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ABSTRACT

In every construction project, aggregate are required. Generally, the
requirement of aggregate changes from one project to another in quantity
and size. In order to fulfill the project requirement, an aggrégate
processing plant has to be installed. An aggregate processing plant is an
integrated equipment system which usually consists of crushers, screens, .
and conveyors with the main purpose to preduce graded aggregate. :

_For fulfiliment of projéct’s requirement‘ of graded aggregate, whiqh
is usually specified-in the fbrm of size range and its quantity, the setting of
crushers and opening size of screens has to be fixed before an amount of |
raw material is fed. Any size range of material required is obtained through
size separation process which is handled by screen, while its obtained
quantity is dependent on .crusher’s setting and amount of fed material. In
fact, there is a possibility where an amount of fed material given may be
less or more than maximum.that can be handled by a plant. Since, the
amount of input and output material of a plant is same then, the
consequence is the output production will be less when the input is less.
More input will choke and ultimately stall the plant operation. Many trials
may have to be done at site by which different amount of raw material is
fed to the plant in order-that the production rate become optimum (i.e.
nﬁaximur_n) but it consumes time and is costly. Therefore, another
approach should be tried. In this study, the problem is solved by using
mathematical approach. .

The basic principal of the mathematical approach is to determine
optimum production rate of an aggregate processing blant.' An
arrangement of aggregate processing plant is presented in this
dissertation - as a case study. The plant consists of one unit each of jaw
crush'er for primary crushing; roll crusher for secondary crushing; single
deck screen located before jaw crusher; and double deck screen to

separate product of jaw crusher into three types of size ranges of material.
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ABSTRACT — Optimization of Production from Aggregate Processing Plant

The aggregate stream diagram of fhe plant is drawn which indicates
relationship between the e_quipmenté in processing of material. '

For.solving the d‘ptimization probliem, the mathematiéal model of
each equipment is needed. In this study, the optimization problém is
solved by fixing an output stream of plant as the objective function to be
maximized and to be subjected to various constraints. Using the computer-
software call as Mathcad 2001i Professional, the value of the objective
function is obtained as the maximum production rate. ’

This study shows that the setting of crushers and different opening
_size of screens cause the change of output production rate of the. plant.
The result that has been obtained by using the computer software also .
indicates total amount of material that should be fed to the plant in order

that the output is in the maximum condition.
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INTRODUCTION

1. GENERAL

Crushed stone aggregate is of the vital importance in most of the
fields of construction. Lérge quéntities of crushed stone aggregate have
been used in water resources development projects. On large construction
projects, crushed stone aggregate preparation is the first stage of concrete
production. Crushed stone aggregate is produced through very complex .
procedure which is begun with drilling and biasting or excavation of rock

until processing and storage of the finished product.

The purpose of aggregate processing is to produce clean and
properly sized materials from raw material which is obtained - through

' drilling and blasting or rock excavation processes.

In order to get different sizes of aggregates, stones have to be
crushed and undergo size separaiion. To carry out these processes, it is
required to have an interconnected system of several equipments which
are installed to be a system of production of aggregate. The system is

known as aggregate processing plant. This combined plant operation,
| however, is normally not just a joining of several processes. It will include
several other components that assist in -the feeding, gradation and
discharge. The main equipmenté are crushers fdr doing crushing or size
reduction process, screens for doing size separatidn proceés and
conveyor for doing transportation process within the plant. These
equipments available in many types, sizes and capacities that should be
taken into consideration for installing a plant. Type of the equipment refers

to its function,r while, size of equipment refers to the dimension of the’

I-1
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equipment and the capacity is the capability of equipmeht to produce an
amount of material in a unit of time.

An important thing that usually needs to be considered for installing
an aggregate processing plant is the capability of a plant to produce
maximum quantity of material in an hour (i.e. rate of production). The
capability of a plant could be a reference to decide total operation time
required for fulfillment a demand of a certain guantities of material in
specified size raAnges which may be required by a construction project. For
example if a project requires 10,000 tons of cru-shed stone from a
particular plant which have maximum capability 20 ton per hour, then the
operation time of plant is 500 hour. The operation time that has been
known may help in determination cost of production. '

In fact, although, the maximum rate of production or capacity from
every single equipment within the plant can be determined analytically by
formulas or taken directly from manufacturer's book provided by the
manufacture for every type of equipment but the maximum capacity of that
single equipment can not be used as the indicator to decide the capacity of
the plant because the plant conéists of many equipments.

Also, to fulfill the demand of the different sizes of aggregate, the
setting of crushers and screens within a plant is often changed. When the
setting of crushers and opening size of screens are changed, then the
gradation of output material will be also changed, so that for a certain size
range of material required, its production rate will be different for different
setting of crushers and screen sizes, although its input or fed material to
the plant may remain same. |

Another important thing that should be considered in operating an
aggregate processing plant is gradation control. Gradation control needs
to be considered because the quantity of material at certain size range.
produced by a plant may in excess or short fall compared with its

requirement.
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I.2. SCOPE OF DISSERTATION WORK

- Scope of study in this dissertation has been restricted to determine
optimum production rate of crushed stone aggregate at a certain screen
size and crusher setting. It also includes studying of gradation control. The
aggregate recoveries from quarry'requiring drilling and blasting have been
excluded.

For determlnmg of optimum productlon rate of an aggregate
processmg plant, the mathematical approach is used. The basic principal
of the mathematical approach to determine the optimum production rate of
aﬁ aggregate processing plant is to define the objective function and
constraints of the plant in which the objective function is subjected to the .
constraints to obtain the optimum value.

In order to apply the mathematucal approach, an arrangement of
aggregate processing plant is presented in this dissertation - as a case
study. The plant consists of one unit each of jaw crusher'for pnmary

- crushing; roll crusher for secondary crushing; single deck screen located
before jaw crusher; and double deck screen to separate product of jaw
crusher into three type of sizes range of material.

Also, in view of fact that the data for production from crushers and
screens as available from various manufacturers is in FPS units, the work
has been bresented in FPS units because the units will not have any

impact on mathematical model for maximizing the output.

1.3. OBJECTIVES OF STUDY

1. to determine maximum production rate of material of a certain size
range which can be produced by the aggregate processing plant in
an hour at a possible combination of settings of crushers and
opening size of screens. _ ‘

2. to determine the combination of setting of crusher and opening size
of screen that can give the highest output production rate of the
material at a desired size range.
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3. to determine .the quantity of material that should be fed to an

aggregate processing plant in order that the quéntity of any size

- ranges produced by the plant is obtained as per requirement.

1.4. ORGANIZATION OF DISSERTATION
This study report is-presented in following chapters:

' CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

\2

INTRODUCTION
Describes aggregate processing in general. Also
includes scope ‘of study and organization of

dissertation. | .

EQUIPMENT FOR AGGEGATE P-RODUCTION
PLANT,
Describes . the general equipment in aggregate

. processing plant including crushing equipment (jaw

crusher and roll crusher) and screening equipment.

OUTPUT PRODUCTION OF EQUIPMENT -
Covers various methods for estimating the capacity
of jaw crusher, roll crusher and screening

equipment.

: . MATHEMATICAL MODEL FOR OPTIMIZATION
. AGGEGATE PRODUCTION PLANT

Basic theory for determining gradation of streams

and the constraints of an aggregate processing

plant are presented in this chapter.

METHODOLOGY
lllustrates method used for achieving the objectives
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CHAPTER VI

CHAPTER -'VII :

of this study, description of computer program used
for solving the model, and illustrative example for

gradation control.

RESULT AND DISCUSSION

. Presents the calculations, results and discussion of

maXimizin_g‘ aggregate prfoduction rate of an

~aggregate processing plant. Also includes the

calculation for determining a possible setting of
crushers and opening size of screens that can give
the highest production of the plant_ for a certain size

range required.

CONCLUSIONS
Main conclusions of the study are included in this

chapter

REFERENCES



EQUIPMENTS FOR _
AGGREGATE PROCESSING PLANT

'IL1. INTRODUCTION . |
' The production of aggregate calls for a variety of equipment,
ranging in size from the very small to the very lérgé. The individual pieces
of equipment can be arranged, into an equipment system which meets the
aggregate processing needs. '

Generally, the_aggrégate processing system in the area of water
resources development project calls for equipments such as feeders,
crushers, screens, and belt conveyor for in-plant handling. However, in this
chapter- only jaw and roll crusher and vibrating screen are covered
because they are most commonly used, and govern the output of

aggregate processing plant.

I.2. CRUSHING EQUIPMENTS

The term cfushing in aggregate production refers to comminuition
process, in which large sized aggregates are reduced in. size to meet
specified size requirement. Crusher is the typical equipment used for the
purpose of reduction process. | _

As stone pass through a crusher, it undergoes a réduction in size,
which may be expressed as a ratio of reduction. The broadly means of
reduction ratio is;

Sieve size before comminuition
Sieve size after comminuition

Sometimes, the term is applied to the equipment, so that the
equipment reduction ratio is stated. This usually refers to the nominal

settings of the machine:
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upper-size limit for receiving feed

maximum size of product setting
or if the term of average reduction ratio which called as 80% passing ratio

is used then the ratio become :

Sieve size through which 80% passés before comminuition

Sieve size through which 80% passes after comminuition
~ Ratio of reduction for some type of crusher which is usually used for
crushing stone may be defined as follow:

Jaw crusher,
Ratio of reduction is the ratio of distance between the fixed and the

moving faces at the top divided by the distance at the bottom of a crusher.

Impact crusher,
Ratio of reduction is the ratio between width of feed opening and

the width of grate bar opening. Reduction ratio as high.as 40 to 1 are
achievable with this machine and ratio of from 10 — 20 are common.

Roll crusher,v ,
Ratio of reduction is the ratio of the dimension of the largest stone

that can be nipped by the rolls divided by the setting of the rolls, which is
the smallest distance between the faces of th_e rolls. If a roll crusher is
producing a finished aggregate, the reduction ratio should not be greater

than 4 : 1. However, if a roll crusher is used to prepare feed for a fine

grinder,'the reduction may be as high as 7:1.

There are four basic ways to reduce a material. Most crushers

employ a combination of all these crushing methods.

Impact: _ _
In crushing terminology, impact refers to the sharp, instantaneous

-

collision of one moving object against another. Both objects may be
moving or one object may be motionless. There are two variations of
impact: i.e. gravity impact and dynamic impact. Gravity impact is most
often used when it is necessary to separate two materials which have
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reiatively different friability. The more friable material is broken, while the .
less friable material remains unbroken. Separation can then be done by
screening. Dynamic impact is the crushing method used by impactors.
Material dropping in front of a moving hammer (both objects in motion),
illustrates dynamic impact. '
Attrition:

Attrition is a term applied to the reduction of materials by scrubbing
it between two hard surfaces. It is practical for crushing less abrasive
materials such as pure limestone and coal.

Shear: .
Shear consists of a trimming or cleaving action rather than the

rubbing action associated with attrition. Shear is usually combined with
other methods. For example, single-roll crushers employ shear together
with impact and compression. . - .
- Compression: - - .- e

. As the name implies, crushing by compression is done between two
surfaces, with the work being done by one or both surfaces. Jaw crushers

using this method of compression are suitable for reducing extremely hard

and abrasive rock. The Jaw crushes by compression without rub.bing.‘
Reduction process is carried out by various type of crusher.

Crusher may be classified according to the stagé of crushing which they

-accomplish, such as primary, secondary, tertiary, etc. While there is no

rigid classification of crushers, the followihg is representative of common

crusher uses. |

a. Primary crushers are Jaw, gyratory, hammer mill (impéct crusher)

b. Secondary crushers are cone, roll, hamher mill '

c. Tertiary crushers are roll, rod mill, ball mill

’ A primary crusher receives the stones from a quarry and produces
. the first reduction in sizes. The output of primary crusher is fed to a

secondary crusher, which further reduces the size.
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Generally, types of crusher used in aggregate production plant for
water resources development project are jaw crusher, gyratory crusher,
and roll crusher. Crusher such as cone, rod mill and ball mill are widely

used in the area of mining.

I.2.1. Jaw Crusher

Jaw crusher is used for crushing all type of ore, quarry rock or the’
oversize in gravel pits. It is designed to crush the toughest or hardest rock |
or ore. The distinctive featﬁre of the jaw crusher is two plates which open
and shut like. animal jaws. The two plates are at an acute angle to each
other and at least one of thefn is pivoted so that it swings relative to the
other. Material is fed between the jaws- and a'lterria'tely nipped and
released to fall farther into the mouth. Dépending upon the size of the
_bottom opening, the comminuted material eventualfy falls from the crusher.

Jaw crushe_r operates by allowing stone to flow in to the space .
between two jaws, one of which is stationary, while the other is movable.
The distance between the jaws diminishes as the stone travels downward
under the effect of gravity and the movable jaw, until it ultimately passes
through ,the lower opening‘.'The movable jaw is capable of exerting a
'pressure sufficiently high to crush the hardest rock. |

Jaw crushers are classified by the method of pivoting the mobile
jaw. If the jaw is pivoted- at the top, i.e. in the feed area, it has a fixed
. receiving area and is known as a Blake crusher. If the jaw is pivoted at the
bottom, i.e. in the discharge area, it has affixed dehvery area and is known
as Dodge crusher. If the jaw is pivoted in an intermediate posmon, it is
known as a Universal crusher. Essentially the mechanism required is
some means of transforming-circular motion into a to and fro one and the
basis ‘of that mechanism is an eccentric shaft to which toggle are

connected.

IT-4



EQUIPMENTS FOR AGGREGATE PROCESSING PLANT — Optimization of
Production from Aggregate Processing Plant :

The Blake form of crusher tends to produce pieces of less regular
shape than Dodge type. The Blake can be in the forms of the single toggle
plate and double toggle types. The single toggle machine is driven either
through a pitman or directly by flywheel shaft by using the shaft bo'thl as a
pivot for feed end of the mobile jaw and as an eccentric for the source of
the opening and closing movement. The modification with direct drive from’
the flywheel shaft is known as the overhead eccentric or Telsmith-
Wheeling form'. The outlet end of the jaw has a grooved seating for one
- end of the toggle plate, the other end of which sits in a block mounted in
the frame which can be adjuéted so that, when it is lifted, the movement of
the lower end of the jaw is increased. On some machine shims are used
for this adjustment instead of the wedge. Some machines provide
hydraulic equipment, so that this adjustfnent can be effected by the turn of
a valve. Thus the whole jaw has two movements. This movement is
adjustable between one approximétely parallel to the fixed jaw, when the
'toggle is set at a large angle to the horizontal, and a movement diverse
from | the direction of the fixed jaw when the toggle is made nearly
horizontal and the crushing stroke is a minimum at the outlet point. The
action is of the jaws wagging about a netitral point between the inlet and
the outlet. If the size of feed is close to the distance between the jaws at .
this neutral point, the jaws can be jammed.

' The double toggle machine has a much simpler movement. The
inlet end of the jaw is pivoted in the main frame of the crusher. A flywheel
eccentric shaft has set upon it a’ connection rod or plate, usually called
- pitman, into the end of which are set, on opposite sides, the two toggle
plate. The toggle pléte on the site of the pitman away from the jaws is set -
in an adjustable block similar to that used in the single foggle machine.
The other toggle plate is set on the jaw near the outlet end. The movement
Is a simple to and fro one, the pitman pushing down the toggle against the
frame and the pivoted jaw and lifting up to release the jaw away from the
fixed one. The extent of the movement of the outlet end of the jaw is
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—— - ——

adjuéted by the toggle block or in some cases by shims or by hydraulic
devices. The double toggle machine is suitable for tough, hard, abrasfve
materials. |

»The Dodge machine rarely has a receiving area greater than 30 -40
cm, but its products are of a more uniform size than are those from the
Blake, because of fixed exit size. The movement of the jaw is usually
effected by means of a pitman set on a flywheel shaft, the top and the
bottom of the jaw being linked by arms to a spring loaded slide on the
pitman. The disadvantage of the Dodge is that the leverage is weakest at
the entrance to the jaws, where the largest pieées are required to be
broken. It is now rarely used. ,

The universal crusher, as would be. expected from lts design, i
intermediate in performance between the Blake and the Dodge. It can be
operate on larger pieces than Dodge and its products are of more uniform
SIze than those from the Blake. |

Jaw crusher are usually rated according to thelr recelvmg area, i.e.
in the form of width of plates x gape. The performance of the different
types of jaw crushers are compared in Table 11.2.1.

