and the figureis easily
obtained, at the end of the season, by dividing the tonnage crushed by the number of hours
of operation of the mills; in effect, stops and breakdowns are always deducted.

The tonnage per day, on the other hand, is obtained by dividing the tonnage handled dur-
ing the campaign by the number of working days, small stops not being deducted. Now,
while an hour's crushing without interruption is the genera thing, and while many daily
reports show continuous crushing for 24 hours, many stops of 10— 20 minutes are experienc-
ed in the course of a season. If follows that, even if a careful record is kept of the days of
operation during the week (5.83, 6.25, etc.), the tonnes per day will not be 24 times the tonnes
per hour.

A well-operated factory should not have lost time (mill stops) of more than about 1% of
its operating time. From this mean figure, the t.c.h. may be converted to tonnes cane per
day (t.c.d.) by multiplying by 23.75:

C = xt.c.h. = 2375 x t.c.d. (12.1)

FACTORS INFLUENCING CAPACITY
These are many. The most important are the following:

(a) Fibre content of cane. Though the volume presented to the crusher does not depend
on the fibre content, its resistance to the action of the rollers is more or less proportional
to the fibre. As for the later mills of the tandem, the quantity of material which they receive
is closely proportional to the fibre, and the thickness of the layer of compressed bagasse at
the delivery roller will, for a given r.h.p., be exactly proportional to the fibre.

/b) Dimensions and speed o/the rollers. The quantity of bagasse is obviously proportional
to the product of the thickness of the bagasse layer and the escribed area, i.e. the area
described in unit time by a generatrix of the roller, i.e. it is proportional to HLnD. Since H
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should be proportional to D, the tonnage will vary approximately as LnD?; thus we see that
it is proportional to the speed and length, and also to the square of the diameter, of the
rollers.

() Number of rollers. A factor which is less obvious, but still important, is the number
of mills. At first sight, it may seem surprising that it should have any effect: if a certain quan-
tity of bagasse passes through a first mill, when it is followed by 5 others for example, why
would it not pass through just as well if it were followed by only 4, 3 or 2 mills, instead of
57 It is the minimum permissible extraction that is important here: in a short tandem, the
thickness of the bagasse layer must be reduced to obtain a satisfactory extraction; in a long
tandem, on the other hand, the thickness of bagasse layer may be increased as the tandem
becomes longer.

(d) Cane preparators.\Ne have already seen how knives and shredders improve the capaci-
ty.

Besides these primary factors, a number of others also play an important part:

(e) Imbibition. The greater the imbibition used, the more difficult it is to feed the mills,
especially when hot water is used as imbibition.

(f) Grooving. The grain of the roller metal, and the shape and depth of the grooving, have
their effect on the grip of the rollers: the juice grooves play an important part at the feed
roller.

(g) Hydraulicpressure. The mills accept the feed morereadily if they are more lightly load-
ed.

(h) Roller surface. It is general practice to apply, by arc welding, granules of metal on the
crest and flanks of the roller teeth. This practice (known as "arcing" or "spotting") con-
siderably increases the grip of the rollers by reducing the dip of the cane or bagasse on them,
and appreciably improves their capacity.

ft) Use of feeding devices. Feeding rollers, above-feed and particularly under-feed pushers
and continuous pressure feeders allow the tonnage to be increased, sometimes to a substantial
extent.

() Design and condition of the plant. Modern mills are provided with various im-
provements which increase their capacity. On the other hand, wear of grooving, of rollers
and of surfaces subjected to friction, particularly in the hydraulic system, can impair the
good operation of a mill.

(k) Personnel. Finally, the quality of the personnel responsible for the adjustment and
maintenance of the mills is an intangible factor, but one which can be of immense
importance.
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CAPACITY FORMULAE PROPOSED

A = capacity of the tandem, in t.c.h.

fibre content per unit of cane

coefficient for preparatory plant, given by Table 12.1

length of rollers, in m (ft.)

diameter of rollers, in m (ft.)

speed of rotation of rollers, in r.p.m.

number of rollers in the tandem

number of mills in the tandem

N2 = number of compressions applied by the tandem (1 mill = 2 compressions).
Note that:

Af = capacity of the tandem in tonnes fibre per hour (t.f.h.).

2230#0\
T T (I T

—

CAPACITY FORMULAE

Many formulae have been proposed for calculating the capacity of mills (Noel Deerr"?,
Maxwell}, Nayar and Pillay®, Parr®, Tromp®, Gaspar’, and many others). The dimensions
of the mill rollers form the main factor in all these formulae; they appear generally in the
combination LD or LD2. Mawell and Nayar are supporters of the formula with LD: but it
Is difficult to escape the logic which leads to the use of the second power of the diameter.
One arrives at the exponent 1 by assuming that the thickness of the bagasse layer is constant
and independent of the diameter. However, we start from the logica and necessary
hypothesis that this thickness is proportional to roller diameter. Considering this hypothesis
in terms of fibre, the weight of fibre passing in one hour is Af andthis weight is distributed
over aroller area of:

S = 60 irDnL
It follows that:
Ao A
S 60 wDnl
whence:
2
A = x"if (12.2)

However, the bagasse layer which is of interest here is the maximum layer compatible with
good operation of the mills without choking. This maximum layer depends on the coefficient
of friction between metal and bagasse. Now, the experiments of Bullock?® in Australia have
shown that this coefficient itself depends on the peripheral speed, and the average of his ex-
periments leads to an equation of the form:
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¢ = 043 - 0.008 v (# = 043 - 0.0024 v) (12.3)
p = coefficient of friction between bagasse and metal
v = peripheral speed of the mill, = «nD, in m/min (ft./min).

Taking this factor into account, the maximum quantity of bagasse which will be gripped
by the mill is no longer proportional to v, that is, to =nD, but to the product:

xnD (043 - 0,008 wnD) (rnD (0.43 - 0.0024 wnD))
that is, to:
nD (1 - 0.06 nD) (nD (1 - 0.018 nDy) (12.4)

From an experiment made at Central Don Pedro and cited by Fives- Lille, the practical
coefficient of friction is given as (1 — 0.07 nD). However, we retain the value 0.06, which
appears to be better established. We may note in passing that this same experiment showed
alimiting speed v = 2324 m/min (76 — 78 ft./min), above which the tonnage fell sharply.

Figure 12.1 shows the influence of slip, as given by this formula, the speed v = xnD being
shown as the abscissa. On the same graph, we show the coefficient adopted by Fives
Cai! - Babcock, which considers only speeds above 9 m/min (30 ft./min). The two graphs
are displaced by about 30% in the useful zone, this difference of 30% being evidently taken
into account by the respective formulae. If we reduce the upper graph in the proportion
130/100, they are very close together in the range 10-24 m/min (33 - 78 ft./min). We thus
obtain the curve shown dotted.

Formula EH g=1-0.06nD=1-0.0191v
,[Formula FCB g=1-0.0015 {v-9)?
T BN
T ™ Formula FCB
S, - -
s <
\% -
T T BRn=N
|
05 L 52,25
- 4 i
| HEEE
T
-
— 4t —f—
| m/min
10 20 v

Fig. 12.1. Slipping factor in mill capacity formulae.



190 MILL CAPACITY Ch. 12

To allow for this corrected factor, we must now write:

I N I N2
A = X" ’Lj-f (1 - 0.06 nD) ( A = x"'ifﬁ (1 - 0018 nD)) (12.5)

an equation in which we have already taken into account fibre, speed, and the dimensions
of the rollers. There remain only, included in the coefficient A’ ", two primary factors to be
considered explicitly:

(1) The equipment for cane preparation

(2) The influence of the length of the tandem.

Influence of preparatory plant

The degree of preparation and more or less complete subdivision of the cane has a strong
influence on the capacity of the mills to grip the cane. Table 12.1 gives coefficients to be used
to take this effect into account.

TABLE 121
COEFFICIENTS FOR PREPARATORY PLANT
1 Knife set of wide pitch c= 1.10
2 Knife sets of wide pitch c = 1.15
1 Knife st at close pitch c = 113
2 Knife sets, one wide, one at close pitch ¢ = 1.16
2 Knife sets and one shredder c= 122
Shredder only with chopper-harvested cane ¢ = 1.18

J

Influence of length of tandem
This is the factor which is most difficult to evaluate, because its effect isindirect. Let us con-
sider an 1i-roller train; this is chosen because it is the shortest of normal tandems, and
because its maximum capacity is more definitely fixed. Its capacity cannot be increased much
without the extraction suffering markedly. Let us add in turn 1, 2, 3, 4 mills. With each addi-
tion we have the choice between two solutions; either:

(@) To profit by the new mill to treat as much cane as possible, while maintaining the same
extraction; or:

(b) To seek to improve the extraction as much as possible with the aid of the new mill,
and not concern ourselves with capacity.

If solution (a) is followed, as in factories which have to cope with increasing production,
the increase in capacity of the tandem will be almost proportional to the number of mills N,
or, which is practically the same thing, almost proportional to the number of compressions
N2 or of rollers N.