Jaw crusher can also be classified based on size of the jaw;

1. Jaw crusher with normal width, where-the ratic betweeh width of the -
jaw and minimum feed gap is in range 1.4 to 1.6

2. jaw with extended width, where the ratio between width of the jaw and
minimum feed gap is in range 2.2 to 5.7

Method for feeding jaw crusher

Jaw crusher can be fed directly from dumper or by way of a feed
hopper. For best capacities the chute from the feed hopper should diverge
in to the mouth of the crusher. The feed should be even and continuous
and the jaws kept not more than three quarters full. The size of all feed
should be less than about 0.9 times the gape and undersize should be

removed by screening prior to entry into the machine.
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Table 1.2.1. Performance of the different types of jaw crushers F]

Type Receiving Power, kW | Ton/hr Reduction
area, cm? | ratio
Dodge -1 350 3 4 4
500 5 7 5
1000 - 65 15 7
Universal 500 9 2.5 5
1200 35 125 5
1500 30 12.5 8
2000 30 8 15
3500 45 24 10
Blake 3000 35 a1 10
6500 _ 60 70 10
13000 100 150 10
20000 140 205 10
25000 170
30000 220 430 10
40000 230

1.2.2. Roll Crusher .

Roil crushers is another compression type, simply break the .
material by pinching. Roll crushers reduce size by compressing particles
between two rolls or between a single roll and a stationary surface.
Product size can be controlled by adjusting the gap clearance.

Depending upon their form, roll crushers are also known as
crushing rolls, roller crushers, Cornish rolls, giant- rolis and Slugges rolls. In
the single—rol'l form the roll crusher is 'known as a roller and breast mill, a
kKibbler or a sledging roli, depending upon details or the roll design.

The action of the roll crusher is very similar to that of the jaw

crusher. Instead of the jaws moving in a horizontal direction relative to
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each other, the surfaces of the cylinders (or, in the case of single roll, the
surfaces of the cylinder and the breaker plate) move in combined
horizontal and vertical movements relative to each other, so that the
material being crushed is contindously and steadily induced into the
smaller part of the mouth by the circular movement of the cylinders and
the friction between the material and the cylinder surfaces. The roll crusher
does not have the periodicity of the jaw crusher and its parts do not have
to suffer the oscillating stresses or power demandé. The réll crusher's
power demands are much lower than thbsé of both the jaw and gyratory
crushers. . . o
Advantages of the roll crusher are:
(1) It will handle wet, sticky or frozen feeds, or material which
easily packs.
(2) The product can be controlled so that there is a high yield
4 ~ within a narrow size range: within a top-to-bottom size ratio
~ of 4, 85% yields are possible.
(83) The power consumpfion of the machine is low compared with
that of many other machines.
(4) Rolls can produce a product in an intermediate rénge of
~ about minus 1 cm to about 3 mm more economically than
most other machines. '
(5) The surface of the rolls can be heated or cooled by the

circulation of fluid within the interior of the rolls.

Disadvantages

(1) ~ Only a relatively small size reduction is achievable by
‘ practical roll sizes, a ratio of 4 being usually accepted. |

(2) Materials having a foliated structure will break into leaves

unless rolls with lugs or interméshing teeth are used.
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The rolls can be smooth, or corrugated or toothed to reduce
slippage. =]
ROLL TOOTH PATTERNS

st st AR

TRAPEZOID SLUGGER TRAPEZOID SMOOTH

On some machines the distance between the- rolls is adjusted by -
inserting shims between the fixed: aﬁd‘slid.irlg'"béarings of the rolls. On
others it is adjusted by means of bearings for one roller being set upon an
arm which is pivoted and controlled by ‘a spring-tensioned square-threaded
rod or by a similar device using hydrauiie pressure in p'Iac'e of the springs.
Many designs permit of adjustment during operation. The length of rolls
has been found by experience to be best kept short. It is Unusual for th-e'
length to be much more than the dlameter of the roII as expenence has
shown that short rolls - offer best control of feed "and cause least
maintenance difficulty. ‘ - I
Method for feeding. roll crusher

' The rolls are usually fed from flat belts. Care is taken to spread the
material evenly on these belts and make it fall unlformly lnto the hopper
above the rolls. The hopper runs the length of the rolls and has a -
distributing plate at the bottom:; cheek plates in the hepper form a seal on
the rolls, so that all material is directed into the wedge space betr/veen tH'e
rolls. Rolls invariably wear more in the centre than at the edges and it is
important that the distribution of feed across the rolls be as even as can be
managed. Some machines incorporate a device by which one roll can be
moved laterally parallel to the axis and relative to the other roll and thus be
adjusted for preferential wear, particularly wear that leaves flanges at the
ends of the rolls which prevent proper adjustment of the roll distance;
corrugations in the main body of the roller can also be prevented by such a
device. Such an arrangement means having rolls some what longer than

the capacity demands.
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‘ Wea_r on the rolls can be quite considerable and they are designed
thick enough to withstand this wear. For example, a roll 100 cm in
diameter may have a tire 15 cm thick and will take 10cm of wéar, i.e. the
diameter of the roll can be worn down to 80 cm before it is discarded.

For best control of product size the rate of feed should correspond
to about one-third of the rate at which the theoretical.ribbon of product

could pass between the rolls..
It has been suggested that if rollers are fed at speed to the

clearance between the rolls, preferably so that the material reaches the
rolls at the peripheral speed of the rolls, energy consumption by the roll

crusher is decreased.

IL.3. SCREENING EQUIPMENT

' Screening of crushed aggregate is necessary for elimination of
oversize rocks or for grading the crushed aggregate to the specified sizes.
Separation of larger 'aggrégate particle sizes is accomplish by various
types of screéns having square, round, diamond, or rectangular slotted
openings and most wire screens require back up stiffeners, to keep them
from depressing from superimposed loads.

The material screened should be sufficiently moved or shaken for
effective screening otherwise clogging of screen with inert material may
take place. The movement of the material may be cause by gravity flow on
an i,[jcli;led screen or by mechanical movement of screens. Most screen
are sloped a few degree to provide gravity flow. Mechanical movement of
screens fs popularly provided for in the form of vibrations to the screens.
Different manufacturers impart vibratory motion to the screens by various
eccentric or unbalanced weight drives. Some drives are so arranged as to
induce a forward flow of material across the screen even when it is not

sloped. Screens are steel spring or air cushion mounted to absorb

vibrations.
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Vibrating‘ screen are the most common screen used in aggregate
production, combination of the vibration and the slope from receiving to the
discharge end of the vibrating screens causes the aggregate to flow off the
screen at the discharge end, and the undersize will drop through the
screen. Vibrating screens are commonly made in single and double deck
construction and are set at an angle to develop gravity flow material. Triple
deck constructions are also used with 3 screens mounted one above the
other. ' |

Horizontal vibrating screens have also been developed and quite
effective in giving accurate gradation and high éapacities. Frequency of
vibrating ranges from 800 to 3600 vibrations per minute and throw is up to
Y2 in. (12 mm). _

' -Screen equipment usually consists of single or several decks. The
‘material retained on top deck screen would be probably got back to the
jaw crusher for further reduction. Material retained on the middle deck
would probably pass on to roll crusher for secondary reduction. Material
retained on the bottom deck, and that passing the bottom deck would gb to

stock piles.
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lil.1. OUTPUT PRODUCTION OF CRUSHING EQUIPMENTS
l11.1.1. Output Production of Jaw Crdsher

Jaw type crusher is commonly used for primary crushing or initial
reduction. The rock is passed downward by gravity,-by the weight of the
material itself, and by the kneading action of the working jaws, until it is
finally reducec_j in size sufficiently to allow discharge through the bottom of
the jaws. | . ' A |
Jaw openings must be adequate to accept the feed and produce
the desired aggregate size. As a size limitation, a jaw crusher should have
a top opéning at least 2.in. wider than the Iafgeét stones that that will be
fed to it. It is for this reason that the size of jaw crushers is specified by two
sets of numbers, the first set of numbers indicate the width of the feed -
opening known as gape while the second number indicate the width of jaw ,
plateé, so that a suitable size of jaw crusher could be conveniehtiy cﬁosen |
to match the feed. : ‘

The size of lumps, Dy fed into the crusher must be less than 0.9
times gape. The reduction ratio that can be ensured in jaw crushers and
also their capacity depend on the size of fhe-discharge opening which is
assumed equal to the distance between the corrugations at the instant
when the swing jaw is in its most distance position in respect to the fix jaw.
The stroke is adjusted as required by means of special devices. Proper
performance of a crusher requires that the angle, 6 between the jaws . .
should not be over a definitive value, since otherwise the material will be

pushed out of the crusher.
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It has been suggested that capacity of jaw crushers, for straight and
either smooth or corrugated jaws, is measured by following formula after

‘Gies King as quoted by Lowrison. 14!
C=Ffo WGl NG oo (1-1).
Where,
C = capacity in tons per hour
f = factor dependent upon grading of feed and surface of jaw, as follow :
A_ . | Smooth plates Corrugated plates
Normal fines 4.14x 10 3.05x 107
Fines scalped out . 364x10°  254x10°
Large piece only 3.12x 10 2.07 x 107

'p = bulk density of the product in Ib/f®
w = width of crushing chamber in inches

: q -=vopen side setting of the: crusher in inches (for corrugated sides,

measurement is from tip of corrugation)

I =q-t= length of stroke at the lower tip of swing jaw plate in inches

(t = closed side opening)

N = number of stroke per minute

a = nip angle factor is as follows

Nip angle in degree 25 24 23 22 21 20
Capacity factor ‘Giesking” 1.03 1.06 1.09 1.12 1.15 1.18
Capacity factor ‘Gauldie’ 1.03 1.10 1.15 1.21 1.27 1.34
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'

r = ‘Giesking’ factor having the form as follows

Size passing all fed 0.4 0.5 0.6 0.7 0.8 0.9

| Size of crusher

receiving opening

Truck dumping directly | Single 0.95 (0.92 | 0.87 | 0.73 | 0.52
into con\}erging hopper | toggle '
onto crusher '

Double | 0.93 | 0.90 [ 0.80 0.61 | 0.35
toggle

Controlled feeding into | Single 1,00: 0.99 | 0.97 1 0.95 { 0.90 0.76'
straight side hopper | toggle '

onto crusher

Double | 1.00 | 0.98 | 0.96 | 0.92 | 0.82 | 0.60 |
toggle ’

It may be noted that the angle of jaws is primarily a question of nip.
Refer to Fig.lll.1.1.a, wili show that if ‘b’ is the diameter of the particle
which will just enter the jaw, and 't" is the setting of the discharge of the
jaw, the minimum size reduction e:qual to b/t, equal to say ‘R'. if the gape is -
‘G’, and ‘b’ equal to 0.9G, and if the Ieng.th of the plate is 2G, then it can bé '
easily shown that, if 6 is the angle between the jaw, then,

Tang=S -t =2 =-0.% _R-0.9 (11-2)
2.G 2.b 2.R '

The action of the jaws is to prdduce a succession of wedges as
indicated in Fig.Ill.1.1.a which are each redu'ced progréssivély to smaller
sizes by compression and compaction until the first in the series is small -
enough to fall out of the crusher, after which the _second. takes itsyp!ace,

with the third coming on in a procession.
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Close
Position

Figure.lll.1.1.a. Cross-sectional area of jaw crusher ]

Thus, in Fig.lll.1.1.a, the wedge bounded by the levels ‘A’ and ‘B’
will leave the crusher at the next backward movement of the jaw and the
wedge bounded by the levels “B’ and ‘C’ will take its place to be
compressed and crushed by the forward movement of the jaw and to be
* released and discharged, in turn, by the backward movem.ent.of the jaw.
The dimensions of the fragment leaving the crusher are limited in three
ways; (1) by the width of the plates, i.e. the width of the crusher feed
opening (w); (2) by the maximum opening of the jaws at the discharge or
product end (q); (3) by the time pérmitted by the frequency of opening and
shutting for the material to fall freely beforé it is nipped again. Thus, the
dimension of the largest fragment would be multiplication of width of feed
opening, ‘W' (i.e. of crusher plates), maximum of opening of jaws at the

d}scharge'end, ‘q’ and function of frequency of jaw movement cycle.
| In Fig.lll.1.1.a, the movement of the jaws is first considered to be
such as to maintain them in parallel. The extreme portions of the jaw are
represented by a continuous line at minimurh and by broken line at
maximum. The portion in the throat of the jaws at which material has the
same dimension as the maximum discharge opening, i.e. 'q’ is seen to be
‘B'. if the vertical distance of ‘B’ above ‘A' were ‘h’, the frequency of
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backward movement of the jaws would have to allow the material to fall a

distance ‘h’ between being at minimum distance apart and being at .

‘maximum distance, i.e. during half the cycle time. If the frequency of the
.jaw movement is ‘N’ cycles/min. then the time for one whole cycle is 60/N
second and the greatest distance the fragment can fall freely in half a
cycle is ‘ ' |

N 2

2 : ' , ' :
h = (QJ (2) Cor 2200 e (1-3)
. N A

Thus, for fragment to have a Iehgth h centimeters the frequency must be

less than e64 value of h can also equal to (q —t) cot 9

75

The dimensions of the largest fragments leaving the crusher would

be preducts of width of feed opening, w; maximum opening of jaw at the

’ 'discharge end, g ; and function. of frequency of jaw movement cycle.
‘The quantity issuing from the crusher in conditions such that the

frequency is about the optimum is obtained from the preduct of:

e Area of parallelepiped bounded by parallel sides of length g and t,

respectively, and a side at right angle to these of length h, so that
area =1/2. h. (q + t);

o  Width of plate = w; . A

e  Density of compacted mass, which can be taken to be. about 0.8p
times the true density of the material; and

- Frequency of jaw movement.

. . 1 664
Quantity per minute= =~ h(g+t).w. — .0.8 eeenn lii-4
ty perminute = = h(q+1) . w. —= P (Ii1-4)

The effect of the movement of the jaws is both; (a) to rush and
break and thereby to increase the voids between pieces and to decrease
the bulk density and (b) to compress and cdmpac’:t and thereby fill the
interstices between pieces and to increase the bulk density. The effect of
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this conflict on the bulk density of the material as it pass down between the

jaws is therefore not easy to be predict, but the broadly tendency must be

to increased the bulk density of material. The effect of absolute density of

the material on jaw crusher capacity is as follows

Specific gravity (A) 1.1} 1.9 2.7 3.0 44| 6.2
Capacity, tph (B) 100 | 170 | 380 | 435 | 640 | 950
BIA 91| 90| 140 145/ 145] 153

The settings also affect the capacities of jaw crushers. Figure

I.1.1.b. indicates the effect of alterlng the setting on the capacities of

some Jaw crushers.

2000

1000} 17
60 x 84 L
\
,1
s P
= 4B x60 //
la , ]
2 //
(=] L
Q. 200
100

Figure lll.1.1.b. Capacity of Blake jaw crusher at various setting for

three different feed openings

2

§

Closed setting, in

(4]

10

20

Jaw crushers are usually rated according to their receiving areas,

i.e. in term of width of plates x gape. The performance of the different

types of jaw crushers are compared in Table 11.3.1. Capacities of jaw
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crushers for different sizes are shown in Tables 11l.1.1.a & b. As, the
setting may be based on the opening or closed position of the bottom of
the swing jaw, a capacity table should specify which setting applies. The
closed position is most commonly used and is the basis for the values
given in table. The capacity is given in tons per hour for stone weighing
100 lbs/ft> (1602 kg/m®) when crushed.

il1.1.2. Output Production of Roll Crusher

Roll crushers are used for production' additional reduction in the
size of stone after the output of a quarry has been 'subjected to one or
more stages -of prior crushing. Commonly they are used as secondary
units. , -

The reduction ratio of a finished aggregate should be not greater
than 4 : 1. The feed size to the secondary unit is in reality the output size of
the jaw or other primary crusher. Based on this sequence, the product
desired will govern the roll setting. This setting governs the feed size to the
secondary unit. As the feed size td the secondary is the output of the
primary crusher, the jaw settings are therefore prescribed for this
production.

The maximum size of material that méy be fed to a crusher is
directly proportional to the diameter of the roll. If the feed contains stones
that are too large, the roll will not grip them and pull them through the
crusher. Hence, the roll crusher size is specified in terms of diameter of
the rolls. Another parameter which is of relevance in this regard is the
length of the roller. Thus, the roll crushers are specified by two sets of
numbers. The first set indicated the diameter of rollers while the second
- set refers to length of rollers.