If method (b) is followed, as in factories seeking to increase their efficiency, the capacity
will increase very little with the number of rollers.

In practice, it is nearly always the pressure of production requirements that prompts the
addition of a mill, but an effort is always made to obtain from the new mill both a gain in
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capacity and a gain in extraction. If a reasonable attitude be adopted, which favours extrac-
tion very slightly more than capacity, the influence of length of the tandem will be propor-
tional to VTV.

Formerly, Java issued complete synoptic tables for its 160 or 180 factories. If an analysis
be made of this copious data, and the exponent of N be taken as the unknown, the actual
values found are distinctly lower than 1, but slightly greater than 0.5. The power of N which
would appear closest to the mean of al the figures (though somewhat high) would be 0.67,
that is, ¥ V2. This would be a complicated value to calculate, and would particularly involve
seeking a precision which the problem does not warrant; so we consider that it is preferable
to retain VTV.

For record purpose, and in spite of their early date, we consider that the results for Java
for 1930, reduced to equivalent figures for (762 x 1,524 mm) (30 x 60 in.) mills, are worth
retaining. The main differences are due to the influence of the crusher on capacity during
that period (cf. Table 12.4).

Table 12.2 expresses the influence of length of the tandem, in terms of the foregoing
discussion.

TABLE 12.2

COEFFICIENTS FOR LENGTH OF TANDEM

Number of rollers VN Relative values

9 3 0.866

11 3317 0.958

12 3.464 1.00

14 3.742 1.08

15 3.873 112

17 4123 1.19

18 4.243 122

21 4583 132

24 4.899 141

Complete formula
We are now in a position to give the complete formula for capacity:

en (1 - 0.06 nD)LD2 VTV
A =" o

(12.6)

(4 = 0055 ¢ (I — 0018 nD) LD? \/TV‘)
\ 0255 < .

(L and D in m (ft.).

This formula assumes that the tandem is operated with a normal compromise between ex-
traction and capacity, and that the rollers are subjected to regular and uniform "arcing".
Where such "arcing” is not practised, it is advisable to apply a coefficient of 0.95, which
indicates that the "arcing" allows for 5% in the capacity of the tandem.
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Table 12.3 gives capacities for mills of the sizes most often used, calculated for the follow-
ing conditions:

(@ Preparatory plant: two sets of knives and a shredder

(b) Fibre: f = 0.15

() Speed: n = 6r.p.m.

For any fibre content ' other than 0.15, it will suffice to multiply the indicated capacity
by 0.15/f' .However, if we make some concession to Gaspar’s point of view, we would count
as 0.12 al fibre values equal to or lower than that figure.

For any speed other than 6 r.p.m., we multiply by:

n' (1 - 0.06n' D) rn’ (1 - 0018 n’ 1_32)
6 (1 - 036 D) ‘\ 6 (1 - 0108 D)

For any combination of preparatory plant corresponding to a coefficient ¢’ differing from
1.22, multiply by c'/1.22.

Comment: The last line is only a theoretical indication for the sake of homogeneity of the
table, since the speed of 6 r.p.m. adopted for the table as a whole would be conducive to
a linear speed of 24 m/min (78 ft./min), which we know would be excessive.

Influence of crusher

We have aready pointed out that many factories having only three-roller mills show
capacities inferior to factories having one roller less, i.e. where the first mill is replaced by
an ordinary crusher. Thus in Java, 15-roller trains achieve a mean tonnage inferior to that
of 14-rollertrains (¢f. Table 12.4). It may be asked in these conditions, whether it would not
be appropriate to separate the crusher from the rest of the tandem, to treat it as a preparatory
unit, in the same class as a set of knives; to introduce a "crusher coefficient”, and to count
only the number of units (or of pressures, or of rollers) in the mills proper, in which case
these figures would be fully comparable.

TABLE 124

AVERAGE FIGURES FOR JAVA

Number of ~ Tandem Number of VN  Capacity A/vN  Extraction  Lostjuice
factories rollers (t.c.h.) % fibre
N A

3 3 mills 9 3 295 9.83 913 55

3 1 Crusher + 3 mills 1 332 31 9.34 935 48

26 4 mills 12 346 32.2 931 939 44

93 1 Crusher + 4 mills 14 374 417 11.15 94.6 39

15 5 mills 15 3.87 34 8.79 95.4 34

21 1 Crusher + 5 mills 17 412 455 11.04 95.7 33

1 1 Crusher + 6 mills 20 447 481 10.76 %.7 27

This would be true in tandems containing mills only. Some such tandems are still in ex-
istence, but fortunately they are becoming rare and, in al modern tandems with number of
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rollers a multiple of 3, eg. 12, 15 or 18, where the first mill is either preceded by a shredder,
or provided with a suitable speed and suitable grooving, the capacity should attain and sur-
pass that of a corresponding tandem of 11, 14 or 17 rollers. For our part, we are strongly
in favour of a first unit of 3 rollers and we have always obtained from such units a tonnage
superior to that obtained with a 2-roller crusher as first unit.

It is for this reason that we have reckoned the rollers of an ordinary crusher on the same
basis as those of the mills.

The foregoing reasoning aso shows why we have introduced in egn. (12.6) the number of
rollers, N, instead of the number of pressures, N:. It is because, from the point of view of
capacity, a crusher has a value approaching that of a mill. However, in counting the number
of compressions, one reckons a crusher as half a mill, whereas by counting rollers, one
reckons it as two-thirds of a mill.

Reduction to standard dimensions
Theinfluence of the roller dimensionsis expressed, in logical capacity formulae, by the factor
LD:.

In Java, the practice has been adopted of "reducing” the capacities of mills to that of a
standard roller dimension of (762 X 1,524 mm) (30 x 60 in.), by multiplying the mean ton-
nage obtained by the ratio:

-

LD
r= =2 (12.7)
LD

L and D being the length and diameter of the rollers of the tandem concerned,
L. and D those of the standard rollers.
It may be noted that the volume of a roller is given by:

Vv, = ;LDZ

and that in consequence the capacity is proportional to the roller volume. Hence it is
estimated in Java that the capacity of a mill is 7.25 t.f.h./m3 (0.205 t.f.h./cu.ft.) of volume
~ of one of its rollers. This scale has been derived from an average figure for a number of
tandems comprising 1,254 rollers.

Noel Deerr® has pointed out that an average calculated for 110 rollers, in India, gave a
figure of 10.5 t.f.h./m?3 (0.295 t.f.h./cu.ft.) of roller.

These two figures unfortunately have not taken into account the length of the various
tandems considered. It would have been interesting to reduce the capacities, not only to a
standard roller, but aso to a standard tandem; at the time, this was one of 14 rollers.

At the present day this is a tandem of 15 rollers. If we apply formula (12.6) to a tandem
of 15 rollers preceded by 2 sets of knives and a shredder, and operating at 6 r.p.m., with
rollers of 813 mm (32 in.), this dimension serves only to calculate the term 0.06 »D (0.018
nD); we shall have:
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Af 0.9 x 1.22 x 6 x 0.7 x 3.873
Y = — 3 -

c

[141 _0.0255 x 1.22 x 6 x 0.71 x 3.873
v, 0.7854

c

\
= 0654 tfh/cu ft] (12.8)

or, for any speed n:

3.8 n t.f.h./m? (0.109 n t.f.h./cu.ft.) (12.9)

In South Africa, the length of the tandem is taken into account and work of the mills in
t.c.h. isrelated to the total volume of all the rollers in the tandem. This amounts to accepting
a formula giving capacity proportional to the number N of rollers, and we have commented
(cf. p. 191) that this type of formula would exaggerate the influence of the number of rollers.
The weight of fibre handled by the mills per hour is divided by the total volume of the rollers
in thetandem, and the quotient is called "specific feed rate’’. In 1981 the South African fac-
tories had figures ranging from 727 to 1221 kg fibre per hour per m? of total volume of the
main rollers (3 per mill) of the mills in the tandem (45-76 1b./h/cu.ft.). If the volume of
the pressure feed rollers is added, this would give 692 — 953 kg/h/m3 (43 — 59 Ib./h/cu.ft.).

Capacity of tandems with mills of different dimensions

The expressions given are applicable to tandems in which all the rollers have the same length
L and the same diameter D; but it often happens that tandems are not so homogeneous.
Moreover, very often each mill has its own speed n. In this case in the eguation (12.6) the
expression:

G = n(1 - 0.06D)LD> (G=n( - 0018 nD) LD?

will be replaced by the expression:

(N1—1)61+ G, + G+ ...+ Gm
G.= : . — (12.10)
m 2 (N, - 1)
G, Gz, . . ., G, being the values of the expression G for the 1st, 2nd, . . ., and nth mills,

and G,, being then the value to take for the calculation of capacity of the tandem.
Equation (12.10) was that employed in Java in 1939t¢,
RELATION OF CAPACITY TO FIBRE LOADING
If we express the work of a mill as a function of the fibre loading, we obviously have:

Af =60 7DnLg = 188.5qnLD = 188.5 rnLD? (12.11)
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A = crushing rate of the mills, in kg (Ib.} cane per hour
| = fibre in cane in relation to unity
L = length of rollers, in m (ft.)