Maximum rock size that can be fed into roll crusher can be
analyzed by considering the fact that the comminuting effect is achieved
by two roll surfaces gripping. The m.aterial between them and submitting
the material to a force imposed by one or both surfaces. The material may'
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b'e fed between the surfaces under the influence of gravity or assisted by
céntrifugal force.

A circular particle held between two circular surfaces is shown in
Figure 111.1.2., the angle between the tangents at the two points of contact
between the particle and the surfaces is called the angle of nip. |

Figure lll.1.2. Cross-section of double roll crusher 4]

There is an angle beyond which the surfaces fail to nip the particle,
which would slip when pressure was applied to it by the surfaces and
would thus not be broken. The maximum angle of nip at which a particle
can be gripped between two given sQrfaces is therefore a determinant of
the maximum particle diameter which can be’ comfninuted by nipping
between curved sﬁrfaces-. Figure 111.1.2 represents a general condition for
nipping with the simplifying assumption that the particle is spherical or,
more accurately, makes point contact with the other two surfaces and in
one place on each. The circular form of the particle is idealistic: real
particles’ will sometimes have more contact and will hardly ever be
spherical, but the circular form offers the most resistance to breaking for
this particular consideration.

The determination of the value of this maximum angle of hip may be
approached as follows. Let the particle in Figure Ill.1.2 receives a

compressive force C normal to the tangent at the point of contact and let
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the angle ‘of nip be 6. The particle will be gripped by the surfaces if the
vertical component of the compressive force C, i.e C sin 6/2, is not greater
than the vertical component of the frictional force opposing it’(ignoring' the
contribution from the weight of the particle, which is small but would assist
friction). NOW the frictional force is pC, where y is the coefficient of friction -
between the surfaces in the direction of the tangent to the point of contact,
and the vertical component of this is yC cos 6/2, where 6/2 is half the
angle of nip. Thus, for gripping '
| HUCCOsB/2>Csin6/2  of u>tan 82 oo, (I1-5)
Now the static coefficient of friction has values of which the following are
typical: o

Between steel and limestone 0.24

Between steel and marble 0.17 ,
These values would correspond with ahgles of nip of 27° and 20°
respectively. But this is the desired situation before the particle has
moved. Once the particle begins to move, the friction is reduced.

The method for determining the maximum angle of nip having been
established, a relationship will now be developed between the curvature of.
the gripping surfaces and the maximum diameter of particle which can be
gripped by them for a given maximum angle of nip 6. )

The first circumstance ‘to be considered is that of a particle of
diameter b gripped between the curved surfaces of two dissimilar cylinders
of diameter d; and dz, with the smallest distance separating them equal to
2a (Figure lII.1.2.).'Then the angle MNP is the angle of nip (0).

The first circumstance to be considered is that of a particle of
diameter ‘b’ gripped between the curved surfaces of two dissimilar
cylinders of diameter dy and d,, with the smallest distance éeparating them
equal to 2a (Figure 111.1.2.) then, the angle MNP is the angle of nip (8). As
MR and PR are radii of the particle, each of size 5/2, and the ahgles NMR
and NPR are right angles, because MN and. PN are tangents, while RN is
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common, the triangles MNR and NPR are congruent. In particular, angles
MNR and PNR are equal and therefore equal to 8/2. The angle BRS in
therefore 180° - 6 and, by the cosine rule,

2 2 2 2
d d
(_1+_d_2+2;3j =(_1+k_)}+=[9i+1_3) —2=(ﬁ+BIﬁ+}—DJ cos/BR¢
2 2 2 2 2 2 2 2N 2 2 :

But cos ZBRS = - cos 6. Completing the square, the right hand side of the

equation becomes:

2
(d—l + dz + bJ - 21 - cos 8)(d?l + E](gg + Ej

2 2 . 2 2 2
or
(b-2a)(d1 + d2 + 2a +b) = 2(1 — cosh) (d_l N E)(d_z N B)
) 2 2 2 2
=——1_;°Se(d1 + b) (dy + b)
and

(d1+b)(d2+b)—(b —2a)(dl+d2+2a+b) 1 + cos ©
(d; + b) (dy + D) | 2

or

fy vy 28 1+C0S0  cacet) i (111-6)
(d; + b) (dy + b) 2

In the special case or dy-= d; = d, e.g. two equal rolls or balls.

d+2a_\/1+cose
2

= cos8/2  (Case2) ... . (111-7)

d +b
In the special case of one surface being plane or ds = «, d> = d, e.g.

a rod or ball on a drum with a large enough diameter for its surface to be

considered flat:
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d + 2a '
S T _1rc0S0 ase ) (111-8)
d +Db 2 .

If the gripping surfaces are in contact, i.e. 2a = 0, e.g. when two rods or
balls touch,

d1d2 = 14050 ased) - (1-9)

(d; + b) (dy + b) 2

and when the diameters of the gripping surfaces are equal, e.g. when two

rods or balls of equal diameter touch,

do 1+ cos®b
d + b 2
or
d =cos®/2
d+ b
and
b b .
1+g = sec(®/2 or il sec (9 / 2) (Case 5)............... (111-10)

Thus, knowing the parameter like angle of nip and physical
characteristic of roll crusher, the feed size can be computed. However, in
view of the fact that the feed.is not spherical, the approximate method
which follows is more popular for determination of maximum feed size.

Figure II1.1.2 also reflect how the maximum rock size may be
determined. According to the typical coefficient of friction for stohes, the
angle could be about 30° for smooth shell. This angle applies to the static
condition and could apply when the rolls are moving slowly. However, as
will be discussed later, practice is to use high peripheral speeds and
angles in the range 11-25° are used by manufacturers. For rolls of unequal
diameter the relationship is (case -1)

(d; + 2a) (dy + 2a) 1+ cos®
(d; + b) (dy+Db) 2 -
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In which dy and d; are diameters of the rolls, 2a is the distance between
them and b is the diameter of the feed particle. For the more usual case of
equal roll diameters (case 2), the relationship simplifies to

d + 2a
d+ Db

=cos(®/2) .oueeenn.. RO PR (I1-14)

To take the range of angle used by manufacturers, this means that
(d+2a)/(d+b) can vary from 0.976 to 0.995. Now 2a is nominally the
maximum product size, so that reduction ration R is b/2a. Taking the mean
of the values in the above equation, say 0.985 (corresponding to 6 = 209),

and solving for b,

B=0015d +2.031a or =2 = r = 229159 5 516
2a 2a
R-1=2:085d A (I12)
2a 67x2a )

Another formula for determining the maximum rock size is by
assuming the angle of nip for .s'mooth shell to be 33° 30'. By geometry
then, the angle between the horizontal and the line to point of tangent
become equal to 16° 45’. On the basis of that, the maximum feed size for

equal roll diameter is determined as follows

if, r = % = radius of rolls

6 = angle of nip = 33° 30’
2a = distance between roll face = roll setting.

Then, referring to Figure 111.1.2., g = 16° 45’

B=rcos0/2 =rcos 16°45' =0.9575r
Xx=r-B =r1-09575r =0.0425r
Capacity of roll crusher will vary with the kind of stone, size of feed,

size of finish product desired, width of rolls, speed at which rolls rotates,
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uniformity of flow, and extent to the type of roll shell being used. Smooth
shell must be used when producing materials of ¥ in and under._From' Y2
in. to 1 in. a smooth shell and a fine corrugated will be found to give best’
results. Corrugated shells are recommended for the production of material
over 1 in. The combination of one smooth and one corrugated shell will
increased the stage of reduction over that of two smoofh shells. Likewise,
a greater stage of reduction over thét of one smooth and one corrugated
shell is obtained when both shell are corrugated.

The theoretical volume of solid ribbon of material passing between
the two rolls in 1 minute would be the product of the width of the opening
times the width of the rolls times the speed of the surface of the rolls. The
volume may  be expressed in cubic centimeters (cu.in.) or cubic feet
(cu.ft.). In actual practice the ribbon of crushed stone will never be solid. A
more realistic volume should approximate one-fourth to one-third of the
theoretical volume. A formula which may be used as a guidé in estimating |
the capacity of roll crushers is derived as follows; if,

C = distance between rolls = roll setting (= 2a in figure 111.1.2)
W = width of roll

S = peripheral speed of rolls

N = speed of rol

r = radius of rolls

Vi1 = theoretical volume

V2 = actual volume

Q = probable capacity
Then,

VIS C . W.S oo (11-13)

Assuming Vo=V/3

We get Vo, =CWS/3
If,'C and W are expressed in cms, then,
Vs =C W S /3 cm®/ min, for S in cms/min
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=CWS/3 x 10°% cum/min.

Similarly, if C and W are expressed in inches, then
Vo,  =CWS/3 in®/min, for S in inches/min
=CWS/3 x 1728 cu. ft./min. (1cu. ft. = 1728 cu. in.)

Again if the crushed stone weigh 1600 kg/cum or 1.6 tonne/cum, then Q
tones/hr. is given by
Q = 1.6 V2 . where V3 is in cum/hr.

= 1.6 x 60 X Eg-s- x 10°=48x10°CWS tones/hr.

Similarly, in FPS units, corresponding unit weigh of stone 100 Ibs/cft.

100
2000

Q =

X Vs, , for V;in cft/hr.

CWS
3x1728

00 X 60 X

CWS
1728

tons/hr.

also, S =2nrN, sothat Q in MKS units is given by

Q =48 x 10° x CW2nrN

Q =96x10° x CW2rrN tones/hr.  .ooooee..... (111-14)
and in FPS units, Q becomes - ‘

C W 2t r N-
1728

Q=

Q

=W rr N onshr e (1l1-15)
864 . '

Table 1ll.1.2.a and Table I1l.1.2.b provide production capacity of

smooth roll crusher for material weighing 100 Ibs per cu. ft. Such tables

can be used as guidance to determine capacity of roll crusher.
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l1.2. OUTPUT PRODUCTION OF VIBRATING SCREEN

Output production or capacity of screens is estimated in term of
material passing through a unit area of screen. Production capacity of
screen vary considerably depending upon various factors like inclination of
screen, rﬁovement of screen, type and surface condition of material being
handled. In steeply sloped screens the aggregate particles may hop rather
than drop through the screen. This is also true for too violently vibrated
screens. Wet materials can be screened more easily than dry material.
Rounded gravel is-easier to be screened than the crushed and angular
éggregate. If elongated or slab type material is being screened, then there
is increased likelihood that' the material may ride over the screen in
horizontal manner. In fact any aggregate parﬁcle traversing a screen
requires several chances for dropping through the screen opening.
Irregularly shaped aggregate particles may require many more
opportunities before their least dimension is so oriented as to allow
dropping through. It follows, therefore, that all the aggregate particles
passing through a screen must have at least one of their dimension
smaller than the screen opening. However, all such aggregate particles
whose least dimension is less than the screen openings do not pass .
through the screen in mass screening operations. Thus, computation of
output from a screen presents uncertainties which are difficult to be
assessed. h

As above stated, the production capacity is influenced by variety of
factors. The i'nfluence of screening efficiency, on the capacity also
warrants consideration. In general the lower the efficiency, the greater the
capacity. The other factors such as shape of grains, rate of flow, slope of.
screén, moisture content and extent of disparity in particles sizes (i.e.
percentages of aggregate particles smaller than the screen openings),
tend to vary the actual top size of particles passing through the screen
mesh. Hence, computation of capacity of screen or for that matter the
determination of dimension of the screen is done on the ,bésis of basic
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capacity in ton per hour per unit area of the screen to which suitable
correction factors are applied. There by taking care of variety of variables
involved. Some of the practices suggested for determination of screen

capacity are present herein after.

Peurifoy el

factors such as shown in Figure |ll.2.a and Table Ill.2.a up to lil.2.c for
calculation the capacity of screen. The basic capacity curve, Figure lll.2.a.,

recommends basic capacity chart and corresponding

‘gives screen capacity for dry screening and is based on material weighing
100 Ibs/ft’. The total correction factor which is the product of ;all relevant
factors, namely; efficiency of screen, location of screen deck and the
extent of disparity in particle size or aggregate size factor (Table Ill.2.a, b
& c., respectively) are multiplied and being applied to basic capacity. So

that'the corrected éapacity of screen Q, would be given by:

_ Q=ACEDG ..., ....(111-186)
Where, ‘
Q = comrected screen capacity , E = efficiency factor, from Table

ton/hr l.2.a.
A = area of screen, sq ft D = deck factor, from Table Il1l.2.b.
C = theoretical capacity of screen, G = aggregate size factor, from
TPH per sq ft, as read from Table lll.2.c
Fig.lll.2.a '

The formuta (l1l-15) “f_or screen capacity can be rewritten in following form

to determine minimum area of screen needed for a given capacity.

e (11-17)

It must be noted that the screen capacity as determined above is in term of

quantity of éggregate that will pass through the screen in one hour.
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Figure Il.2. a. Screen Capacity Chart '

Table.lll.2.a. Efficiency  Table.lll.2.b. Deck Factor Table.lll.2.c. Aggregate Size

Factor For Deck ‘Factor
Pemissible Efficency Deck ﬂl!mber fador % of eggregate ' Aggregate
Soeenefidency, | Factor 1 100 Lessthan %The size of Screen | Size
% ‘ ' apenin fectar
y 125 | il

95 1.00 10 050

90 125 3 1.50 20 070

85 150 4 175 30 080

80 1.75 40 1.00

75 200 50 1.20
L 140

70 180

80 220

a0 300
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Jagman Singh,[w] recommends use of basic capacity Tables and
corresponding factors which are given in Table Ill.2.d and Table lll.2.e,
respectively. It would be seen from the table that the basic capacity based
on 95 percent efficiency of screening, a unit weight of 100 Ibs/ftsvfor gravel
and crushers runs aggregates and of 135 Ibs/ft® for crusher run iron ore.
The correction factors take into consideration four factors, namely; deck
factor A, half size factor B, wet screening factor C, and oversize actor D.

Thus, in this case the corrected capacity would be;

Q=A1 CiABCD oo (I11-18)

Where,

Q = corrected screen capacity , ton/hr A = deck factor,

A: = area of screen, sq ft B = half size factor,

C1 = Basic capacity Qf scree-_n, : C = wet screening factor,
TPH per sq ft. (Table [il.2.d) G = oversize factor,

As in previous case formula (ll-17) can also be rewritten as :

A = o R (1-19)
c, A B CD

to determine the screening size for screening on specified quantity of

aggregates.

Table ill.2.d. Capacity in TPH (Short Ton) Per Square Foot of Screen Size of Opening [10]

118 |1/4 1318 11/2|5/8|3/4|7/8|1 [114|2 |2 |31/2]4
Crusher run 05/ 09| 1.2] 14| 16| 1.7)19]21] 2.7]3.1{34] 3.7[40
Gravel 08 101 14] 1711821} 24|25 3237|140 44|48
Crusherrunironore | 0.6] 1.1]1.6] 1.7] 198{2.1] 24]|25] 3.2/37]40] 44/48
Base on 95% screening effeciency

Crusher run and gravel based on 100/cu ft material

Iron ore based on 135/cu ft material

ITT-22



OUTPUT PRODUCTION OF EQUIPMENTS — Optimization “of Production from
Aggregate Processing Plant

Table lll.2.e. FACTORS [1%
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Recommendations of Stubbs!®! are given in Table lll.2.f., which is
includes basic capacity in tubular form and takes into consideration five
factors, namely, over size factor O, half size factor H, condition factor K,
weight factor W and deck factor D. it may noted that in this case the
capacity of screen is baséd on quantity of total feed to the screen in
confrast to the screen capacity recommendations of R.L. Peurifoy, which

are based on the quantity of aggregate that will pass through the screen...
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ATable 1. 2 f. Capacrt;es of Horrzontal Vrbratmg Screens (21

Screen area required : A =total feed + Actual capacity |
Actual Capacity: AC = (SC) x O x H x K x W x D, tphpersqft. !
Standard capacity : {SC) in tph per sq ft givenin Table | '

Table | gives the capacity of screen cioth in. tons per hour of total feed to deck per 1 sq ft of square
opening screen cloth, based on 25 per cent oversize and 40 per cent half size with 50 per cent open area,’

and 4 per cent moisture maximum, effeciency 90 per cent. Increase values in table 30 to 40 per cent for’
slotted screens 1/4 in. and less wide.