D - diameter of rollers, in m (ft.)

« = gpeed of rollers, in r.p.m.

fibre loading, in kg/m? (Ib./sq.ft.)

= gpecific fibre loading, in kg/m2/m (Ib./sq.ft./ft.).

Equating this expression to the normal capacity of the tandem (egn. 12.6) we have:

I

= 0
|

188.5 rnLD? = 900 cn (1 - 0.06 nD) LD?
r=4774c(1 - 0.06 nD) VN

1885 rnL.D? = 0.0255 x 2.240 cn (1 - 0.018 nD) LD? VN o n
;= 0303c (1 - 0018 D) yN (British units) (17 17)

‘(mettic units)  (12.12)

-~

c = coefficient relating to preparatory plant
N = number of rollers in the tandem.

This expression indicates the normal values which may be given to T in order to operate
the mill under normal conditions (see Table 12.5).

TABLE 125

NORMAL VALUES OF SPECIFIC FIBRE LOADING r AS A FUNCTION OF COMPOSITION OF
TANDEM,INkg/m2/m

N

C nD 12 14 15 17 18 21
1 4 12.57 1358 1405 149% 1540 1663
5 11.45 1251 12.94 1378 1418 15.32
11 4 1383 1434 1546 1646 1694 1829
' 5 1274 1376 1422 1516 1560 16.85
1.22 4 1533 1657 1715 1825 1878  20.29
' 5 1412 1526 1579 1681 1740 1869

(For values in Ib./cu.ft., multiply by 0.0624.)

Capacity ratio of mills

The capacity ratio ¢ of a milling tandem is the ratio between the tonnage by the tandem and
the tonnage of which it is theoretically capable. We have just calculated these two values:
Tonnage actually crushed:

Af = 1885 rnLD? kg fibre/h (Ib.fibre/h)
Theoretical standard tonnage which the tandem should normally crush:

Aof= 900cnLD? N (1 - 0.06 nD) (Aof= 57 cnLD?*VN (1 - 0.018 D)) (12.13)
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The capacity ratio then is:

A 021 T / A 337 \' L
0 = = = = — = ——— 1 (i2.14)
Ao ¢N( - 0.06D) \ Ao ¢ VN (- 0018 nD)/

This measures the relative effort demanded of the tandem:
If 6 < 1, the tandem is under capacity
If6 = 1, the tandem is working at normal capacity
If & > 1, the tandem is overloaded, or working above norma capacity.

For a given tandem, ¢, N and D are fixed, n generally varies only between very narrow
[imits, and the denominator of egn. (12.14) may be calculated. For example: ¢ = 1.22, N
- 15, nD = 5 (metric units); hence:

cVN (1 - 006 nD) = 3.3
T= 477 x 3.3 = 1579

Hence:

_ 021 x 1579
B 3.3 B

g

1
1

and it is seen that, for agiven tandem, the specific fibre loading measures, to a close approx-
imation, the capacity ratio.

TONNAGE RECORDS

The highest capacities recorded, to our Mrowledgg are the following:

(@ Tonnage of cane crushed in 24 hours by a factory: 24,000 tonnes, average for 1979 at
Sa0 Martinho't.

(b) Capacity of one tandem: 12,613 tonnes (t.c.) in 24 hours, by Bryant in Florida!2, in
1978, with 6 mills 990 x 2,134 mm (39 x 84 in.), or approx. 525 t.c.h.

() Tonnage of cane crushed in one season: 2,781,021 tonnes (t.c.), by Central Romana!3,
San Domingo.

(d) Year's production of sugar by a factory: 295,939 tonnes, by Central Romana!?, in
1960.
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13. Mill Settings

OBJECT

"Setting" a mill consists of selecting the most favourable relative positions to be given to
the 3 rollers and the trashplate, in order to obtain the best conditions for feeding and the
best extraction results.

Every mill has provision for adjustments (Fig. 13.1) permitting alterations to be made to
the position at rest of each of the two lower rollers relative to the top roller. The relative posi-
tions with the mill empty determine those when operating, when the top roller lifts against
the hydraulic pressure, under the thrust of the bagasse.

S

Fig. 13.1. Mill housing showing wedges and screws for adjustment of rollers (Fives Cail — Babcock).

Adjustment of settings is a delicate and important operation. A good setting is indispen-
sable for obtaining good operation of the mill, that is, regular operation without choking and
with a suitable extraction.

The settings include two main adjustments:

(A) The setting of the feed and delivery openings
(B) The setting of the trashplate.
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A. Feed and Delivery Openings

The front roller is a feeding apparatus; the delivery roller a pressure device. The feed opening
should obviously be greater than the delivery opening: if they were made equal, either the
output of the mill would be ridiculously low (small openings), or the pressure would be very
poor (large openings).

The three-roller mill would in fact not be justified: its success and its universal adoption
are due to the fact that, due to the feed-roller pressure and the go-between of the trashplate,
it permits of delivery-roller pressures which would be unobtainable in a unit of two rollers.

On the other hand, if the feed opening were much to wide, the bagasse arriving at the
delivery roller would be much too wet, and the mill would choke or would give very poor
results.

There is then an optimum ratio between the two openings, for a given set of conditions.
It is a question of determining this ratio.

This problem does not allow of a mathematical solution: the adjustment is in reality an
art, based on empirical considerations. But it involves some calculations, if logical and op-
timal solutions are to be attained.

It is always the delivery opening that is calculated first; the feed opening is next calculated
according to the value found.

MEASURE OF THE OPENINGS

The openings are expressed as those between the mean diameters of the rollers considered.

When the grooving of the two rollers is similar, the opening is expressed very simply: the
opening is represented by the distance between any two points on the surface of the two
rollers, situated in their common axial plane and in the same plane perpendicular to the two
axes (Fig. 13.2).

When the two rollers have different grooving, care must be taken to measure the mean
diameters which are represented for each roller by the mean of the diameter at the tips of
the teeth and that at the bottom of the grooves (Fig. 13.3).

- With complex grooving, the mean diameter is calculated as that defined by the straight line
which, on alongitudinal section of the roller, intercepts equal full and empty areas. In other

Fig. 13.2. Measure of openings with equal grooving. | Fig. 13.3. Measure of openings with different grooving.
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words, the mean diameter is the diameter of the geometric cylinder having the same length
and the same volume as the mill roller under consideration.

However, the Messchaerts should not be taken into account in the determination of mean
diameter by calculation or drawing.

JAVA METHOD

The established method of determining settings is that of the Experiment Station of Java.
The method adopted is the following:

(1) Choice of mill speeds

(2) Calculation of the delivery opening

(3) Calculation of the feed opening.

1. Choice of mill speeds
It was considered in Java that mill speeds were not unimportant. We have already seen (p.
182) that the Javan engineers had definite ideas on the value as well as on the sequence of
speeds in a milling plant.

The Experiment Station had accordingly established a table of average values for Java of
the thickness of bagasse blanket in each type of tandem, from the first to the last mill. This
was expressed in grams of fibre per square decimetre of area described by a generatrix of
the roller (or "escribed area").

We may comment in passing that we find again here, in a different unit, our concept of
the fibre loading, the use of which in Java, long before our mention of it, confirms its impor-
tance. We have:

1 g/dm? = 100g/m? = 0.1 kg/m? (= 0.0205 Ib./sq.ft.)
The Java table gave this value for the standard mill of 762 x 1,524 mm (30 x 60 in.).
For a mill of different diameter, we should have, following the principle that thickness of

bagasse is proportional to diameter:

D’
D

Ui

q’
Q
The Experiment Station recommended that a mill speed should be taken which would give

a bagasse layer corresponding to that shown in the table. The calculation is very easy. We
illustrate it by an example:

Example. Tandem of 15 rollers 813 x 1,675 mm (32 x 66 in.), which is required to crush
120 t.c.h. at 14% fibre. The speed of the 3rd mill is required.
The table (Table 13.1) givesq = 157 g/dm?. For aroller of 813 mm, this corresponds to:

k13
' = 157 x — 3 _ 168 o/dm?
1 * 762 g/dm
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The weight of fibre to be treated is:

120,000 x 0,24 = 16,800 kg/h
Hence the area 5 to be escribed by the roller:

16,800,000 _ 168 g/dm? 5 = 100,000 dm2/h

Now:

S=60ntDL = 60 X nm X 8.13 X 16.75 = 100,000
whence;

n = 39r.p.m.

This speed is low for the tonnage planned. We have already commented that the speeds
practised in Java were low, particularly in the later mills of the tandem.

It must be added, however, that the Java method would be equally applicable to mills
operating at speeds higher than those given by Table 13.1, the important point being the fibre
index rather than the fibre loading.

2. Calculation of delivery opening

It is now a matter of fixing the delivery opening with the mill at rest. For this we begin by
determining the opening during operation.