O = Oversize factor corresponding to per cent of total feed larger than the screen cloth
opening .. . ...Table ll
H = Half size factor correspondlng to per cent of total feed smaller than half the srze of the screen cloth
' Fo] L= 1 1o S TSRO OTPN Tablell .
* K = Condition factor corresponding to the physical condition of the material being
; SCIEENEA. .. ottt e e e e e Tabie lIl
. W = Weight factor corresponding to the weight of the material being screened..................... TablelV .
D = DeckFactor corresponding to the location of the screen deck being figured................... Table V
Table |
Screen |Capacity, |Screen |Capacity,|Screen |Capacity,|Screen |Capacity, . .
opening |tons/hr opening |tonsthr  [opening [tons/hr  |opening |tons/hr ;
in. in. in.
8M 1.1 112 38 11/4 8.0 2112 B40 j
1/8in. 13 5/8 43 | 1112 8.5 3 9.40 :
aM 1.8 34 4.7 134 70 312 | 1020 - L
1/4in. 25 7/8 5 2 75 4 11.00 :
3/8 3.3 1 5.5 21/4 8.0 4172 12.00 ‘
Table Il Table lll. Condition Factor
Oversize| Factor | Factor K
and for for Quarried material...............} 1.00
half size,| oversize |half size, Uncrushed material.............} 125
% 8] H Gravel, uncrushed............... 1.25
- Crushed rock and gravel...... 1.00
25 1.00 07
ao 1.03 08 Table IV. Weight Factor
35 1.08 09 W -
40 108 . 10 75 bcuft 075
45 - 1.13 1.1 100 b cuft 1.00
50 1.18 1.2 " 150 1b cu ft 1.50
55 1.28 1.3
60 1.32 14 Table V. Deck Factor :
65 142 15 D i
70 1.55 16 Top deck 1.00
75 1.75 1.7 Second deck D80

80 2.00 1.8 Third deck 0.75

Kellog,™

scale and five correctlon factors are given in Figure lI1.2.b. 1t will be seen

recommends use of a basic capacity chart on logarithmic

from the said Flgure that correctlon factors take into consideration five

variables namely, the deck posmon A half size factor, B; dry or wet

.. ,
v
&
Y
b
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screening factor, C; oversize factor, D; and efficiency factor, E. So that, the
capacity of screen would be given by |
Q=A1 CLABCDE .. (111-20)
Where, i ‘
Q = corrected screen capacity in tons per hour
A; = area of screen in cubic feet
C1 = basic capacity of screen in tons/hour per sq. ft. as read from Figure
H1.2.b.
A = deck factor from table in Figure ll1.2.b
B = half size factor from table in Figure Ill.2tb
C = wet screening factor from table in Figure lll.2.b (in case of dry
screening value of C = 1 is recommended)
D = oversize factor from table in Figure 1l1.2.b.
E = efficiency factor from table in Figure [11.2.b
As in previous cases, the formula (l11-19) can be used for estimating

screen size as follows;

Ay = O e, (11-21)

C;, A B CDE

Recommendations of Telsmith,m are given in Table 111.2.g., which |
have been included in this dissertation in the form of first hand information
from manufacturers. It will be seen from the said table that in this case the
basic capacity, A, is based upon the quantity of aggregates passing
through the. screen, and that five variables, considered in the form of
correction factdrs are oversize factor, B; efficiéncy factor, C; half size

factor, D; wet screening factor, E; and the deck factor, F.

Havers and Stubbs!? gives one of the most exhaustive fbrmulation
for determination of capacity of screens which takes into account as many

as ten factors. They recommend use of following formula for determining
permissible total feed inclusive of ov ek SRigi{o the screen,
’ R
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A=BSDVHTKPWOM .oieieeeeieiiiiei. (11-22)

Where,
A =permissible total feed (oversize T =slot factor

plus undersize) to screen deck in K = condition factor

tons/hour per sq. fi. P = shape factor
B =basic capacity of screen in W = weight factor

tons/hour per sq. ft. O = open area factor
S = factor for angle of incline M =wet screening factor which is
D = deck factor recommended to be omitted for
V = oversize factor dry screening. .
H = half size factor .

While various factors as appearing on the right hand side of above
equation are given in Table 111.2.h. The opening area; factor O warrants

use of Table lll.2.i which gives percentage of open areas in screens of
various types.
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FACTORS
B C D
Correcting for Amount of With water spray Estimeted
No.of screening aggregate feed to |directly on screen per cent of
decks above deck less than oversize feed
1/2 opening screen
Screen | Factor | % over- {Factor
Deck A B opening size
Top... 1 10 % S 10 1.05
Second... .. 80 20 % A O 20 1.00
Third......... 80 30 % 8. o 30 1.00
Fourth....... 10 40 % 1.0 U R 40 95
% Efficiency| Factor 50 % 1.2 3/16 350 50 90
‘ E 60 % 14 5(16 3.00 60 85
98 9 70 % 1.8 - 3/8 2.50 70 80
g5 . 1 80 % 1.8 12 1.75 80 70
90 1.15 90 % 1.8 1 1.25 80 .60
80 155 82 50
70 18 94 44
60 2 96 .35
50 - 23 98 .20
" g
L]
178" Y I " g‘o'l
; L% ]
P AN\ “ @ 2
] \ 1 Q
378" N\ &
142 i\;g t.é
i
'?;f;g —— L o
4 ra)
1.9 2
"@4 . (]
A 1S "\\
R g
L , 2.0
e
' 4.0
0 1 R 4 5
SCREEN CAPACITY, TONS/HR./BQFT,

Figure ll.2.b. Capacities of vibrating screens. based on 95% screening efficiency, 110 Ib per

. cu ft material. (Curves and Factor A, B, C, D courtesy Pioneer Engineering Work, lnc.)m
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‘Table Iil.2.h. Screen Capacity Factors 2]

Basic capacity B* Factor S Factor D
Screen Screen Screen Angle of
size, size, size, Incline, degrees| S Deck D
uUs. us. us. Harizontal 120 |[Top 1.00
Standard| B | Standard} B { Standard| B 5 1.15 }second 0.90
10 1.65 |Third 0.80
No. 20 | 0.65 7/8 5.1 23/4 8.80 16 1.00 |Fourth 0.70
No. 10 | 0.99 1 5.5 2718 9.00 20 0.95
No. 8 1.1 11/8 58 3 9.25 .
No. 7 1.24 114 B.1 318 9.50 Oversle factor, V ; half size factor, H
No.B 1.39 138 8.3 31/4 9.15 Percent  [Oversize| Half size||Per centiOversize|Half size
No. 5 157 1172 6.5 338 10.00 of factor, | factor, of factor, | factor,
No. 4 1.80 15/8 6.8 3142 10.25 feed” V H feed* Vv H
t/4in. | 2.50 134 7.0 35/ 10.50 D 0.91 0.40 50 1.18 1.2
5MBin. | 2.75 178 7.3 3314 10.70 5 092 045 55 125 13
IBin. | 3.20 2 75 37/8 10.80 10 0.93 0.50 60 133 14
716in. | 3.50 21/8 137 4 11.20 15 0.80 0.55 T 85 142 15
1/2in. | 3.80 214 78 41/8 11.40 20 0497 0.60 70 1.55 16
9/18in. | 4.20 2318 8.2 41/4 11.60 25 1.00 0.70 75 1.75 1.7
&/8in. | 4.50 2112 8.4 438 .1 11.80 30 1.03 0.80 80 2.00 18
11/18in. | 4.70 25/8 8.6 4112 12.10 35 1.06 080 85 280 1.8
3Min. | 4.80 40 1.08 1.00 90 340 20
“Capacity in tph/sq ft feed to deck. Wire cloth has 45 1.13 1.10 95 430 2.1
squars openings with 50 percent open area; “For F factor, per cent of feed not passing opening. For H factor
feed is 40 percent half-size, 25 per cent over- per cent of feed les than half the screen opening size.
size ; weight of screened material is 100 pef.
Efficiency, 90 per cent. If a 75 per cent screening Slot factor, T
“efficiency is acceptable, such as in scalping, For square openings, the factor is 1.00. For long-slot screens
multiply th tabulated values by 1.5. and round openings, the factor are ;
Slot length 6 or more times width 160
Condition factor, K Slot iength 3 to 6 more times width 140
Tenacity andfor surface moisture condition K Slot length 2 to 3 more times width cevveeere. 140
Wet, muddy, or otherwise sticky rock ; Rounds openings... .. cccuceeeiiresiienesriamiieiiinrsan.. 0.80
gravel,sand, etC.................eee.ee. 0.75
Surface-wet quarried or mined material ; Welight Factor, W
material from stockpiles with surface For screened material weighing 100 pcf, the factoris 1.00.
moisture greater than 6 per cent but For other weights, factor is proportional, e.g., 0.5 for 50 pcf ;
NONMYQrOSCOPIC....veoievee e, 0.85 | - [1.25for 125 pcf, etc.
Dry pit-run material; dry, lumpy, crushed -
rock. Surface moisture less than
APOrCONL.....oucceiiiiiiiieie e 1.00 . Open area factor, O
Naturally dy materials, uncrushed ; For 50 per cent open area, the factoris 1.0 ; for 40 percent, it
materials that have been dried prior is 0.8 ; for 45 per cent, 0.9 ; for 60 per cent, 1.2 ; and so on.
to screening ; or materials screened
whilehot..........cooooviviiiiiies 1.25
Wet screening factor, M
Shape factor, P Size M Size M -
Elongated Elongated opening, in. opening,
particles, particles, in. in.
percent P percent P 1732 1.28 5118 1.90
5 1.00 40 0.75 116 1.50 3/8 1.75
10 0.85 50 0.70 1/8 1.75 112 1.50
18 0.90 60 0.85 JIM6 - 1.80 34 1.08
20 0.85 70 0.60 144 1 200
30 0.80 80 0.55 Use factor M when water is added to the

The first collumn represents the percent of
elongated feed paricles that have more
than a 3-to-1 ratio of length of width, and
that have a width larger than half the
aperture width but smaller than one and
3 half times the.aperture width,

material at a rate of 5 te 10 gpm for each tph.
NOTE : For feed sizes larger than 1/2 in., wet
screening becomes much less effective. For
size 20 mesh and smal_ler, wel screening
poses problems.
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Table I1.2.i. Clear Opening, Wire Diameter, and Open Area in Production

Screens (21
Light Standard Light Standard heawy Heawy
Clear Wire Open Wire Open Wire Open Wire Open
opening, | diameter,{ area, |diameter,| area, |diameter,| area, I|diameter| area,
in. in. percent in. percent in. percent in. percent |
4 172. 780 5/8 748 344 709 1 8640 |
3172 71186 79.0 112 76.6 5/8 720 3/4 678
3 © 7116 76.2 112 73.5 518 . BB.5 34 64.0
234 3/8 774 7418 744 112 718 5/8 664
2112 3/8 756 7118 724 12 694 518 640
2144 e 734 7/18 70.1 112 66.9 5/8 61.2
-2 516 748 3/8 70.9 7/16 67.3 112 64.0
13/4 51186 719 3/8 67.8 716 64.0 - 142 60.5
11/2 1/4 734 5/16 68.5 3/8 64.0 716 58.9
13/8 1714 75 518 'B6.5 3/8 618 116 575
11/4 1/4 694 9116 640 3/8 59.2 716 548
1 18 0.225 69.6 1/4 B67.0 5/16 B61.0 3/8 55.7
1 - 0.225 66.6 1/4 64.0 5/1B 58.0 3/8 529
7/8 0.207 65.3 0.225 63.3 1/4 60.5 5/18 543
3/4 0.192 B34 0.207 614 1/4 58.3 5116 . 498
5/8 0.177 80.7 0.192 58.5 0.225 540 1/4 510
12 0.162 571 0177 54 5 0.192 522 0.225 438
7/18 0.148 55.8 0.162 53.2 0.177 50.7 0.192 .| 483
3/8 0.135 54.1 0.148 514 |. D.182 487 0.177 48.1
5/16 0.12 52.2 0.135 48.8 0.148 48.0 0.162 434
114 0.105 496 0.12 456 0.135 422 0.148 394
3/16 0.08 491 0.092 451 . 0.12 37.2 0.135 338
1/8 0.054 48.7 0.072 40.2 0.092 334 0.105 285
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111.3. ANALYSIS OF SIZE OF AGGREGATE PRODUCED BY

CRUSHERS .

After a lump of solid has been cruéhed, it usually breaks into pieces
apparently irregular in humber, shape and size. On entry of the feed to the
machine, the largest pie‘ces might be thought most susceptible to attack
and the smallest the least susceptible, because they can most easily
‘evade the crushing agents whatever they might be. The intermediafe sizes
might be thought to be affected acc-ordihgffc_o théir size, but not necessarily
'dir'ectly proportio,nally.'The generai affect. of crushing would therefore be
exbected to be narrowing of the size range, with remnants of the largest
particles gradtjally -disappearing but still_fbrming'the size through which
100% passes though with decr‘easing cléims to significance. A series of
changes such as are shown in Figure Ill.é.a might be thought possible as
the product is charged and recharged to ':the macﬁine. The feed graph is
fepresented as a straight li.ne for. simplicity. The first run through (1)
_contains a significant part of the original‘larger fractions, the second (Il)-
less and so on. |

"For quantlfymg size distribution, the Gaussuan relationship is used

as per suggested by Lowrison 4] , the Gaussnan relatlonshlp has the form:

= x|, ' (11-23)
y—hﬂ\/; egp —?] eeeeann R

in which ‘y is the nﬁmber’ of items héving the dimension ‘x’ in the quality

being considered; h is the constant and' m -has its usual constant value.
Such a relationship, whén ‘plotted as a graph, produced a bell-shaped
curve, as shown in Figure 111.3.b. The integrated form of this equation, i.e.
the summatioﬁ of the numbers of of items between two limit of the
dimension x, e.g. Xy and Xg; is given by |

1 1 X2 _ 1 tan“l }y X2 .
- ,[;h 7 P R T h \/;K 5 hﬂ e, (n-24)

X1
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This equation when plotted as a function of x has the form indicated
in Figure 1lI1.3.b. If in the size distribution of a particle in a product of
crushing, y is taken to be the weight or volume of material in the mean of a
narrow sieve range defined by x, x may be plotted against y and a
distribution curve obtained. If the intégrafed form is taken to be the sum of
the weights or volumes of the particles less than a certain size, say x;, i.e.
if the probability equation is the equivalent of the integral between the limit
of zero size and x, and this integrated form is plotted against x, a
cumulative curve is obtained (Figure ll.3.b.). . ) _

it ié known that the setting of the discharge opening of a crusher will
determine the maximum size stone produced, the aggregate size will
range from slightly greater than the crusher setting to fine dust. Experience
indicate that for any given setting for a jaw and also for roll crusher,
approximately 15 percent of the total amount of stone passing through the
crusher will be greater than the setting.

Generally, instead of theoretically formulation, for determining
passing quantity through a certain sieve or gradation, the manufacturers
has provide some product gradation tables/ charts/ graph that indicate the
amount of stone aggregate in different size ranges for any given setting of
crusher. Chart in Figure Hi.3.c, graph‘ in Fig. 111.3.d. and Table 1i1.3, give
representative values for the percent of crushed stone passing through or
retained on screens having various sizes of openings for different jaw
crusher settings. While, graph in Figure ll.3.e supplies the percentage of
product gradation of rdll crushers. Similarly, tables, graph, and charts have
also been recommended by manufacturers for assessing the gradation
from the roll crusher. Some of the recommended gradation charts and
tables are common between roll and other crusher. For example Figure
ll.3.c., has been recommended for estimating product gradation of both
roll and jaw crusher. |
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Sieve size x

Figure lll.3.a. Repeated Passage thfough Crushing Machine at Fixed Setting [43
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Figure lll.3.b. Particle Size Distribution and Cumulative Curves

for Gaussian and Actual Case 4
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Figure Ill.3.d. Jaw Crusher Product Size (Different Crusher) at Different Setting 1
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MATHEMATICAL MODEL FOR OPTIMIZATION
AGGEGATE PROCESSING PLANT

IV.1. INTRODUCTION

Mathematical model is generally constructed to represent the
system» being studied. A model is an idealized representation of the real
life -situation. The objective of the .model is to provide a means for
analyzing the behavior of the system for the purpose of improving its
performance. Mathematical model or conceptual model may be in the form
of equations or formulae developed to relate important factors or variables
of the operations under study. The model then can be tested and operated
upon mathematically to determine the effect of changing the values of
variables. ' |

When a physical problem is expressed mathematically or as is
generally known, in form of a mathematical model, the expression defining
the objective (minimization. or maximization) is termed objective function,
different conditions which the objective has to satisfy are termed
constraints, and the entire problem consisting of the objective functioﬁ and"
constraints is termed optimization problem. Mathematically, such an
optimizatiqn problem can be expressed as

Optimize, Z =f (x4, X2, ..... Xn ) (IV—a)
Subject to - | : :
g1 (x1 (X e ,xn) ] 'bl-
go (xl 1X2 e ,xn) < | b2

I
o
<
o
N

................................