Centre iine of
hydraulic piston
2

Fig. 134. Lift of accumulators.
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The Experiment Station similarly furnishes a table of mean values recommended for the
weight of fibre passed through unit volume of delivery opening while operating, in other
words, the fibre index for each mill.

The completetableis given in Table 13.1. The Station recommended adoption of a delivery
opening while operating which would furnish a weight of fibre per unit volume equal to that
given by the table.

TABLE 13.1

MILL SETTINGS IN JAVA

Tandem 4 mills Crusher + 4 mills Crusher + 5 mills Crusher + 5 mills
shredder + 4 mills

g = gfibre per dm? of escribed roller surface (D = 762 mm)

Crusher - 113 115 - 107
1 mill 9% 130 137 101 132
2nd mill 135 150 143 143 147
3rd mill 144 167 156 157 166
4th mill 166 179 159 168 174
5th mill - - - 183 189

¢ = gfibreper dm? escribed volume delivery (fibre index)

Crusher - 390 330 - 320
1t mill 530 610 570 | 370 620
2nd mill 610 750 670 640 720
3rd mill 570 840 720 800 810
4th mill 620 940 770 910 870
5th mill - - - 960 960

Example. Continuing the calculation of the previous example, the operating delivery work
opening will have a value of:

i rn

= 021 dm = 21 mm

_q _
e, = *1_=
4 %

From the operating delivery opening, the opening "at rest” is derived by assuming that
the mean lift of the top roller has an optimum value of 20% of the mean value of the
operating opening (method of Helmer); 30% is also sometimes recommended!, avalue which
would appear preferable. In the foregoing example, we would have then:

Desired lift of the top roller = Ah = 21 X 030 = 6.3 mm

whence (cf. Fig. 13.4):
corresponding change in the delivery opening:

Ae = Ah cosg: 6.3 X 0.8 = 5mm
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Hence:
Delivery opening, after deducting lift = S =21 - 5 = 16 mm

The method employed in Java took full account of the corrections necessary to convert
from theoretical openings (measured from top of tooth to bottom of groove) to true open-
ings. In particular, the empty volume due to chevrons and to wear and breakages of teeth
was determined by a test with a piece of clay, leading to the same results as the procedure
with lead which we have recommended (cf. p. 124). The wear of the rollers at the centre was
likewise taken into account. All these corrections were deducted from the value chosen for
the operating opening when deciding the setting "at rest" to be employed; the corrections
for wear a the centre and for the free volume were then deducted from the value obtained.
If these totalled 4 mm, we would have:

Delivery setting for mill at rest: so = 16 - 4 = 12 mm

3. Calculation of feed opening
The feed opening during operation is deduced immediately from the delivery opening, the
ratio between the two openings being fixed at the values given in Table 13.2:

TABLE 132

RATIO BETWEEN FEED AND DELIVERY openings (WHEN
OPERATING) IN JAVA

For 1st mill: 2.2 if preceded by a crusher, 2.6 otherwise
For 2nd mill: 19
For 3rd mill 19
For 4th mill: 1.8

Example. Continuing the preceding example, the operating opening at the feed roller will
have a value of:

E=19e, = 40 mm
Hence the opening at rest (in the case of standard symmetrical housings):
Feed opening, deducting lift = @’ = 40 - 5 = 35 mm

and, with the corrections for wear at the centre and for free volume, taken as 6 mm for the
feed roller:

Feed setting required for mill at rest = @ao = 35 - 6 = 29 mm
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Application of the Java method in other countries

The disadvantage of this method is that it is tied to the Java school of speeds. Its application,
based on the Javatable (Table 13.1), leads to low and decreasing speeds. However, one may
not be a partisan of this school of thought, and in consequence the mills also may not be
designed for it. The French manufacturers, in particular, do not provide, for their steam-
engine drives, governor pulleys permitting of such low speeds, and their steam engines, elec-
tric motors and turbines would be too powerful and would function below economica condi-
tions. Finally, tandems with combined drive do not permit of giving each mill a particular
speed, which the Javan table demands.

TABLE13.3

SETTINGS FOR MILLS IN QUEENSLAND (JAVA METHOD)

Tandem 3 mills 4 mills 5 mills
1 q’ 1 q’ Q q
1 mill 112 2.3 117 24 102 21
2nd mill 107 2.2 122 25 137 2.8
3rd mill 102 2.1 132 2.6 112 2.3
4th  mill 122 25 127 2.6
5th mill 97 2.0
é ¢’ ¢ 9’ ¢ o'
1 mill 450 28 384 24 336 21
2nd mill 512 32 464 29 450 28
3rd mill 800 50 545 3# 480 30
4th mill 672 42 496 31
5th mill 672 42

g = g fibre per dm? roller surface (D = 762 mm) in.
g = Ib. fibre per sqg.ft. escribed surface (D = 30)

0 = g fibre per dm?* delivery opening

¢’ = Ib. fibre per cu.ft. escribed volume (delivery).

However, certain countries have adopted the principle of the Java method, while modify-
ing the table. Table 13.3 gives the table constructed by Behne, following the settings practised
in Queensland?.

This table was established for mills with fixed top roller, which were frequent at the time
in Queensland. Settings for these would not be the same as for mills with hydraulics.

Russell®> comments that, in 1968, most Australian factories, independent of the number of
mills in the tandem, used figures of ¢ = 486 g/dm? (30.3 Ib./cu.ft.) for the first mill, and
821 (51.3) for the last, intermediate mills having figures between these vaues.

Optimal values for the Java table

Douwes Dekker and VVan Hengel* have commented that the best figures for fibre in bagasse,

and hence the best individual mill extractions, were obtained in Java by mills in which the

delivery opening when operating was designed for aratio ¢/f’ = 1.75 kg/dm? (1091b./cu.ft.).
Now we have (cf. p. 142):

Af

= 60 mnDL e ,

(13.1)
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Hence, replacing ¢ by its optimal value of 1.75f (109f):

AFf

4 = _ 330 nDLT

Af \
24

. 13.2
20,600 nDLf" ) (132

/
dm \.—,A
I' being fibre per unit of bagasse for the mill considered. Values for £’ will preferably be
chosen as suggested by Table 13.7.

From the opening while operating, e 4, thus derived, we calculate the opening for the emp-
ty mill, so, as indicated above (p. 203), taking for average lift 30% of the maximal lift possi-
ble.

We may comment that the value thus recommended by Douwes Dekker and Van Hengel
gives, for a 15-roller tandem, and for the fibre figures of Table 13.6, fibre indices of 530,
705, 785, 865, and 915 kg/m? (33, 44, 49, 54, and 57 lb./cu.ft.), respectively, for mills 1 to 5.

We may comment also that these values adopted in the Java method for the fibre index
fix the re-absorption factor r. Taking for example the bagasse from the first mill, with ¢ =
530 kg/m? (33 Ib./cu.ft.), the weight of bagasse (of 0.30 fibre content) corresponding to this
weight of fibre will be 530/0.30 = 1,765 kg (33/0.30 = 1101b.). This 1,765 kg (110 Ib.) of
bagasse will occupy a no-void volume (cf. p. 134) of (1,765 x 0.873)/1,000 = 1.54 m?* (110
X 0.873)/62.4 = 1.54 cu.ft.). If thisis to pass through 1 m? (1 cu.ft.) of delivery opening,
the re-absorption factor must ber = 1.54; asimilar calculation for the 5 mills would give
are-absorption factor ranging from 1.54 to 1.43 from the first to the last mill. Actually, the
opening derived by this calculation is not necessarily that assumed by the mill, the top roller
of which will lift more or less than estimated. The re-absorption factor accordingly may be
different.

Nevertheless, we still regard the values recommended by Douwes Dekker and Van Hengel
as very valuable.

METHOD OF CALCULATING OPERATING OPENINGS
We shall give the calculations in the same order as previously.

1. Choice of mill speeds
We attach to the speed of the mills only a secondary importance, on the condition, of course,
that it remains between normal limits (cf. p. 181). The speed is nearly aways fixed by the
necessity to attain a given tonnage.

The optimal value is given by:

1,000 Af = 60 nowrDLqe = 60 wnoD2L7o (2,240 Af = 60 nowDLge = 60 wnoD?*L 1)
whence;

Af / Af A\
_hoe = 11.88
LDZg, \ LD27,/

(13.3)
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no = optimal speed, in r.p.m.

A = crushing rate required of the tandem, in t.c.h.
= fibre per unit of cane

L = length of rollers, in m (ft.)

D = diameter of rollers, in m (ft.)

qo = optimal fibre loading, in kg/m2 (Ib./sq.ft.)