\

b
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Equation (Iv-a) represents the objective function which involves
optimization (minimization or maximization) of Z having n parameters or
decision variables x4, Xo,......Xn. Equation (IV-b) represents a set of m
constraints, expressed as equalities or inequalities.

An optimization method that 'can be used for the optimization
production of aggregate processing plant is linear programming. Linear
programming is applicable for optimization of problems when the objective
function and constraints are-linear functions of the decisions variables.
Each problem in linear optimization can differ in terms of the objective
function (the objective can be either to minimize or maximize a function),
as well as in terms of the linear constraints (equality constraints, inequality

constraints, smaller or equal).

The standard form of a linear programming problem is as follow:

Objective
Max Z=cyXs+ CoXo+...+ CpXn
Subject-to
.
ai-1 X1 + ai-2 x2 t -.. + a-n xn = b1
as-1 X1 + az-2 X2 t+ ... + ax-n Xp = b2
am X1 * amez X2 *+ ... * amn Xn = bnmn |
And x4=20,x20,........ , Xn2 0
In which , '
Clyunnens ,Cnibq ... , bm ;and aq.q,...... . amn are known as constants and
) TP ,Xn are the decision variables.
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IV.2. GENERAL MODEL FOR CRUSHER ¥!
IV.2.1. Crusher’s Setting

The output capacity of a crusher depends upon the closed side
opening of crusher. If  is labeled as setting option of closed side opening
and there are a total of n options for the setting (i.e.:. j= 1,2,...... ....n) then
the output capabity of a crusher (say S), corresponding to each setting can
be labeled as Sy, Sz, ..., Snatoption1,2, ..., n, respectively. It can be
obtained from manual of crusher. )

IV.2.2. Crusher’s Streams A

The material flowing through a conveyor is defined as a flow
stream. A flow stream has two major attribute; flow rate and gradation.
Flow rate is defined as the quantity of materials flowing through the stream
per hour (in tons per hour). Gradation is defined as .the percent of the flow
stream passing through a serial of sieve sizes.

Figure IV.2.2 shows flow streams of a crusher.

x,—\

.

Figure IV.2.2. Flow streams of a crusher.

a. Flow rate of crusher’s streams

The variables x1 and xz shown in Figure IV.2.2 are the flow streams
of the input and output of the crusher, respectively, and they should satisfy
the following constraint at the stéady state:

X4 = Xz (input = output)
Output stream can not be higher than given capacity of the crusher. So,

the output capacity of stream, x illustrated in Figure.lV.2.2 can be
expressed as

Iv-3



MATHEMATICAL MODE!L FOR OPTIMIZATION OF AGGREGATE PROCESSING PLANT —
Optimization of Production From Aggregate Processing Plant

X2 £ §;

As, the given capacity of crusher, S; in the right hand side of above
expression depend on its given setting, range between 1 to n and only one
setting option is allowed to be selected then a decision variable with a

value of either 0 or 1 is defined corresponding to each setting option as
follow

1 ifoption i selected .
zi = . . . {1 <i<n}
0 ifoption i notselected
Then, S;can be rewritten as
n
S;= z3 S5
j=0
And, equation (IV-2) can be expressed as,
. .
X2 < Z5 S_'} ........................................................ .(|V"3)

j=0
b. Gradation of crusher’s streams
Gradation of the output stream of a crusher depends upon the

closed side opening of crusher and opening size of screen. If  is labeled

as setting option of crusher where there are a total of n options for the

then the gradation corresponding to the both setting can be labeled
generally as Dj at option j and k, respectively. It can be obtained from

manual.

So, the gradation of the output stream (xp) in Figure IV.2.2 is
calculated by

Cox = Sz5D5%  K=1,2, e, i (sieve options) .......ece..... (IV-4)
5=0
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IV.3. GENERAL MODEL FOR SCREENS 8
IV.3.1. Screen’s Setting

Since, the size of graded stone produced by a plant should fulfill the -
job requirement in which the output product should pass through selected
sieve sizes which is varies in range, then the opening of a screen deck

should be set also with the same selected sizes.
Generally we can arrange the gradatioh of output stream X; }fvhich

passed through the sieve sizes ak labeled by Ci as in Table IV.3.1.

Table I1V.3.1. An example of general tabulation of gradation of flow streams

Stream |gp >1ai =!a2 =|laz =1|..... U ST S ak =
5%11 5%11 4%!1 3%1: %n
(1 ) (3) (4) (5) (26)
Xi Cio |Cir |Ciz |[Ciz |- SR T | Cik

So, the opening of a screen deck can be set at any size in the range from

aq to ak.

Let all feasible settings of the screen deck be represented.in an

increasing order labeled as by, b, . .. ,bqg in which ‘q’ denotes the number
of opening options. The percent of the input stream passing through the
corresponding opening sizes of by, bs, . . . ,bq are represented by : Bqg1, Ba2,

. . ., Bdq, respectively; then

Bgi = Cix. likewiseb; = ax {1 <k <..} ... (Iv-5)
where
Cik - = percent of the input stream passing through sieve size ay; and
d = either t or b, corresponding to the top or bottom deck of a screen.

Iv-5
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A decision variable whose value is 1 or 0 is defined to associate
with the setting of a screen deck. The variable takes a value of one if its

corresponding option is selc_acted; otherwise, it takes zero. Mathematically,

1 iftheopening = b;

, = =1,2,3,..c.00 e -
Yai {0 iftheopening # b; I 23, 9 (IV-6)
or,

q
2 Vai T 1 (IV-7)
i=0

Equation (IV-7) means that only one option can be selected for each deck.

IV.3.2. Screen’s Streams

A screen separates input materials into multiple output streams
based on the numbers of deck in which each output stream will have its |
own flow rate and gradation. Generally, double deck screens are widely

used in aggregate production plant. There are three possible models of the

double deck screen inside a plant, i.e.
1) Screen with one input stream
2) Screen with two input streams

3) Screen with cycling crusher

1V.3.2.1. Screen with one input stream .
A double deck screen, as shown in Figure 1V.3.2.1, separates the

fed material of x; into three output stream, i.e. X2, Xa, X4 respectively.
\ .

|__'X4

Figure 1V.3.2.1. Flow streams of double deck screen with one input stream

X4

Iv-6
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The following constraints should be satisfied: .
The production rate of a screen cannot exceed its capabi'lities, ie.

X1 S Qe el (IV-8)

XU = X3 < Qb eeeeeeeeeeee SO U TS U U RURRR (IV-9)
. where, Q; and Qp are capacities of the top deck and the bottom deck, -
respéctively. '

Stream X
., The quantity of materials in a size range should be unchanged
before and after screening separation. Therefore, we get the expression of
x1 as follow - _
X1 =Xz + X3+ X4 (input=output) . (IV-10)
" From Figure IV.3.2.1, the stream x4 is as input stream. it may be
raw material dumped by loader or output material from other equipment
such as crusher. Gradation of the input material can be determined by |
passing it through the series -of sieve. Usually, ‘gradation of the output
product of crﬁshers- can be found from the crusher's manual. \
Stream x,; -
a. Flow rate of stream x, -

The stream retained (xo) dn the top deck is the portion of input
stream whose size is larger than the opening size of the top deck of the
screen. _ | ‘

If the top deck of the screen have the opening size of bm, then -
referring to equation (V-7) yim = 1 where {1 < m < q}. The flow rate of the

retained stream (x2) can be calculated by

_ (00 < Beg)
1
100

X2 e e e (IV-1\1) )

Where, Btm denotes the percent of the stream passing through the top
deck. 4 , |
Because only one opening option can be selected, then - .

Btm = ZOY“' Bt.’% HEEER TR PP PP ST ......... (iVv-12)

1
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. Replacing By, in equation (IV-11) with (IV-12), we get :

g
(100 — X Yei Btij :
Xo = . 2=0 X1 e e (IV-13)
100 :

" b. Gradation of stream x

It is said that, gradation can be determined by passing the material
through the series of sieves having differént size labeled by a;.

Gradation of material is influenced by the retain rate on a given
sieve.size aj;. On the sieve size a;, retain rate, r; is equaks to the> Tetain
quantity, R; divided by the stream flow rate, x;.

Refers to Figure 1V.3.2.1., the quantity of retain material on sieve

size a; can be calculated by

R = @00-¢cu), e, (IV-14)
100

Then, the retain rate on the sieve size a; is

= 100 R; _ (100 - Cii)x1-
= =

...................... weveern(IV-15)
- X2 ’ X2

So, {he grédé’tidﬁ of stream x; (i.e. p,ercentagje of material will pass through

» ‘sieve size a|);'ié calculated by 100% minus the retained rate as follows

(100 - Cli) X1 . '
if a; 2 b
"~ i m ...(IV-16)
0 . ) if a;j < bm

Where,

a; > b, denotes sieve sizes greater than the opening b, of the top deck.

100 — r; = 100 —

Ca =

a; < by, denotes sieve sizes smaller than screen opening.

It is known that gradation of x, will be found only after passing it
through the series of sieve sizes and the size of these series of sieve may

have dimension that either less than the oversize material or bigger than

Iv-8
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that, then by referriﬁg ‘to equation (IV-5), (IV-6), (IV-7) a decision variable
is introduced as follow,

_ {1 if ai < bnp

S DO V-17

Finally, the gradation of the oversize stream x, can be determined by
combining equation (IV-16) and (IV-17) into

Co .-,-(100 ~ (oo - Ch‘)xi] .[1 - éytj} oot (IV-18)

X2

Xz is replaced by that of in equation (IV-11) then

o = 10011 100 - ¢y . —.lz'y’tj) ________ (IV-19)

q S,
100 -— Zytj Btj J=1
=0

Stream x4
a. Flow rate of stream x4

Strea.m X4 is the portion of the input stream (i.e. stream X1) whose
size ‘of material is smaller than the opening size of the bottom deck.

If the bottom deck of the screen have the openmg S|ze of b.,, then

bn = 1 {0 < n < q}. The flow rate of the stream passing through x4 can be
calculated as ) '
Bbn ‘ ' Py
e e ' T T TR IV 20
xa = 2o _ (v 20)

As only one opening option can be selected, then -

an = Z ybl Bhi  ctecieiiiiiie ittt it i i i et se e sat et s ceeenen (IV 21)
0 .

So, xq= -2 —2 X1 - (IV 22)
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b. Gradation of stream x4
Retain material on sieve size a; as per equation (1V-14) is

R = Cm—Cid

100
Retained rate of stream x4 on sieve size a; is calculated by,
00 R; - ,
= 290Ri - (le.' Cad) X1 (IV-23)
X4 X4

The gradation of stream x4 is calculated by 100% minus the
retained rate as follows |

Ca= 100 — €10 = Culx . for a < by .....(IV-24)
X4

Where,

a; < bp denotes sieve sizes less than the opening b, of the bottom deck.

Similarly, a decision variable is introduced as follow,

i 1 if a; < by - '
e T OO IV-25
j§=:0-YbJ {0 if a; > bn . ( )
The gradation of stream X is |
Cq = (100 _ (Cln - Cli) X1J ( i ij} ................................. (IV-26)
X4 §=0 ]
Substituting the value of x4 from equation (IV-22) to (V-26) we get
Cai =100 |1 - C‘;l” ~ Cui [inj} ......................... (IV-27)
Ybj Bpj M
=0

Stream Xx3

a. Flow rate of stream x3

.Stream Xx; is the portion of the input stream between the opening
sizes of the top deck and the bottom deck. Then x3 can be expressed as:

Iv-10
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g - g
2 Yei Bti— 2 Ypi Bobi
— \i=0 : i=0 -

X3 = X1

.................. iv-28
100 ¢ )

b. Gradation of stream x3
Retained material on sieve size a; as per equation (IV-14) is as

R, = (Cln — Cli) X1

100
Retained rate of stream x4 on sieve size a; is
o= 008 _ (G - G (IV-29)
. X3 X3 .

The gradation of stream xs is calculated by 100% minus the retained rate
as follows

Casi= 100 - Cin = cidx , for bm = a > b,
X3

e, (IV-30)

Where, b, = a = b, , denotes sieve sizes lesser than the opening size

bm of the top deck but greater than the opening size b, of the bottom deck.

As the gradation of stream xs is in range between the opening of top
and bottom deck then two decision variable is introduced corresponding to
opening size of each deck as follow,

{1 if a; < bp

i

. = which is similar to equation (IV-17).
7 o_yt'7 0 if ai > ,.bg @ ( )
And
i _ 1 if a; £ by '
j\éoybj {o IE ay > py e (IV-31)
Gradation of stream x; can bé calculated by
100 - - ; i i
Csi =[ (C1m C11) Xl) { 3 yth (1 _ yij ............... (IV-32)
X3 j=0 F=0

Substituting the value of x4 from equation (1V-28) to (V-32) we get

Iv-11
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= Cim_— C = 2
Cs = 100 1 - 5 im qll [ goytj] (1 E:OYbJ]
Z _YtJ Bt] E .ij Bb_‘] = 7=
j=0 j=0
.......................................................................................... (IV-33)

IV.3.2.2. Screen with two input streams

it is common to see two input stream feeding a screen or a crusher
as in Fig.IV.3.2.2, x, and Xs are the input stream.

({Inputted Material)
Xy X5
- Xz (Over Size)
TOP DECK
- X3 (Medium Size)
BOTTOM DECK

P X 4 (Under Size)

Figure IV.3.2.2. Flow streams of double deck screen with two input streams

a. Flow rate

Obviously, the flow rate of the combined stream is equal to the sum
of the flow rates of the two original streams. The combined flow rates can
be labeled as x'°. ’

15 = X1 + Xs

b. Gradation

.................. e (IV-34)

According to equation (IV-14), the quantity of material retain at size
a; for both streams can be calculated by:

Ry = 0o ;Ofli) X1 for stream x; which is similar to equation (IV-14)

and for stream Xs ;

R = (100 - csi) x5
100

e (IV-35)

Iv-12
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The retain rate of the combined stream on sieve size a; is
— 100 (Rii + Rsi). (100 - ci5)x;x + (100

Csi) x5 .(IV-36)

i (1 + x5) X1 +t Xs

The gradation of the combined stream can be calculated as

cls = 100 - = 100 - (oo - cii)x1 + (loo - CSi)XS'__'”(Iv_37)‘

X1 *+ X5

1V.3.2.3. Screen with closed circuif‘operéting crusher -

A crusher is often used with a screen as illustrated in Fig.lv.2.2.3..
The crusher reduces the size of the oversize stream (stream x2), and the
crushed materials from the cruéher are routed back to the same screen for

further separation.

X ‘\XS @

X2 {Ovar Slze)

TOP DECK

- X 5 (MMecium Size)

l—> X 4 (Under Size)

Figure 1V.3.2.3. Flow Stream of double deck screen with closed circuit operating crusher

BOTTOMDECK

a. Flow rate

It was shown that oversize, medium size and under size portion is
influenced only by one input. stream. Likewise, the procedure for
determining these same portions from twb input stream is processed. The
portion of two original inputted streams must be combined.

The openings size of the top and bottom decks of screen in Figure
IV.3.2.3, are represented by b, and b,. The percent of the stream passing
through the two sizes are Cy,; and Cs, for stream xj, and Csp and Cs, for -
stream xs, respectively. '

The fiow rate of the oversiz_e stream can be calculated as

Iv-13
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100 — - |
Xp = ( Clm) X1 + (io—g——cl—n) Xs ' ttiseceieeanar e
100 100

(IV-38)

The first part of the right-hand side of equation (IV-38) represents
the oversize portion from stream x;, and the second part is the re-
separated oversize portion from the crushed stream xs.

The input and output of the crusher should be balanced, i.e.