TO = optimal specific fibre loading, given by egn. (12.12), in kg/m?/m (Ib./sq.ft./ft.).
If, for any reason, this optimal speed cannot be realised, we shall simply endeavour to ap-
proach it as closely as possible, and adopt the speed which we are able to attain, even if it
be appreciably different.
Further, this speed may be made constant throughout the tandem, or decreasing from the
first to last mill, or better, slightly increasing. '

2. Calculation of operating delivery opening
We shall illustrate the calculation by a concrete example.

Example. It is required to calculate the operating delivery openings for a 15-roller tandem
of 990 X 2,134 mm (39 X 84 in.), following three sets of knives and a shredder:

Crushing raterequired: A = 300 t.c.h. with fibre f = 0.15
Speed: n = 6r.pm.
Imbibition: X = 2 distributed between the last two mills (cf. egn. (19.6)).

Sequence required for fibre contents of successive bagasses. 33 —42 —46 —48 —50.
We assume that the brix of the residual juices in the successive bagasses are those found
in the calculation in the second edition (pp. 282 — 285):

B\ = 1874 density = 1075 density under pressure = 1.01 x 1.075= 1.086
B, = 16.28 density = 1.065 density under pressure = 1.01 x 1.065 = 1.076
By = 1263 density = 1049 density under pressure = 1.01 x 1.049 = 1.059
By = 871 density = 1.033 density under pressure = 1.01 x 1.033 = 1.043
Bs = 6.32 density = 1.023 density under pressure = 1.01 x 1.023 = 1.033

We now calculate the volumes and the densities for the various bagasses under pressure
(cf. egns. (10.15) and (10.17)):

Ist mill: Vo = H'M - (l = - 086) 033 = 0.8400
di = - = 1190 kg/m* (74.3 Ib./cu.ft.)
2nd mill: Vo = (o — (=2 - 086) 042 = 0.8222
d; = ﬁﬁ = 1.216 kg/m? (75.9 1b./cu.ft.)
3rd mill: Vo = - ~ (‘-.lu;;; - 0.86) 0.46 = 0.8187
dy = 5555 = 1221 kg/m? (76.2 1b./cu.ft.)
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4th mill: Vo = Lo - (2 - 0.86) 048 = 08193
di = L= 1221 kg/m? (76.2 Ib./cu.ft.)
Sth mill: ¥o = 115 - (%2 - 086) 0.50 = 0.8172

1.033 1.033

ds = ' = 1224 kg/m? (764 Ib./cu.ft.)

It now remains to fix avalue for the re-absorption factor; but we can only form an approx-
imate idea of its value. We shall not make use, for this, of the formulae (10.7.4) and (10.75),
on account of the uncertainty of the constant term and of the coefficients v and ¢ in the com-
plete formula. We obtain an approximation to the factor by assuming that these two factors
play an equal role, in other words, by taking the mean between the results of egns. (10.73)
and (10.75).

The former gives. r' = 106 + (0.017 x 1866) = 1.377 for al mills.

For the latter, we assume as a probable and desirable fibre-index value that suggested by
Douwes Dekker and Van Hengel: 0 = 1.75f’, from which: 0.65 ¢ = 1.1375 f'.

" Hence:

1st mill: ;" = 087 + (1.1375 X 0.33) = 1245 r =4 (1377 + 1.245) = 1.311
2nd mill: r}* = 0.87 + (11375 x 0.42) = 1348 r = 4 (1.377 + 1.348) = 1.362
3rd mill: r} = 087 + (11375 x 046) = 1393 r = 4(1.377 + 1.393) = 1.385
4th mill: r;” = 087 + (11375 X 048) = 1416 r = L (1.377 + 1416) = 1.39%

= = 1439 r = 1(1.377 + 1439) = 1408

5th mill: r2* = 0.87 + (1.1375 X 0.50)

We must have no illusions as to the precision of these values for the re-absorption factor.
However, we have no way of estimating them more accurately, and a more accurate figure
would not appreciably alter the value of the setting which we require. We thus have to be
content with this approximation.

We now write that the volume of bagasse passing through the delivery opening, multiplied
by its density and the re-absorption factor, gives the weight of bagasse:

60nwDLe,dr = B= A4 (13.4)
J
hence:
e = Af . 1 _ Af 1 _ (13 5)
A 60 zaDL fdr 60 7nDL ¢ ¢
with:
g Y 300.000 x 0.15 _ . 5 1b./sq.ft.)
60 rnDL 60 x 3.1416 X 6 X 99 X 21.34
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Hence (egns. (10.40), (13.5)):

Ist mill: fa = 0.33 x 1190 x 1.311 = 0515 ¢, = 2138 = 036 dm = 36 mm
2nd mill: fa = 042 x 1216 x 1362 = 0696 e, = 2:22 = 027 dm = 27 mm
3rd mill: ¢3 = 046 X 1221 x 1385 = 0.778 e, = 3122 = 024 dm = 24 mm
4th mill: ¢4 = 048 x 1.221 x 1396 = 0.818 e, = -9 = 0.23 dm = 23 mm
Sth mill: fa = 050 x 1224 x 1408 = 0862 e, = 232 = 022 dm = 22 mm

If we had used the values for ¢ from Java (Table 13.1) or from Russell (Table 13.3), we
should have had:

¢ Java ¢ Russell e, Java e, Russl e, calculated

1st mill: ¢ = 370 486 g/dm3 51 39 36 mm
2nd mill:  fa = 640 570 g/dm? 29 33 27 mm
3rd mill:  fa = 800 654 g/dm3 24 29 24 mm
4th mill: fa = 910 737 g/dm3 21 26 23 mm
5th mill: fa = 960 821 g/dm?3 20 23 22 mm

Though differing somewhat due to the uncertainty of the value of the re-absorption factor,
these figures are quite useful in practice.

3. Delivery opening with mill empty
Knowing the openings when operating, we now proceed to fix their values with the mill at
rest.

It is customary to adopt a value as large as possible, but nevertheless sufficiently small to
avoid the risk of the top roller working on its lower bearings when fluctuations in feed reduce
the blanket of bagasse. A safety coefficient is therefore adopted, and the practice is to allow
agreater margin of safety when there are fewer mills following the one under consideration.
We designate this safety coefficient by +:

v = delivery opening when empty (18.6)
~ average delivery opening when working

This coefficient yis not of great importance and consequently varies widely. Its only object
in effect is to assure that the bagasse will be constantly under full pressure. The margin of
safety which it allows should be greater when the throughput of the mill is liable to be ir-
regular.

Table 13.4 gives values of this coefficient as advised by Farrel (1971), the values ranging
from 0.773 for the first mill to 0.435 for the last, and varying according to the number of
mills in the tandem.
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0.773
0.707
0.619
0.555
0.505
0.455
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TABLE 13.4
RATIO 1//OF EMPTY TO OPERATING VALUES OF DELIVERY OPENING
(FARREL)

Tandem 4 mills 5 mills 6 mills
1 mill 0.773 0.773 0.773
2nd mill 0.657 0.657 0.690
3rd mill 0.555 0.555 0.594
4th mill 0.473 0.473 0.524
5th mill 0.435 0.473
6th mill 0.435
7th mill

Table 13.5 gives values recommended by Fives Cail — Babcock and by the author.

TABLE 13

.5

0.435

RATIO ¢ OF EMPTY TO OPERATING VALUES OF DELIVERY
OPENING (FIVES Cair - BABCOCK, FCB; auTHoR, EH)

1t mill

2nd mill
Intermediate mills
Penultimate mill
Final mill

Continuing the previous example, we take as delivery settings (empty):

1st mill: s = 36 x 0.50
2nd mill: s¢ = 27 x 0.40
3rd mill: so = 24 X 0.35
4th mill: s, = 23 X 0.30
5th mill: s = 22 x 0.25

4. Calculation of feed opening

EH
06
05
0.4
0.35
0.3
0.25

18 mm (0.70in.)
11 mm (0.43in.)
8 mm (0.33 in.)
7 mm (0.27 in.)
5 mm (0.22 in.)

ch. 13

We return here to the Java solution, which consists of fixing a certain ratio m of the

operating openings a feed and delivery:

mean feed opening in operation

mean delivery opening n operation

(13.7)

Table 13.6 indicates values recommended for the ratio m by Farrel, by Fives

Cail — Babcock (FCB) and by the author (EH).
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TABLE 13.6

RATIO /m Of FEED TO DELIVERY OPENINGS IN OPERATION

Farrel FCB EH

1st mill 2 2.3-25 2.2
2nd mill 2.2 2.2-2.3 19
3rd mill 2.4 2.1 1.8
4th  mill 2.6 2 17
5th mill 2.8 19 17

6th and later mills 3 18 17

It will be seen that there is a very wide divergence between the different values recommend-
ed. This arises to a great degree from the predominance given in the American hemisphere
to capacity rather than extraction.

From the operating feed openings thus determined, we return to consideration of the emp-
ty openings with the comment that, in mills of typical design with vertical caps, the feed and
delivery openings increase by the same amount as the roller lifts.

Example. Continuing our example, we have the feed openings while operating:

1st mill: £, = 36 x 22 = 79 mm (3.12 in.)
2nd mill: £, = 27 x 1.9 = 51 mm (2.00 in.)
rdmill: E4, = 24 x 1.8 = 43 mm (1.70in.)
4th mill: E4, = 23 x 1.7 = 39 mm (1.54in.)
5th mill: £4 = 22 x 1.7 = 37 mm (147 in.)