X2 = Xs e e e (IV-39)
 Equation (IV-38) can be rewritten as

= (100 - Clm) X4

e (IV-40)
Csm

X2

b. Gradation

Procedure to determine the gradation of input material of this model
ié similar to that of equation (IV-37). For this model, stream xs should be
replaced by xs from equation (IV-40). Then, the gradation is labeled with
the same label in above model as ¢13, in which
cis = 100 - (100 - ci)x1 + (00 - Csi)xs

X1 * Xs

@00 - cin)

Csm

.................. (IV-41)

Replacing xs with X1, the gradation can be calculated by

c15 = 100 - (100 - 1) Csm + (100 - ¢s:)100 — Cip) ... (IV-42)
:_LOO * Csm — Cim

IV.4. LINEAR MODEL OF SCREEN AND CRUSHER

If the setting of each screen and crusher '.are fixed at one option,
‘two sets of the setting variables Y and Z can be removed from the non-
linear model, and is simplified into a linear one with flow rates as the only
variables. ' _

With reference to Figure IV.3.2.1, if the fop and bottom decks of the
screen are set at opehing size by and by, the percent of the feed stream

passing through the two sizes are Cy,, and Cun, respectively. Ci1n and Cin

Iv-14-
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are the constant value that may be taken from manual provided by

manufacture.

By referring to equations (IV-8) to (IV-33), the constraints of a
double deck screen can be summarized as follows with capacity

constraints (IV-8) and (IV-9) unchanged:

2

"(Cln)
= Xln/ y
X = Too

x3= i = Cin) o

X1 = X2 + X3 + X4 (input = output)

Ca =

Csi =

- Ca

Where,

X, = (100 — Clm) X4

100

100

100 1 - 299
100

0

100

100 [1 - Cim
Clm

0

100

ai 2 b
d‘
11] by = aj = b
Cln

ai < b

ax > b2

100 (1 - Gin

b2

Cin

11) ak <

........................................................

(IV-43)

e (IV-45)

(IV-46)

...... e {IV-4T7)

(IV-48)°

(1v-49)

Cim is percentage of material in stream ‘x;’ passing thfough top

deck of screen having opening size ‘a,,’

Iv-15
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e S p—

C1n is percentage of material in stream ‘x4’ passihg through bottom

deck of screen having opening size ‘a,’

C4; is percentage of material in stream ‘X’ passing through sieve

having opening size ‘a;’

Crusher _

If gradation of the output stream is represented by D; , which can be
obtained from the manual or in situ test , then

Coi = Di =12, e, K _(sieve sizes options)

If a crusher's closed side opening is set at a constant value, b3 then
equation (IV-3) become as follow

X2 S O3 e e (IV-50)
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METHODOLOGY

V.1. INTRODUCTION
For determining the maximum production from an aggregate

processing plant, following is needed:

a) gradation of all streams within the plant

b) actual capacity of crushers and screens

c) constraints of the plant _
On the basis of this information, it is desired:

i) to calculate maximum production rate of aggregate plant at a certain
setting of equipment

i) to calculate the highest production rate of aggregate plant from all
pbssible settings of equipments '

V.2, METHOD FOR DETERMINATION OF STREAM GRADATION AND
CONSTRAINTS OF PLANT .

Streams of every type of equipment within an aggregate processing
plant have two attributes, namely
1. gradation
2. flow rate

STREAM -1

ey

—1— = STREAM-2 .

——w= STREAM-3

STREAM-4

Figure V.2. Input / output streams of double deck screen ‘

v-1
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For constructing mathematical model of equipment then the gradation
and the flow rate of any stream within the plant should be expressed or
symbolized mathematically. In thie chapter, gradation is symbolized by ‘C
and flow rate is symbolized by ‘x'. ‘ '

Usually stream of equipment is more than one, so that its gradation
and flow rate are symbolized differently. For example a double deck
screen shown in Figure V.2., have four streams then
Flow rate of stream — 1 is symbolized by x;

Flow rate of stream — 2 is symbolized by x»
Flow rate of stream — 3 is symbolized by x3
Flow rate of stream — 4 is symbolized by x4
While,

Gradation of stream — 1 is.symbolized by C4
Gradation of stream — 2 is symbolized by C>
Gradation of stream — 3 is symbolized by Cs
Gradatlon of stream —4 is symbollzed by C4

Followed by a suffix ' m', ‘n" or'i’, like Cim, Cin- Or Cq; indicating
percentage of stream-1 that passes through an opening size ‘an’ or ‘ay’ or
‘ay of a screen.

To know gradation of every stream then the material within the
stream should be passed through the series of sieves having different
opening sizes a1, az, as, ..... ,an. Generalized by ‘ a; * , where i = 1"'2 3,

.,n. such that suffix * i * refers to the sequence of sieve in the series. This
process is known as sieving process. _

After sieving process, we will know percentage of material of any
stream for different sizes. For example if top deck of screen in Figure V.2
have opening size 2 2" , then by referring to the result of sie\}ing process,
we know how much should be the gradation of material of stream-1 at this
opening size. _

In general,‘ gradation_ of any stream can be determined using the
following fqrmulation. :
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Percentage of a stream ‘X' passing through a screen having opening size

‘ai =100% - Retained rate of the stream 'x' on sieve size ‘a;’
or
Cxi =100% - r;
Where, '
rn =100 x (quantity retained from stream ‘x’ at sieve size ‘a;’ labeled by

Ryi) / flow rate of stream x’

As an example, gradation of stream x, (Figure V.2) with reference
to the top deck of screen havin_g opening size ' an ' is calculated as follow:
_ 100 — ¢

R2 . ox
™ 100 1

Retained rate of the stream x; on sieve size ‘aj’ is

100 - Ch;
100 e

F2i
X2
_ fboo - <)) X1
X2
Since, the top deck of screen (Figure V.2.) having opening size ‘ an,’
then,
(xoo - &)
X2 = a
2 100 =
Thus,

Gradation or percentage of material of stream-2 passes through of
the top deck having opening size ‘ a,’ is '

100 - -,
Com = 100 A o) x
100 - ¢y -
100 X1

or
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100 - .
Com=100 (1 —“gll—}

‘Similarly, the same principal of calculation is used for determining
the others streams gradation within a plant.

V.2.1. Stream gradation and constraints of crusher

x1—\

v

Figure V.2.1. Input / output streams from crusher

Using symbols in Figure V.2.1 we have,

Stream gradation of crusher:

1. Gradation of the output stream (x;) of crusher can be estimated
using

Cox = i Z; Dj-k k=12, ... i (sieve options)
3=0

Constraints of crusher:

1. X1 = Xz (input stream = output stream)
2. Output stream can not be higher than given capacity of the crusher,
Q. | | ‘
X2 £ Qe
3. quantity of input stream can’t be higher than loader or shovel
capacity, Q.
X1 <= QL
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Production

V.2.2. Streams gradation and constraints of screen

Figure V.2.2. Input/ output streams from screen with one input streams

Using symbols in Figure 1V.3.2.2, Figure 1VV.3.2.3, and Figure V.2.2 we

have streams gradation of screen as follows:

1. Gradation of stream-2 up to stream-4 in Figure V.2.2 are

100 - .
Ca = {100 1 - €14 ai = b
100 — Cip
0 .oai < b
100 A ai =2 b1
Cs = {100 (1 - Sm — Cli} b1 = aj; = b
Cim — C'1n
0 ai < b2
100 ak > b
Csi = {100 [1 - Sin .7 C“J ax < b
Cin -

(Figure IV.3.2.2) is

Gradation of input material from a screen with two input streams

cl® = 100 - r, =100 - (100 - cyi) 3 + (100 - cCsy) xs

X1 t X5

3. Gradation of input material from a closed circuit operating crusher

(Figure IV.3.2.3) is
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cl5 = 100 - (100 - cii)Csm + (100 — g 100 - Cim)
1
100 + Csm — Cuim

Using symbols in Figure V.2.2 we have constraints of screen as follow:
1. The production rate of a screen can not exceed its capacity
X1 £ where Q= capacity of top deck
X1 - X2 £ Qp where Qp = capacity of bottom deck
2. The quantity of materials should be unchanged before and after
screening separation.

X1 = Xa + X3 + X4 (input = output)

V.3. METHOD FOR CALCULATION OF ACTUAL CAPACITY OF

SCREEN AND CRUSHER ’

Actual capacity of screen is determined be based on formula given
by Telsmith inc.! ‘

Capacity = Area x Correction Factor
where, area refers to the dimension of screen in square feet. And
correction factor consists of factors labeled by A, B, C, D, E, and F in
which the meaning and value of these factor given in Tabie ill.2.g.

An example given by Telsmith to determine the size of a double -
deck screen under the following conditions: -
The material to be screened is crushed_v stone.
Capacity td be handled is 80 tons per hour.
Square openings in top deck are 1".

Square openings in bottom deck are 1/4".
20% of the 80 TPH is over 1" in size.
A‘n efficiency of 96% is required.

No o bk b2

40% of the material is less than one-half the size of the tdp deck or 1"
openings.
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8. There is 15% of minus 1/4" material to be taken out through the bottom
deck; and of this 1/4" maferial, 10% is less than one-half the size of the
1/4" opening.

9. The oversize from the top deck is to be re-crushed to minus 1" and

‘returned to the screen. '
A problem of this kind must be treated as two separate
computations, one for the top deck and one for the bottom deck.

The solution is as follows:

80 TPH 80 TPH
Area = = 8 = 207 =

AxBxCxDxXEXF 2.78x1.02x0.95x1.0x1.0x1.0

No. of Sq. Ft. screen surface réquired for the top deck = 3'x10' screen

Considering the lower deck, we find that 15% of‘the total of 86 TPH
must pass through the bottom deck or 12 TPH must pass through the 1/4"
_ opehings.' This makes 85% of oversize on the bottom deck. Using formula
No. 3 and factors again, we have the following for the bottom deck:

12 TPH 80 TPH
Area = = = 29.7 = No. of
AXBxCxDxExF 1.74x.50x.95x.5x1.0x0.9

Sq. Ft. screen surface required for the top deck = 4'x8' screen

In problems like this example especially where the bottom deck as
a fairly small opening, it will usually be found that the size of the bottom
deck determines the size of the screen.

The actual capacity of crusher in this dissertation is obtained by
simulation using excel worksheet with reference to the flow diagram of
plant, gradation of raw material, and gradation of crushers. By the
simulation, the actual capacity of materia! being received by crusher can

be determined for all possible settings of equipments.

V.4. METHOD FOR CALCULATION OF MAXIMUM PRODUCTION
RATE OF AGGREGATE PROCESSING PLANT
An aggregate processing plant usually produces more than one
size range of aggregate, therefore there are always more than one output
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stream. in this dissertation, the calculation is carried out to determine
maximum production rate of an output stream only. The output stream is
selected and treated as the objective function and it is subjected to the
constraints. By using a computer software call as ‘Mathcad 2001i
Professional’ the problem is solved.

It is known that the main equipments within a plant can be set at its
all possible settings. In this dissertation, the maximum production of a
selected output stream of a plant is determined at different settings in
order to obtain the sefting that can give the highest production rate.
Following is needed to be determined:
1) all possible settings combination of aggregate -plant
2) objective function and constraints of the plant, in which the objective

function is subjected to the constraints

On the basis of this information the calculatioh is carried out for each
possible setting and the results are compared to determine the highest

production rate.

V.5. DESCRIPTION OF ~ Mathcad 2001i Professional ~
V.5.1. General

‘Mathcad 2001i Professional’ is the industry standard calculation
software for technical professionals, educators, and college students.
Mathcad is as versatile and powerful as programming languages, yet it's
as easy to learn as a spreadsheet. Mathcad combines the live document _
interface of a spreadsheet with the WYSIWYG (What You See Is What
You Get) interface of a word processor.

A worksheet is a collection of equations, text, graphics, and other
items. Each equation, piece of text, graphic, or other item that inserted into
~ the worksheet is a "region." An invisible rectangle hoids each region.

Equations, text, and graphics can be placed anywhere in the worksheet.
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Figure V.5.1. Worksheet of Mathcad 20001i Professional

The equations are WYSIWYG and live. That is, equations appear
as we're used to seeihg them on blackboards or in reference books, and
as soon as we make a change anywhere in our worksheet, Mathcad
updates results and redraws graphs. This makes it easy keep track.of the
most complex calculations. As we insert various equations, text and
graphics into a worksheet, we can arrange them and format them however
we like. .

To build mathematical expressions, we simply need to position the
crosshair in our worksheet and begin typing letters, numbers or operators
such as + or - . When typing letters or numbers, we'll see them appear
surrounded by editing lines which show us which characters are selected.
Use Space and the arrow keys to select various parts of an expression.
Operators can be inserted by clicking on the appropriate buﬁon in the
operator toolbars dr by pressing the keystroke for the operator.r
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V.5.2. Optimizing Overview
An optimization problem can numerically be solved by this software

(i.e. Mathcac_j) using built-in functions (i.e., Minimize and Maximize

functions). The ‘Minimize and Maximize functions solve optimization

problems in which we are finding values that minimize or maximize a

function. These problems include linear programming.

To use minimize or maximize function:

Step-1, Define the objective function to maximize or minimize at defining
‘block |

Stép-2, Define guess values for the variables being solved for at
defining block

Step-3, Type the word Given to start the solve block.

Step-4, Beneath the Given, type equalities and inequalities which act as
constraints using boolean operators. . '

Step;5, Enter the Minimize or Maximize function with the appropriate

arguments.

Minimize (f, vari, vai'2, ...) Returns the values of vari1, var2, ..
which satisfy the constraints in a solve block and which make the function f
take on its smallest value. Maximize (f, var1, var2, ...) Returns the values

of var1, var2, ... which satisfy the constraints in a solve block and whi_ch
make the function ftake on its largest value.

' var1,_: var2, ... are variables found in the solve block. They are
defined above the solve block as guess values. fis a function defined

above the solve block. For example, an argument g could refer to the
function g(x, y):=x/y. _

The example below shows linear optimization using the Maximize
- function taken from the Mathcad's spreadsheet.

v-10
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Step -1 .
P Defining Block
f(x) = xg
Step — 2
x9 =10
Step — 3 - , Solving Block
Given
Step — 4 »
x1 < 500 x6 = 0209 -(x3 + x5 + x9) x4 < 113
X1 = X9 xg = 0.399 -(X3 + x5 + XQ) ‘X4 = X5
= 0.39 - = 0. .
X4 X7 x7 = 0.392 (X3 + x5 + xg) xg < 124
x2 < 200 (X3 + X5 + x"g) < 242 ' )
. : X6 = X9
X2 = X3 + X34 (X3+x5+xg)—x6S125
(X3 + X5 + X9)= (X6 + X7 + xg)
Step -5

X:= Maximize (f, x)

125
76.25
48.75
48.75

33.028

61.947

63.053

33.028
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V.6. GRADATION OF RAW MATERIAL AND PRODUCT OF.
CRUSHER
V.6.1. Gradation of Raw Material
For the pUrpose of calculation, the gradation of raw material should
be determined. In this dissertation, the gradation data of raw material has
been taken from the project report of Embung Bendo Project, Indonesia.
The gradation of the raw material is determined through laboratory test
where the result is shown in Table V.6.1.

V.6.2. Gradation of Product of Crushers

Generally, gradation of output product of any type of crusher has
been provided by manufacture. Since, the type of crushers used in this
dissertation be based on that of issued by Telsmith Inc, then, from its
manual, the gradation of the output 'product of crusher is taken. The
manual provid.es gradation of output ':product for all possible settings of
crusher. Gradation data of jaw crusher is given in Table [I1.3 while
gradation of roll crusher is given by graphic in Figure lll.3.e.

For using Table 111.3, the close side setting of crusher should be
selected initially. With reference to the selected setting and indicated sieve
size at left side of table, the gradati_on‘ or percentage of material passing
through the indicated sieve is obtained.

~ Gradation of roll crusher is determine using a graph in which
setting/opening of shells is selected initially followed' by determination of
screen size at whichtmaterial will pass. From the screen size point, a line
is drawn upward to intersect with selected graph. From the intersection
point, a line is drawn to the left side horizontally until intersect with the

vertical axis. This intersection indicates the desired"gradation.

v-12
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Pfant

Table V.6.1. Gradation of raw material

GRADATION OF COARSEAGGREGATE (ASTM C.136 -46)
Proyect |EMBUNG BENDO Date| AUGUST14,2003
Location |BLIMBING RIVER ( DS.SAWOO) Sampleno : Tested by |LABORATORY
Weight of Sample + Container(S+C)% 387800 gr
Weight of Container {C) 62500  or
Weight of Sample (S) = _ 3253%¢.0 gr

Cumaulative ‘weight retained.
SIEVE (§+C) (C) (S) Retained
mm (gr) (gr) {gr) (%)
101.6 : o )
88.9 9050 6250 . 2800 8.61
76.2 10650 4400 13.53
63.5 11630 5380 16.54
50.8 21500 15250 46.88
38.1 26150 19900 61.17
31.7 29050 . 22Boo 70.09
25.4 31600 25350 77-93

19.1 34030 27780 B5.40

15.9 35250 20000 89.15

9.52 37350 31100 95.60

" 4.76 38780 32530 100 .
Result of Test
100 5 m 3 e g P ety T
. 3k ELE BiENEd:
go b4 =|-F o mfap -
:EE:EEE: o D i e et f
80 H A E-FIEZZZ;;ZZZ i B
TIIIIRTIIE Mt o I O el Al s ol ) i Bt Y o il cHE A3
-~ T+t 'ZEIZZ : R B i o g P 2
® o s [ o of e o e el o1 1
o g o e o e o s i x o ot & 1
] s o H:1 "
B k1 H:1 fﬂ -
g S0 - —H- -t
= z + b i mibhie r
= : o ] a- z " pu
S 40 N ik Au ¢ i1 =
B : + ] A= =EBS
R E + h e gEss
: p | St : Fauh o A -1k
20 + . ¥ g o By o Eas
- i Sedubutotuie ol o e e 9 b ol of it ol o o el ol 1 1 o o b
10 4 -+ ikl ST
_____ EREHEIE ST B e Bl A EER:
I . ¥ B Sl o el G B
1 Diamn et}:? parti;:le 100 1oc0
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V.7. GRADATION CONTROL
~ V.7.1. Introduction .
Generally, crushed stone aggregate which is used in a construction

project is specified in the form of size range and its quantity required. For
example: | '

Size range required Quantity required
3" - 172" 4.50 TPH
1/2" - 3/4” 150 TPH

With reference to such requirement, then operating of an aggregate

processing plant is necessary to achieve two main purposes, namely
1. to produce size range required |
2. to produce the quantity for each size range as per requirement.

As usual an aggregate processing plant in water resources
development project is run in closed 'circuit operation having jaw crusher
as primary crushing unit and roll crushér as secondary crushing unit.

The setting of crushers within the plant plays the main role for
achieving the ﬁrst-purpose (i.-e. to produce size range required). By taking
above example, the setting of jaw crusher should be at least equal to the
top size required (i.e. 3”) while, setting of rolt crusher should be less than
the setting of jaw crusher. '

Affef crushers’ settings have been fixed, then the second purpose
(i.e. to produce the quantity for each size rahge) can be achieved by
feeding an amouht of material to the plant. It is known that an amount of
material which is fed to plant may cause the quaritity" of a particular size
range required to be excess or it may be less than requirement. So that,
the quantity of fed material to the plant should be so adjusted that the
quantity of each size range required can be obtained exactly. It may be
done by trial of feeding where .many trials may be done at site. In this -
dissertation the problem is approached by simulation using exéel. The only

data required is the gradation of crusher.

v-14
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The formulation which is used for detgrmining amount of material
- produced in every size range required (tons per hour) subject to. closed
setting is: .

Gradation of each size range of material (%) x Fed material (TPH)
Where, gradation of a size range of material produced by a crusher is
usually do not change when setting has been fixed so as to fuifill the
quantity of each size range required, the .fed material is changed
continuously. It means that trial of feeding must be done. The feeding trial

is done by usiAng computer.

V.7.2. lllustrative Example of Gradation Control

Data required:

1) Gradation of jaw and roll crushers (.refers to Figure {11.3.c)

2) Available setting of jaw crusher are 2", 2.25", 2.5", 2.75",3", 3.5", 4",
and 5" '

3) Available setting of roll crusher are 1.5, 1.75", 2", 2.25", 2.5", 2.75",
and 3"

Size range and quantity of material required:

Size range required Quantity required
3" - 1/2” 450 TPH
12" - 314" . 1.50 TPH

‘With reference to size range required, the setting of jaw crusher is 3" and
setting of roll crusher is ¥2". .

For purpose of comparison, two feeding trials with 40 TPH and
32.85 TPH, respectively are presented. Table V.7.1 gives output of jaw
crusher at different setting and different size rangeé with feed rate of 40
tons/hr. Table V.7.2 gives summary of output in required size ranges, as
expected from Table V.7.1 and the summary is presented gréphically in
Figure V.7.1. Table V.7.3 gives short fall or surplus in output with
reference fo requirement. Table V.7.4 gives output of roll crusher at |

different setting and different size ranges with feed rate of 13.85 tons/hr.
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Table V.7.5 gives summary of output in required size ranges, as extracted
from Table V.7.4 and the summary is presented graphically in Figure
V.7.2. Table V.7.6 gives short fall or surplus in output with reference to
requirement.

Graph such as shown in Figure V.7.1 is used to describe quantity of
material produced by jaw crusher that may not satisfy the requirement of a
certain size range. It is shown in Table V.7.2 and graph in Figure V.7.1
that quantity of size range (1.5" — %") produced by jaw crusher is less than
requirement but that of size range (3" — 1.5") is excess. To fulfill the short
fall of quantity in size range (1.5" — %4"), then the excess material of size
range (3" — 1.5") is re-crushed through roll crusher to produce additional
quantity. Graph such as shown in Figure V.7.2 is used to indicate whether
the required quantity of a particular size range has been fulfilled .or not with
feeding an amount of material to the crusher. Horizontal dotted line in
Figure V.7.1, V.7.2, V.7.3, and V.7.4 indicate quantity required, while
vertical dotted line is a line which is drawn vertically with reference to the
selected setting of crushers. The requirement is fulfilled when the graph,
the horizontal and the vertical lines intersect in one point.

Actually, many feeding trials have been conducted before the
requirement if fulfilled. Some trials cause the production of size range (1.5”
— %a") of roll crusher to be excess but some others trials cause it iess than
requirement. Graph in Figure V.7.2 show that quantity of material which is-
fed to the plant is too high so fhat additional production of size range (1.5”
— %") which is initially deficit in quantity (see Figure V.7.1) becomes
- excessive. Feeding trial is repeatedly done until the production of size
range (1.5" — 34") is equal to its requirements indicated by graph in Figure
V.7.4. In this illustrative example, total quantify of raw material that should
be fed to the plant in.order that the production of each specified size range
is obtained exactly as per requirement is as much as 32.35 ton per hour.

The kind of simulation can be conducted for all possible setting of

crushers.
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Table V.7.1. Output of Jaw Crusher With Feeding

40

Tph

Size Range | Requirement Rate of Production (tons/h) Subjected to Closed Setting (in.)
(in) 9 g ons/h) With Feeding Of 40 _ (tons/h)
2 2.25 2.5 2.75 3 3.5 4 5
5 - 45 - - - - - - - 3.76
45 - 4 - - - - - - - 4.00
4 - 35 - - - - - - 471 3.06
35 -3 - - - - - 518| 4.24] 141
3 - 275 - - - - 3.06| 3.06] 2.35| 4.24
275 - 25 - - |- 3.29] 3.06) 2.35! 2.35| 1.88
25 - 225 4.50 - - 3.29 3.29] 282 212| 2.35| 1.88
225 - 2 -, 3.76] 4.00 0.94] 3.53| 2.82| 235| 1.88
2 - 175 4.24| 4.24|] 3.06 565 3.53| 1.65| 2.35| 2.12
175 - 1.5 4.71 4.24; 1.88 7.06] 2.35| 3.53] 2.12| 1.65
186 - 1 9.50 9.41 8.00| 9.88 3.20] 3.29| 5.65| 4.94| 4.00
1 - 314 } ) 4.71] 4.00| 3.53 3.29| 2.59| 047| 235 212
3/4 - 3/8 0.00 7.06] 7.06} 5.88 518] 3.53| 7.06/ 5.88]) 4.24
3/8 - 3/16 0.00 471 4.47] 471 424 5.88] 3.29| 1.65| 1.88
316 - 0 0.00 5.18| 4.24| 3.76 3.76| 6.35| 2.82| 2.35| 1.88
Total (tons/h) 14.00 40.00] 40.00] 40.00] 40.00| 40.00] 40.00| 40.00] 40.00
Tabie V.7.2. Summary of Output of Jaw Crusher in Required Size Ranges
with Feeding 40 Tph
Size Range |Regquirement Total Production (tons/h) subjected to Closed Setting
(in.) (ton/h) 2 2.25 | 2.5 2.75 3 3.5 4 5
3 -15 4.50 8.94| 12.24} 12.24| 20.24| 18.35] 15.53| 13.88] 13.65
15 - 3/4 9.50 14.12| 12.00| 13.41 6.59| 5.88] 6.12| 7.29] 6.12
3/4 - 3/8 0.00 7.06| 7.06] 5.88 5.18| 3.53| 7.06| 5.88| 4.24
3/8 - 3/16 0.00 471 4.47] 4.71 424| 5.88| 3.29|.1.65f 1.88
Total production in 30.12| 31.29| 31.53| 32.00| 27.76] 28.71| 27.06] 24.00
specific range (tons/h)
Table V.7.3. Surplus (+) or Short Fall (-) in Requirement by Feeding
the Jaw Crusher with 40 Tph
Size Range |Requirement Surplus (+) or Short Fall {-)
in. tons/h tons/h | tons/h | tons/h| tons/h | tons/h | tons/h | tons/h| tons/h
3 -15 4.50 4.44| 7.74| 7.74| 15.74| 13.85| 11.03] 9.38| 9.15
1.5 - 3/4 9.50 462 250 391 -291| -3.62| -3.38] -2.21| -3.38
3/4 3/8 0.00 7.06 7.06| 5.88 518| 3.53} 7.06) 588 4.24
3/8 - 1/8 0.00 471 4.47| 4.71 424) 5.88| 3.29] 1.65] 1.88
Figure V.7.1.
Production Rate VS Closed Side Setting Of Jaw Crusher with
Feeding of 40 tons/h
25 :
]
1
1
1
20 1
]
H Fed to Roll
€ 15 ' Crusher in
g ! — order to get
b4 1 grade of
S 101 A U R m— 1.5-3/4in
7 4

2.76

CSS (in)

Requirement of (3" - 1.5")
Production of (3"-1.5")
Requirement of ( 1.5" - 3/4")
Production of ( 1.5" - 3/4")
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Table V.7.4. Qutput of Jaw Crusher With Feeding

13.85 Tph

Rate of Production (tons/h) Subject to Closed Side Setting (in.)

Size(ﬁ';‘“ge Regg:::,’:;’"t With Feeding Of | 13.85 (tons/h)
1.5 1.75 2 2.25 2.5 2.75 3
3 - 275 - - - - - - 1.06
275 - 25 - - - - - 1.14 1.06
25 - 225 0.00 - - - - 1.14 1.14 0.98
225 - 2 - - - 1.30 1.39 0.33 1.22
2 - 175 - 1.47 1.47 1.22 1.96 1.22
175 - 15 - 1.87 1.63 1.47 0.49 244 0.81
15 - 1 1.62 4.24 2.61 3.26 2.77 3.42 1.14 1.14
1 - 3/4 } ) 212 2.77 1.63 1.39 1.22 1.14 0.90
3/4 - 3/8 0.00 3.26 2.77 2.44 2.44 2.04 1.79 122
3/8 - 316 0.00 2.04 1.87 1.63| 1.39 1.47 1.47 2.04
3/16 - 0 0 2.20 1.96 1.79 1.63 1.47 1.30 2.20
Total (tons/h) 13.85 13.85 13.85 13.85 13.85 13.85 13.85
Table V.7.5. Summary of Output of Roll Crusher in Required Size Ranges
with Feedin 13.85 Tph
Size Range | Requirement Total Production (tons/h) subject to Closed Setting
(in.) (ton/h) 1.5 1.75 2 2.25 2.5 2.75 3
3 - 15 0.00 0.00 1.87 3.10 4.24 4.24 7.01 6.36
1.5 - 3/4 3.62 6.36 5.38 4.89 4.16 4.64 2.28 2.04
3/4 - 3/8 0.00 3.26 2.77 2.44 244 2.04 1.79 1.22
3/8 - 3116 0.00 2.04 1.87 1.63 1.39 1.47 1.47 2.04
Total produced in 9.62 10.02 1043 10.84 10.92 11.08 9.62
specific range (tons/h)
Table V.7.6. Surplus (+) or Short Fall (-) in Requirement by Feeding
the Roll Crusher with 13.85 Tph
Size Range | Requirement Surplus (+) or Short Fall (-)
in. tons/h tons/h tons/h tons/h tons/h tons/h tons/h tons/h
3 - 15 0.00 0.00 1.87 310 424 424 7.01 6.36
15 - 314 3.62 2.74 1.76 1.27 0.54 1.03 -1.34 " -1.58
3/4 3/8 0.00 3.26 277 244 2.44 2.04 1.79 1.22
3/8 - 3/16 0.00 204 1.87 1.63 1.39 1.47 1.47 2.04
Figure V.7.2.
Production Rate VS Closed Side Setting of Roll Crusher with
Feeding of 13.85 tons/h
7.00 -
6.00 4
5.00
£ 4.00 -
e
o
S 3.00
2.00
1.00
0.00
1172 13/4 2 21/4 2172 23/4 3
CSS (in)
—————— Requirement of ( 1.5" - 3/4")
Production of ( 1.5" - 3/4")
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Table V.7.7. Output of Jaw Crusher With Feeding

32.35 Tph

. . Rate of Production (tons/h} Subjected to Closed Setting (in.)
S'Ze(i'?;"ge Re(‘::)’:::,'ﬁf"t With Feeding Of _32.35_(tons/h)
2 2.25 25 2.75 3 3.5 4 5
5 - 45 - - - - - - - 3.04
45 - 4 - - - - - - - 3.24
4 - 35 - - - - - - 3.81| 247
35 -3 - - - - - 419 3.43| 1.14
3 - 275 - - - - 247 247 1.90| 3.43
275 - 25 - - - 266| 247 190 1.90| 1.52
25 - 225 4.50 - - 2.66 266| 2.28 1.71] 1.90| 1.52
225 - 2 - 3.04] 3.24 0.76| 2.85( 2.28| 1.90| 1.52
2 - 175 3.43 3.43| 247 4.57| 285 1.33] 1.90| 1.71
1.76 - 1.6 3.81 3.43| 1.62 5.71 1.90| 2.85| 1.71 1.33
16 - 1 } 9.50 761 647 7.99 2.66| 2.66( 4.57| 4.00| 3.24
1 - 34 : 3.81) 324! 2.85 2.66) 2.09] 0.38( 1.90 1.71
3/4 - 3/8 0.00 571 571 4.76 4.19] 2.85| 571 4.76] 3.43
3/8 - 3/16 '0.00 3.81| 362| 3.81 343 4.76f 2.66} 1.33| 1.52
3/16 - 0 0.00 4.19| 3.43| 3.04 3.04| 514} 2.28| 190| 1.52
Total (tons/h) 14.00 32.35| 32.35| 32.35| 32.35| 32.35| 32.35{ 32.35| 32.35

Table V.7.8. Summary of Output of Jaw Crusher in Required Size Ranges

with Feeding 32.35 Tph
Size Range |Requirement Total Production (tons/h) subjected to Closed Setting
(in.) (ton/h) 2 225 | 25 | 275 3 3.5 4 5
3 -15 4.50 7.23] 9.90| 9.90| 16.37| 14.84| 12.56| 11.23| 11.04
1.5 - 3/4 9.50 11.42] 9.71| 10.85 5.33| 4.76| 4.95| 590| 4.95
3/4 - 3/8 0.00 5711 571 4.76 4.19| 2.85| 571| 4.76] 3.43
3/8 - 3/16 0.00 3.81| 362/ 3.81 3.43| 4.76/ 2.66] 1.33] 1.52
Total production in 24.36| 25.31| 25.50| 25.88| 22.45| 23.22| 21.88| 19.41
specific range (tons/h)
Table V.7.9. Surplus (+) or Short Fali (-) in Requirement by Feeding
the Jaw Crusher with 32.35 Tph
Size Range |Requirement Surplus (+) or Short Fall (-)
in. tons/h tons/h | tons/h | tons/h|] tons/h | tons/h | tons/h | tons/h| tons/h
3 -15 4.50 273| b5.40| 5.40| 11.87| 10.34| 8.06] 6.73| 6.54
15 --3/4 9.50 1.92| 021 135 -4.17| -4.74| -4.55| -3.60| 4.55
3/4 3/8 0.00 571| 5.71| 4.76 4.19| 2.85| 571 4.76] 3.43
3/8 - 1/8 0.00 3.81| 3.62| 3.81 3.43] 4.76] 2.66] 1.33] 1.52
Figure V.7.3.
Production Rate VS Closed Side Setting Of Jaw Crusher with
Feeding of 32.35 tons/h
18 :
1
16 :
4 Fed to Roll
12 | Crusher in
2 order to get
g 10 grade of
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Table V.7.10. Output of Jaw Crusher With Feeding