The opening when empty is equal to the operating opening reduced by the difference bet-
ween the operating and empty settings: Eo = s + E, - ey.

Example.
1st mill: Eo = 18 + 79 - 36 = 61 mm (240 in.)
2nd mill: Eo = 11 + 51 - 27 = 35 mm (1.38in.)
3rd mill: Eo = 8 + 43 - 24 = 27 mm (1.06 in.)
Ath mill: £ = 7 + 39 - 23 =23 mm (0.90in.)
5th mill: Eo = 5 + 37 - 22 = 20 mm (0.79 in.)

Corrections for wear are to be added, asin the Java method. We may allow 1 —2 mm for
anew mill, 3—4 in an old mill.

Value of theratio m in various countries. We have given the ratios adopted in Java (Table
13.2).

In Australia, Behne® recommends ratios m varying from 2.3 to 2.6 for the first mill to
2.5-3.0 at the last mill.
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In Louisiana, Lowe® advises increasing gradually from 1.75 at the first mill to 2.25 at the
last.

In Cuba, Maiz’ indicates ratios ranging from 1.80 at the first mill, 2.5 at the second, to
2.75 a the last, for a 6-mill tandem.

For the reasons given above, the author considers that the high values of m quoted in these
countries are due to neglecting to calculate the openings when the roller begins to exert
pressure (cf. p. 122). If these are taken into account and determined with care, it will be
found that the values proposed in Table 13.6 are generaly sufficient and that even lower
values can be used. We have operated and obtained excellent results with heavily loaded final
mills set with a ratio m of 1.6. If the mean lift is merely added to the opening at rest, er-
roneous and very high values of m will obviously be found.

Variation of fibre along the tandem
Calculation of the operating delivery opening (p. 207) is based on the fibre content of the
bagasses leaving the various mills of the tandem. How does this factor vary along the

tandem?
For correctly set mills, the fibre percentages of Table 13.7 may be taken:

TABLE 13.7

VARIATION OF FIBRE f ' IN BAGASSE ALONG THE TANDEM

Crusher  Istmill  2nd mill  3rd mill  4th mill ~ 5th mill 6th mill

Tandem of:
11 rollers 28 40 46 50
14 rollers 28 40 44 48 51
17 rollers 28 40 44 47 50 52
Tandem of:
12 rollers 33 42 47 51
15 rollers 33 42 46 50 52
18 rollers 3 42 45 48 50 52
Douwes Dekker and Van Hengel® suggest:
Tandem of 15 rollers 32 40 45 48 50
Tandem of 18 rollers 30 39 43 46 48 50

Actually, these values vary slightly with the fibre and variety of cane, but there is little
disadvantage in adopting the values indicated in Table 13.7, in the absence of more precise
data.

DELIVERY OPENINGS AND FIBRE LOADING
The delivery openings during operation of the mill depend on the state of preparation and

the degree of previous breaking up of the cane, on the hydraulic pressure (to some extent),
on the re-absorption coefficient, but particularly on the fibre loading. If, for normal condi-



VALUE OF RATIO e /g OF DELIVERY OPENING IN OPERATION TO FIBRE INDEX (q IN kg/m?)

TABLE 13.8

Tandem N 12 N= 14 N = 15 N = 17 N = I8 N =21
FAR FCRB EH FCB EH FAR FCB EH EH FAR EH FAR EH
Crusher - — - 2.76 2.34 _ _ - 2.34 _ - _ _
1t mill 2.62 2.07 190 1.80 153 2.62 2.07 190 153 2.62 190 2.62 190
2nd mill 173 141 145 1.34 1.36 173 1.46 145 1,36 197 1.45 2.03 145
3rd mill 131 0.91 1.28 0.90 1.22. 131 0.97 1.30 1.23 . 148 1.32 156 132
4th mill 1.13 0.85 115 0.80 1.14 1.15 0.86 120 1.16 1.25 122 134 123
5th  mill - - - - - 1.05 0.79 1.14 1.13 1.13 1.16 1.20 1.17
6th mill - - - - - - - - - 1.05 1.12 1.09 1.14
7th mill - - - - - - - - - - - 1.05 1.12

(For opening in inches per 1b./sq.ft. of fibre index, multiply the figures in the table by 0.1922.)

ONIAV () FEUN) TNV 00 NINHJO AHIAITIA
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tions and the hydraulic pressures generally employed, we express the delivery openings while
operating, e 4, as a ratio of the fibre loading, g, we shall obtain figures applicable to mills
of al dimensions, and thus of general value, and sufficiently accurate for practical needs.
These values have particularly the great advantage of avdiding the preceding calculations and
of giving a practically immediate solution to the problem of determining settings.

Table 13.8 gives the values of the ratio e 4/g, as ascertained from the instructions of Far-
rel (FAR) and of Fives Cail —Babcock (FCB). We add those recommended by the author
(EH).

The operating opening for any mill, therefore, may be immediately obtained by multiply-
ing these values by the fibre loading q. For example, if ¢ = 10 kg/m? (2 Ib./sq.ft.), the
following will be the delivery openings for a 12-roller tandem: 19, 14.5, 12.8 and 11.5 mm
(0.74, 0.58, 0.50 and 0.46 in.).

In South Africa, certain firms are content with calculating working openings by means of
the simplified formula:

o o 23Cf
A nDLf’
which reduces to:
e, = 0.47 7 ( 0.00 " (13.8)
= . —_— e = . . .
A ' 2 f )

C = tonnage crushed, in t.c.h.
g = fibreindex, in kg/m? (Ib./sq.ft.).

To reconcile approximately with the author's figures, it is necessary at least in metric units
to replace the coefficient 0.47 by 0.64 or the coefficient 2.5 by 3.4 (or better, 3.8, 3.4, 3.3,
3.2 and 3.1 for first to fifth mills, respectively). This formula gives very low values.

EFFECT OF INCLINED HOUSINGS

We have assumed (p. 21 1) that the feed and delivery openings increased by the same quantity
when the top roller lifted. This is obvious in the case of the classical type of mill with vertical
housings.

However, today several manufacturers build mill housings with the axis of the caps inclin-
<d towards the feed side (Fig. 13.5).

We shall proceed to calculate for this case the ratio of the increase dE of the feed opening

to the increase de of the delivery opening:

dE:

ot 13.9
de ¥ (13.9)
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Fig. 13.5. Displacement of top roller in mill with inclined housing.

Fig. 13.6. Ratio of increase ¢ E of feed opening to increase de of delivery opening (inclined housing).

In Fig. 13.6, let:
al2 be the half-top-angle of the mill (about 35° in general, 33; for Fives Lille housings)

8 be the inclination of the mill cap (15° in nearly all cases).

We have:
dE _ cos!® 4 d—e—cosla——ﬁ)
dh 2P ) dh \ 2
whence:
(84
co% -+ B)
y=9E__ A2 7 (13.10)
de «a
coS (5 - B)

If a/2 = 335° andB3 = 15°

_ Cos 48.5°  0.663 _
cos 18.5¢  0.948

It follows that, when the delivery opening increases or decreases by 25 mm (1 in.), the feed
opening will increase or decrease by 18 mm (0.7 in.).
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With the aid of this ratio, it is easy, in a mill with caps mounted in inclined housings, to
determine the empty feed and delivery settings by means of the corresponding operating
openings (cf. p. 211).

The coefficients m adopted for the standard case (Table 13.6) will, of course, be retained;
and the greater values given for the feed settings "empty" by the new ratio x < 1 will be
accepted.

Extent of hydraulic lift (Fives Cail-Babcock, 1973). Safety considerations have led certain
manufacturers to provide for a maximum lift of the top roller. This lift depends not only
on the dimensions of the mill. Provision for it should not be neglected, otherwise the passage
of a stone or metallic object would risk serious breakage. Fives Cail-Babcock suggest
calculating the normal lift of the roller as a function of the maximal lift, and suggest the
following normal amounts of lift:

Maximal lift: 5 20 25 30 35 40 45 mm
Normal lift: 1st mill: 8 10 12 13 14 16 18 mm

2nd mill: 5 6 8 10 11 12 14mm
Following mills: 4 5 1 9 10 10 10 mm

If the fibre index is given, the normal lift will fix the roller speed to adopt.

The lift adopted, multiplied by the coefficient of increase of opening when the roller lifts
(0.8, 0.7, 0.96, 0.5, etc.), will give the difference between the working opening and the open-
ing with the mill empty.

SETTINGS EMPTY AND OPENINGS IN OPERATION

We have just shown how to calculate the openings to be given to the rollers at rest; openings
which are commonly designated by the name of "settings'.

These settings for the empty mill, however, have only a secondary importance. What is
especially important is the values assumed by the openings when the mill is operating. The
values for the empty mill are of interest only in the case where the irregularity of feeding
causes a decrease in thickness of bagasse blanket of the order of the coefficient  (Tables
134, 135). If thevalue y = 0.3, which we have proposed, is adopted for the intermediate
mills, these mills will cease to exert their full pressure as soon as the bagasse blanket has
decreased to 30% of its mean value.

In other words, the settings for the empty mill correspond to a margin of safety against
irregularities in the feed.

Now, agreat many persons responsible for the setting of mills do not realise this fact, and
attach considerable importance to the feed and delivery settings of the mill when empty. It
seems childish to repest it, but along experience has taught us that it is desirable: only the
difference between the feed and delivery openings is of importance (we are discussing the case
of standard housings).

Provided the margin of safety is exceeded, it is of little importance whether the mill has
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been adjusted to a setting of 17/4 (feed opening, empty = 17 mm; delivery opening, empty
= 4 mm) or 16/3, or 15/2, or 14/1, or 13/0 (i.e. 13 mm at feed, and metal to metal at
delivery). In al these cases, the mill will function, in normal regular operation, with openings
of 26/13 and, as long as the roller has not descended to 17/4, nothing will reveal whether
its stop is located at 1, 2, or 9 mm lower.

Conversely, when the top roller rests on its stops at 17/4, it should rise as soon as the
bagasse blanket has exceeded the thickness corresponding to 4 mm under the r.h.p. acting,
and nothing will prevent it attaining 26/13 if a normal quantity of cane is supplied to it. It
will not rise less readily nor float less readily if it starts from 13/0 than if it starts from 17/4.

Although the margins of safety provided by our coefficients y are sufficient, there would
be no disadvantage in setting the mill at 13/0 instead of 17/4. This would not be a fault.

It is by no means the same if a setting of 17/0 is adopted instead of 17/4.

It is arather frequent tendency with many engineers to close in the delivery roller. If this
Is done while maintaining the difference given by the calculation, it is not serious, but very
generally the opposite is found, and the operation of the mill and its extraction suffer in
consequence. _

As it is peculiarly difficult to make this understood, it is preferable simply to insist upon
the normal setting, which has been fixed by calculation and by practice.

We say "and by practice". Actually, the calculation furnishes interesting information, but
only experience and practice will permit of a final decision on the exact value of the ratio m
to be adopted for each mill. It may sometimes be advisable to modify slightly the values in-
dicated in Table 13.6.

B. Trashplate

The position of the trashplate has a great influence on the smooth operation of the mill.
Now, the correct setting of the trashplate is a delicate operation.
To define its position completely, it is necessary to know (Fig. 13.7):

Fig. 13.7. Position of trashplate.
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(@ The position of the point B where the toe of the trashplate meets the feed roller

(b) The dimension A, the distance from the toe of the plate to the top roller.

() The dimension M, the distance from the plate to the top roller, measured in the vertical
axial plane of the top roller

(d) The dimension Z, the distance from the heel of the plate to the top roller

(e) The dimension T, the distance from the heel to the delivery roller.

Form of trashplate
The bagasse which has just passed between the two feed rollers tends to recover its volume

while passing from E to A (Fig. 13.7). If it be conceded that the trashplate should render
possible the continuation of this expansion, the distance from the surface BC to the top roller
should increase from B to C. If it is postulated that the radial velocity and the tangential
velocity of a particle of bagasse should be constant in the course of its path across the plate,
it may be readily shown that the curve BC should take the form of a logarithmic spiral with
centre O (Fig. 13.8). This proof has been given by Bergmann in Java as early as 1889, and
has been repeated by Deerr®, We do not propose to revive it.

Fig. 138. Laying out position of the trashplate.

Setting out the trashplate
In practice, an arc of acircle is used as an approximation for the arc of the logarithmic spiral.
Muller von Czernicky and Gogelein, in Java, have proposed constructions the best of which

is the following.
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In the horizontal Ox passing through O (Fig. 13.8), take in the direction shown:

, OM R+ E
Ow= 55 = " 35
South African companies take:
R+ Eb
Ov="95"

but the centre of the circle is placed not a w, but on the vertical through that point, ', at
0.0055 D mm above the point O, the angle 8 remaining at 13°. '

The trashplate will be the circle drawn with o as centre and with wB as radius. The point
B, where the toe of the trash should meet the feed roller, is obtained by taking:

MO'B = 0 = ’é (13.11)

Ifa = 72°, 0 = 12° the arc MB has a value of:

3 aDev
MB = #D — =
360 6 x 360

= 0.00145 Da (13.12)
D = mean diameter of the roller (MB will be measured on a ridge, but will be transferred
to the middle of the flank of a tooth, and the middle of the teeth of the trashplate will
be made to pass through this point)
a = top angle of the mill, in degrees.
This diagram assumes that the top roller is lifting at its working position. Then E is the
operating feed opening.
In Java, the settings were designed so that the working position of the top roller cor-
responded to a lift equal to 30% of the maximum possible.
To avoid having too fine a point at B, which would introduce a marked risk of bending
the points, thetoe of the plate isrounded (Fig. 13.9), but only slightly, in order to avoid for-
mation of a pocket of bagasse at the toe of the plate.

Fig. 13.9. Form of the trashplate.
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Height of the trashplate
There remain to be fixed the dimensions A, M, Z, and T (Fig. 13.7).

These dimensions should be reckoned in relation to the mean diameters of the top and
delivery rollers. It should be noted that foremen often make the measurement from the tips
of the teeth, and that the values to give them in this case should be those calculated in relation
to the mean diameter of the roller, reduced by half the height of the tooth.

Different authors give a confusion of diverse settings. We shall give first the standard
method. Mean operating values, according to this method, relative to an operating feed
opening of 100, are given in Table 13.9:

TABLE 13.9

TRASHPLATE SETTINGS

Feed roller opening E = 100
Height from top roller to toe of trashplate A = 150
Height in vertical axia plane of top roller M = 175
Height of top roller at heel of trashplate Z = 190
Distance from heel of trashplate to delivery roller T = 8

In order to deduce, from the working values obtained from this table, the "empty" set-
tings to be established, it is necessary to take the difference between the working opening E
and its value empty, eo, to increase it by 20 — 25% (to take account of the fact that the dimen-
sions A, M and Z increase practically to the same extent as Ah when the top roller rises by
dh, whereas E increases only by dh cos &2), and deduct from each of the dimensions A,
M and Z the measurement so obtained. The "empty" values A,, Mo and Z, are thus obtain-
ed

The dimension T does not change.

Example. Let us calculate the height of the trashplate for the first mill of our example of
pp. 207 and 210. We have (cf. p. 210):

E,=79mm (3.111in.)
Hence:
A =79 x 150 = 118mm (4.641inNn.)
M =79 X 175 =138mm(5.43in.)

= 79 X190 =150 mm (5.91in.)
79 x 0.80= 63mm(2.48in.)

4N
1

The difference between the feed opening under load and the empty setting chosen is (cf.
p.211):

79 - 61 = 18mm (0.71in.)
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When this opening decreases by 18 mm, A and Z decrease by:
18 x 1.2 = 22 mm (0.87 in.)
and M by:
18 X 1.25 = 23 mm (0.91 in.)

Hence the settings empty are:

E, = 61mm (2.401nN.)
A¢ = 118-22= 96 mm (3.78in.)
Mo = 138 - 23 = 115 mm (4.52in.)
Zy, = 150 - 22 = 128 mm (5.04in.)
To = 63mm (2.481nN.)

Simplified settings

In Java, it was often considered satisfactory to locate the toe of the trashplate by the pro-
cedure indicated by Fig. 13.7. This fixed a certain value of dimension A. The heel of the plate
was then simply located to make dimension Z equal to A increased by 4% of the width of
the trashpl ate:

Z=A+ 004L (13.13)

= distance from the top roller to the heel of the trashplate
= distance from the top roller to the toe of the trashplate
= width of the plate, al being expressed in the same units.
If L = 30 cm, we shall take:

Z =A+ 12cm

Recommended setting
Generally, modern mills do not permit of ready adjustment of dimensions A, M and Z, as
was possible previously. Once the relative positions of the 3 mill rollers are fixed, in the posi-
tions considered best, it is, in general, possible to alter the setting of the trashplate in 2 direc-
tions only: vertically and horizontally; that is, it can only be moved bodily, paralel to itself,
up and down or forwards and backwards, the toe of the plate in contact with the feed roller
(Fig. 13.13). In certain modern mills, this freedom of action is further reduced: the trashplate
Is set on an axis which itself is mounted in an eccentric (Fig. 18.4); it can then be raised or
lowered by rotating the eccentric, and made to pivot about this axis, in order to bring it into
contact with the feed roller. We must agree that these mills function as well as others, and
that we have never had cause to regret the restrictions thus imposed on the settings, which
moreover become easier, more rapid and more practical.

In these conditions, only one of the dimensions A, M or Z can be realised; in general, M
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is selected, and it is the responsibility of the designer to design mills and trashplates in such
away that, for any reasonable value of M, the corresponding dimensions A and Z will have
correct values, whatever the state of wear of the rollers. The engineer responsible for the set-
tings should moreover verify that the dimension Tis kept at a satisfactory value, neither too
wide nor too narrow.

The height M of the trashplate, like the feed and delivery openings E and e (obviously we
are considering the working openings), depends on the fibre loading, with only this dif-
ference: that, in a mill with hydraulics, the opening e depends directly on the fibre loading
and adjusts its value immediately, whereas the opening E and the space M assume the values
which the instantaneous position of the top roller gives them, but which aso depend on the
setting adopted. By thus relating the working heights of trashplate to the fibre index g, we
obtain values applicable to tandems of any dimension and of all capacities.

Table 13.10 gives specific values expressed in mm per kg/m?2 of fibre index.

TABLE 13.10

RATIO M/qOF HEIGHT OF TRASHPLATE (mm) TO FIBRE INDEX g (IN kg/m?)

Tandem N=12 N=14 N= 1715 N=17 N=18 N= 21

1t mill 8 6.5 8 6.5 8 8

2nd mill 6 5.6 6 5.6 6 6

3rd mill 4.8 4.7 48 4.8 4.8 4.8
4th mill 45 4.4 45 45 4.6 4.6
5th mill - - 4.4 4.4 4.4 4.5
6th mill - - - - 4.3 4.4
7th mill - - - - - 43

The table thus gives the correct height for the trashplate in operation, taken in the vertical
axial plane of the top roller, by multiplying the above values by the fibre index g for any mill.

For example, if g = 10 kg/m? (2 Ib./sq.ft.), we should have, in a 15-roller tandem, the
following heights in operation for the five trashplates: 80, 60, 48, 45, 44 mm (3.15, 2.36,
1.89,1.77,1.73in.).

This gives only the mean values, some technicians adopt settings varying by 10 or 20%
around the values given. Values for the mills when empty are easily established. It suffices
to subtract the mean lift (cf. p. 216). It should be remembered that mechanics often
measure the setting in relation to the point of the teeth of the mill rollers; thus it is necessary
to subtract half of the height of the teeth.

To obtain the height of the trashplates when operating in inches per 1b./sq.ft. of fibre in-
dex, multiply the numbers in Table 13.10 by 0.1922. For example, for a fibre index of 3.85
1b./sq.ft., the height of the trashplate in operation for the first mill of a 15-roller tandem
would be: 8 x 0.1922 x 3.85 = 592 in.

Considerations on height of trashplate
Some engineers have a tendency to set the trashplate in a rather high position, others prefer
it low.
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A trashplate set too high absorbs too great a proportion of the hydraulic pressure, at the
expense of the extraction, increases the power consumption of the mill, and wears more
rapidly. Further, the mill will choke at a lower fibre loading, and its capacity will therefore
be diminished.

Too low a trashplate gives too high an angle of contact of the bagasse with the delivery
roller (Fig. 13.10), rendering feeding at this point more difficult and in consequence increasing
the risk of choking. Further, the bagasse tends to form aroll, since the top layer is gripped
by the top roller while the lower layer drags on the trashplate. Hence chokes, chattering and
poor pressure at the delivery. To prevent small pieces of bagasse from dropping through at
P’, acloser setting must be adopted for the distance T between the heel of the plate and the
delivery roller.

Fig. 13.10. Angle of contact with delivery roller.

In making a choice between these two groups of disadvantages, atoo high trashplate would
gtill be preferable to one too low.

Abnormal noises
When a mill "snores’, it is generally due to the fact that the toe of the trashplate is set too
low at the feed roller (angle (3 of Fig. 13.8 too great). It then formsat B (Fig. 13.9) a pocket
from which the compressed bagasse escapes with difficulty, and so produces this charac-
teristic vibration and snoring sound.

This is no cause for anxiety; but, contrary to a widespread idea, it does not in the least
prove a good setting or a proper functioning of the mill.

When amill "growls", and especially when it "chatters", it is generally due to atrashplate
set too low, provoking the formation of a roll of bagasse on the trashplate,

Squirting
A mill is said to "squirt" or "spit" when particles of wet bagasse are projected at intervals
through its delivery opening. In most cases, this phenomenon is due to too close a setting

between trashplate and delivery roller (dimension 7 toc small). The juice, having no further
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outlet, remains entrapped in the pockets formed by the bagasse, accentuating the
phenomenon of re-absorption (cf. Fig. 10.13)to the point where thejuice is expelled violently
from the free side at the moment it is released from the minimal space formed by the delivery
opening. The extraction therefore suffers badly.

A mill can squirt, even when the dimension T is sufficient. This then is caused by the com-
bination of all factors causing re-absorption: speed, degree of compression, too great a feed
opening, absence of juice grooves in the feed roller, etc.

Chokes
The term "choke" describes the condition when the mill will not grip al the feed which ar-
rives, which therefore accumulates at the feed roller. Certain chokes may be due to the
following phenomenon: the feed roller has worn its bearings on the feed side. When the
pressure builds up, the bagasse forces the roller into the pocket so formed, the depth of which
may reach 1 or 2 mm; the roller then separates from the trashplate; the bagasse remains
caught on the toe of the plate, and constricts the passage.

Conversely, if the trashplate is adjusted close against the roller, the roller bears heavily
against it, when the mill runs empty, and wears it rapidly.

The symptoms of this trouble then are:

(@ Rapid wear of the trashplate

(b) Slight displacement of the feed roller towards the feed side, at the moment the bagasse
arrives at the mill.

Chokes are most often due to:

(@) Either a bad setting of the mill, the feed opening too small or too large, the trashplate
badly placed or poorly adjusted at the feed roller, the space at the heel of the plate too small

(b) Teeth of the plate being lifted or bent towards the back

(c) A roller too smooth, or too new, or polished

(d) A roller of too small a diameter, too worn, or with teeth rounded

(e) Excessive imbibition for the crushing rate required, or imbibition water too hot.

Displacement of flanges
When the trashplate is too low, it often happens that the pressure reacts on the side flanges
of the top roller, and causes them to lift off, by pulling out the fixing screws.

Lifting of the flanges may therefore be a sign of too low a trashplate setting.

However, it can aso be produced due to too great a difference in thickness of the bagasse
blanket between the right- and left-hand sides, or due to passage of a foreign body on one
side; or insufficient play between flanges and bottom rollers.

Wear and channelling of trashplate
The surface of the trashplate does not wear uniformly: it generally forms grooves correspon-
ding, at the toe of the plate, to those of the feed roller, but diverging from the centre towards
the extremities of the plate, in the direction of the bagasse movement (Fig. 13.11).

This divergence is due to the fact that the bagasse load at the mills is always inevitably
heavier at the centre than at the ends of the rollers. When the compressed bagasse, held in
straight channels by the grooves of the feed roller, is discharged onto the trashplate, it tends
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Fig. 13.12. Grooved trashplate.

to distribute itself uniformly, and to spread from the centre towards the ends of the roller.

The same cause provokes a more severe wear of the rollers at the centre than at the ex-
tremities: this is readily appreciated by placing a straightedge on the rollers at the end of the
season. When the feed and top rollers are worn in this way, the bagasse blanket becomes all
the thicker at the centre, and the effect on the trashplate is accentuated.

The Archimedean screw which returns the fine bagasse from the cush-cush screen to the
intermediate carrier also returns more of this material to the middle of the conveyor than
to the sides, and aso contributes to loading the centre of the rollers.

Finally, there is friction on the sides of the carriers, retardation of the bagasse at the sides

Fig. 13.13. View of mill showing method of fixing and adjusting trashplate. Note double pitch of feed roller.
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in favour of that in the middle, and obstruction of the outer portions of the bagasse by the
idler pulleys and their supporting runners, which again tends to concentrate the bagasse at
the centre.

All these causes tend to diminish the layer of bagasse at the edges, producing what is called
the "edge effect": the cane which arrives at the mills on the sides of the carrier is less effec-
tively compressed; it sometimes leaves the first mill scarcely flattened, and still recognisable
as stalks. ,

With the object of avoiding the bursting stress on the flanges which is caused by the diverg-
ing movement of the bagasse on the trash plate, certain manufacturers have supplied plates
machined with shallow grooves corresponding to those of the feed roller, i.e. matching at
a distance those of the top roller, and parallel with them (Fig. 13.12). These have the disad-
vantage of tending to maintain, at the delivery roller, the uneven distribution of the bagasse
across the width of the feed roller, which is in part corrected by smooth trashplates. They
may, however, be of interest in cases where the extent of the divergent grooves on the
trashplate would be liable to lead to difficulties at the delivery roller.

Metal for trashplates

Trashplates are madein cast iron, in steel or in stainless steel. Their cost increasesin the order
indicated, but their life similarly, so that the cost per tonne of cane remains approximately
the same. Trashplates of stainless steel acquire a mirror-like finish with use, and suffer less
wear. The life of steel trashplates may be considerably prolonged by the application of a fac-
ing of non-corrosive metal by means of electric welding (in France, the Super-Safor 60 elec-
trode is suitable).
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