10.34 __ Tph

Size Ranae Requirement Rate of Production (tons/h) Subject to Closed Side Setting (in.)
i g gons ph With Feeding Of | "10.34 |(tons/h)
1.5 1.75 2 2.25 2.5 2.75 3
3 - 275 - - - - - - 0.79
275 - 25 - - - - - 0.85 0.79
25 - 225 0.00 - - - - 0.85 0.85 0.73
225 - 2 - - - 0.97 1.03 0.24 0.91
2 - 175 - 1.10 1.10 0.91 1.46 0.91
175 - 15 - 1.40 1.22 1.10 0.37 1.83 0.61
1.5 - 1 4.74 3.16 1.95 2.43 2.07 2.56 0.85 0.85
1 - 34 } . 1.58 2.07 1.22 1.03 0.91 0.85 0.67
3/4 - 3/8 0.00 243 2.07 1.83 1.83 1.52 1.34 0.91
3/8 - 3/16 0.00 1.52 1.40 1.22 1.03 1.10 1.10 1.52
36 - 0 0 1.64 1.46 1.34 1.22 1.10 0.97 164
Total (tons/h) 10.34 10.34 10.34 10.34 10.34 10.34 10.34
Table V.7.11. Summary of Output of Roll Crusher in Required Size Ranges
with Feeding 10.34 _Tph
Size Range [ Requirement Total Production (tons/h) subject to Closed Setting
(in.) (ton/h) 1.5 1.756 2 2.25 2.5 2.75 3
3 - 15 0.00 0.00 1.40 2.31 3.16 3.16 5.23 4.75
1.5 - 34 4.74 4.75 4.02 3.65 3.10 3.47 1.70 1.52
34 - 3/8 0.00 243 207 1.83 1.83 1.52 1.34 0.91
3/8 - 3/16 0.00 1.52 1.40 1.22 1.03 1.10 1.10 1.52
Total produced in 7.18 7.48 7.79 8.09 8.16 8.27 7.18
specific range (tons/h)
Table V.7.12. Surplus (+) or Short Fall (-) in Requirement by Feeding
the Roll Crusher with 10.34 Tph
Size Range | Requirement Surplus (+) or Short Fall (-}
in. tons/h tons/h tons/h tons/h tons/h tons/h tons/h tons/h
3 - 15 0.00 0.00 1.40 2.31 3.16 3.16 5.23 475
15 - 3/4 4.74 0.00 -0.73 -1.09 -1.64 -1.27 -3.04 -3.22
3/4 3/8 0.00 243 2.07 1.83 1.83 1.52 1.34 0.91
3/8 - 3/16 0.00 1.52 1.40 1.22 1.03 1.10 1.10 1.52
Figure V.7.4.
Production Rate VS Closed Side Setting of Roll Crusher with
Feeding of 10.34 tons/h
5.00 -
4.50 -
4.00 -
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2 3.00 -
=
o 2501
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RESULT, ANALYSIS, AND DISCUSSION

V1.1. GENERAL ' {
“In this chapter, the maximization of aggregate plant production is

carried out by using linear méthematical model. Calculations are carried

out after the plant's arrangement is finalized,' ’disposition of main

equipmenté is completed and size of product required are determined.

V1.1.1. Plant Arrangement

In this thesis, as a case study, a general arrangement of aggregate
plant is constructed such as shown in Figure VI.1.1.a.

Raw Faterial

& FProduet

Figure VI.1.1.a. Lay-out of aggregate processing plant
The plant include, one unit each of:
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>RESULT ANALYSIS & DISCUSSION - Opt:mlzat:on of Production from Aggregate
- Processing Plant

o e e e e e ettt reteremrmimsarse e e e e

1) hopper, (used for delivering raw material exactly to single deck
screen)

2) single deck screen,

3) double deck screen,

4) - jaw crusher, as primary crusher .
5) roll crusher , as secondary crusher

Flow diagram of the plant is shown in Figure VI1.1.1.b.
x1 (RAWMATERIAL)

HOPPER -

SCREEN-T L

21| GRUSHER-2

X3 A

SCREEN-2

‘ Xg ‘l
_ A (PRODUGT)
Flgure VI.1.1.b. Flow dlagram of aggregate processmg plant

Material flowing in the plant which is called as stream is
represented by arrows. Every arrow is labeled by * X,- ‘. xyand x are input
and output material (stream) of hopper, respectively. Then, x> become
input stream to scréen-1, while x3 and x4 are its output stream contain
material that passing through, call as undersize and retained material, call
as oversize, respectively. Input and output streams of crusher-1(i.e. jaw
crusher) are represented by x and xs. For crusher-2 (i.e. roll crusher), the
Input and output streams are represented by xs and xg. Screen-2 have
three input come from screen-1, jaw crusher and roll crusher which is
represented by stream x3 , x5, and xo. As, the screen-2 is a double deck

screen, then, there are three output. Retained material on top deck
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RESULT, ANALYSIS & DISCUSSION — Optimization of Production from Aggregate
Processing Plant

(oversize of screén—2) is represented by stream xs Material passing
through top deck but retain on bottom deck (medium size of screen-2) is
represented by x;. The under size material or material passing through

bottom deck of screen-2 is represented by stream xg.

V1.1.2. Type and Setting of Main Equipment
The aggregate processing plant that is constructed as a case study
in this thesis i$ limited for receiving raw material up to 200 ton per hour.
Two type of product are needed. They are product of range 2” - 1" and
below 1”, In which the product below 1” is assumed to be maximized.

From mechanical point 6f view, it ié common practice in a project to
use equipments that are manufactured by one company. —The equipments
which are used in the aggregate processing plant for case study in this
dissertation are manufactured by TELSMITH Inc.

All data related to each equipment is available in manual hand book
of Telsmith ! "1, It has been used as guidance to select the setting and to
select the specification of main equipment.

_ Table VI.1.2. Selected type and setting of equipments
Name | Type Setting
Close Side Setting (CSS)

Crusher-1 T‘elsmi_th-Ovefhead
Eccentric Jaw Crusher 2%
Crusher-2 | Telsmith-Double Roll

Crusher IR

Top Deck Bottom Deck

Screen-1 | Vibro-King Screen (Single

. Deck) _ 27"
Screen-2 Vibro-King Screen (Double
Deck) 2" 1”
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_Processing Plant .

Capacity of the crushers is determined be based on its total input
material. It is obvious from Figure VI.1.1b that input material of both
crushers is equal to the oversize material of screen. By'simulation‘ the
capacity of crusher is determined. Data used for the purpose of the
simulation are the gradation of raw material and the gradation of the output
material from crusher at its given setting.

Capacity of screen is deterhined using the formula given by
Telsmith { ' || in which percentage of input material passing through
opening size of screen is required in the calculation. As the input material
of screen-1 is' raw material, then the percentage of the input material
passing through opening size of screen-i can be determined with
reference to the percéntage of raw material passing through the same
opening size that has been obtained by laboratory test, shown in Table
V.6.1. Determination of gradation of material of screen-1 can be easily
determined because there is only one input stream to the screen. For
screen-2 the input material comes from three streams. In order to
" determine percentage of the combined three ‘input material péssing
through screen-2, then, the calculation is done refers to equations V.37
and 1V.42.

VI.2. CALCULATIONS
V1.2.1. Calculation of Streams’ Gradation

~ Gradation states the percentage of material passing through series
of nsieves. in this thesis the gradation of material is determined for the
material that passing through sieves, ranged from size 4 in. to 3/16 in. For
the purpose of calculation, then the gradation of material which is needed
as original data are the gradation of raw material (Table V.6.1), g(adation
of jaw crusher and roll crusher at their given settings which is taken from
Table 1.3 and Figure 1l1.3.e, respectively. Gradation data of raw material
and gradation data of both crushers at its required setting is summarized
in a Table VI1.2.1a.
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Table VI.2.1.a. Gradation data of raw material

& product of crushers

Sieve! Raw- Setting

Size | Material Crusher-1 Crusher-2
25" 05 "™

4" | 100.00 100.00 - 100
34" 9139 92.71 100
3 | 77.87 85.42 100
24" 6133 71.88]- 100
2" | 53.12 57291 100
1'%"| 38.83 40.63 100
14" | 29.91 . 34.38 100
1" | 22.07 26.04 ‘ 98.5
342" 1 14.60 18.75 97.5
" | 10.85 12.50 73.5
3" | 4.40 9.38 60.5
*he" | 0.00 ‘ 5.21 36.5

Calculation of the gfadation of all streams within the plant are
carried out refer to the equations: (IV-37), (IV-42), (IV-47), (IV-48), and

(IV-49) discussed in Chapter-1V, in which the result is summarized in Table
VI1.2.1b.
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RESULT, ANALYSIS & DISCUSSION — Optimization of Production from Aggregate
Processing Plant

e e ———— .

VL.2.2. Calculation of Capacity of Crushers and Screens

Capacity of crushers

Capacity of crusher -1 (i.e. jaw crusher) is 113 ton per hour.
Capacity of crusher-2 (i.e. roll crusher) is 117 ton pr hour. It is found by
following simulation.

SCREEN-1
Setting: 2.5
Input :  200.00 tph
Sieve Passing Retained
Size % Ton/hr % Ton/hr
4" = 1200 : 0 o
3'%" £:]182.8 8.61 17.22 —I
3" 1423 22.13 40.45 J
2" @57 38.67 55.04
2" 46.4 46.68 40.92
1" 18.0 61.17 28.36
114" 5.4 70.08 12.62
1" 1.2 77.93 4.20
St4" 0.2 85.40  1.02
" 0.0 89.15 0.15
Sfe" 0.0 95.60 0.02
e 0.0/ 100.00 0.00
200.00
SCREEN.2
Top: 2" v
Bottom: 1" Input : 87 tph
Sieve Passing Retained
Size % Ton/hr % Tonthr
4" 100(87 0.0 0.0]
3'%" 10087 0.0  o00f retained at
N 100{87 0.0 0.0| |—{top deck off—I | L-a
215" 100(87 0.0 0.0 screen-2
2" 53.12|® 46.4 46.9 40.92| —
1" . 38.83 18.0 61.2 28.4] — :
12 29.91 5.4 70.1 12.6] | Product
1" 22.07 1.2 779 - 42| _ 2" -1
%" 14.60. 0.2 85.4 1.0
Tt 10.85 0.0 89.2 0.2
3" 4.40 0.0 95.6 0.0
/16" 0.00 0.0 100.0 0.0
(Product: < 1"\ 87
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RESULT, ANALYSIS & DISCUSSION — Optimization of Production from Aggregate
Processing Plant

CRUSHER-1
Settiné 25 Input : 0
Sieve Passing Retained
passing | Size % Tonthr - % Tonthr
top deck. !
of 4" 113 : 0.00 0.080 —
screen2 | | 34" 104.49 7.29 8.218 retained at
3" 89.25 1458 15.238] | |top deck of__B
214 | | 64.15 28.13} '25.102 screen-2 .
2" 120| ¢36.75 42.71 27.397| __|
htae 14.93 5938 21.82 ~ :
‘]‘3‘4" 513 65.63 9.80 B Product |_
1" 134 ¢ 73.96 3.80 4 Q" - 1"
34 0.25 81.25 1.09
7S 0.03 8750 0.22
" 9.38] 0.00 90.63 0.03
*he' L5211 0.00 94.79 0.00
(Product: < 1) ¥ 113
retained at -
top deck GIJ_A +B
CRUSHER2 screen-2

Setting : 0.5 Input : EEEAZ tph

Lo e E

Sieve | . Passing Retained
Size % | Tonthr| % |Tonthr
4" 117| 0.00] 0.00
3" 117| 0.00| 0.00
3 117} 0.08| 0.00
25" 117! 0.00| 0.00
2" 117| 0.00| 0.00
115" 117| 0.00| 0.00
124" 117| 0.00( 0.00
1" 115| 1.50{ 1.75
2y 105} 8.50| 3.79
14" 77| 26,501 27.91|
3" 47139.50| 30.58
*he' - b 17]63.50( 29.74
' 117
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RESULT ANALYSIS & DISCUSSION Opt;mtzat:on of Productlon from- Aggregate -
Processing Plant '

Capacity of screens‘

' SCREEN -1 (Single deck)

. Input materlal e : | :‘zo‘o.tph

* Square opening of deck o A 2.5"

. Correctlon'factors (refers to Table III‘."Ig.), '

Basic Capacity Factor (A) o |

Type of material . ‘ . Crushed ~ Stone, = (with
| ' h - capacity in TPH passing

1 ft? of screen cloth, at

: o setting 2.5” ).
Factor A B s 383
OverSIZe Factor (B) B S
% of the 200 TPH is over 2. 5" size :38.7%
Factor B : . - : 0.891
Efﬁdiendy Iéactor (C) A .
Efficiency required e : 96%

FactorC - : . :0.95

Half Size Factor (D)

(i.e.: % of matenal is less than one- half the size of the deck)

Deck setting . - . 28
1/2 of top deck setting is 125

Factor D ‘ | - :0.641

Wet Screening Factor (E)

Factor E : - : 1 (for dry material)
“Deck Factor (F)
Factor F - 1 (single deck)
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RESULT, ANALYSIS & DISCUSSION — Optimization of Production from Aggregate
Processing Plant .

Area of screen-1 is:

i

Tétal feed — Oversize-
Area = sq.ft. .

AxBxCxDxExF

Known, oversize on the deck at setting 2.5” : 100 — 61.3 = 38.7%
(Table VI.2.1b, column 4) or 38.7% x 200 tph = 77 tph
Thus, ‘
200 - 77
Area = sq.ft.

3.83 x 0.891 x 0.95 x 0.641 x 1 x

Area = 59 sq.ft.

SCREEN -2 (Double deck)
Capacity of Top Deck of Screen-2

e |Input material : 200 tph (From Stream-
359

X
e Square opening of

Top deck 2"

o Correction factors (refers to Table 111.1g.)
Basic Capacity Factor (A)
Type of material | : Crushed Stone, (with
capacity in TPH passing

1 ft* of screen cloth, at

setting 2").
FactorA - . 3.45
Oversize Factor (B)
% of the 200 TPH is over 2.5” size : 19.8%
Factor B :1.002
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RESULT, ANALYSIS & DISCUSSION — Optimization of Production fram Aggregate
Processing Piant - - ' '

- Efficiency Factor (C}‘ | _
Efficiency required =~ = / ' : 96%
Factor C ST : 0.95

Half Size Factor (D)

(i.e. : % of material is less than one-half the size of the deck)

Deck setting ‘ 127
1/2 of top deck setting is - 1"

Factor D 1.1

Wet Screening Factor (E) ,
Factor E ‘ : 1 (for dry material)

Deck Factor (F) ‘
Factor F : 1 (top deck) -

- Capacity =[areax (AxBxC xD x E x F)] + oversize
Where, )

Area of screen-1 is:

: Total feed
Area = sqg.ft.
’ A x B x C x D x E x F

200

Area = ’ sq.ft.
3.45 x 1.002 x 0.95 x 1.1 x 1 x 1 )
Area = 200 sq.ft. »
3.7
Area = 54 sq.ft.
And
known, oversize on the deck at setting 2” : 100 — 80.2 = 19.8%

(Table VI.2.1b, column 10, row 5) or 19.8% x 200 tph : 40 tph
Thus,

Capacity = [54 x (3.7)] + 40 = 240 tph.
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RESULT, ANALYSIS & DISCUSS/ION - Optimizatién of Production fram Aggregate
Processing Plant

rt—

Capacity of Bottom Deck of Screen-2

e Input material : 90.6 tph (From Stream-

X359 )

e Square openir%g of
Bottom deck ' , 17
e Correction factors (refers to Table Ill.1g.)
Basic Capacity Factor (A) |
Type of material : Crushed Stone, (with
capabity in TPH passing

1 ft? of screen cloth, at

setting 1" ).

Factor A - : . 2.78
Oversize Factor (B)

~ % of the 90.6 TPH is over 2.5 size :854.7%
Factor B ' : 0.748
Efficiency Factor (C)
Efficiency required 1 96%
Factor C _ = :0.95

Half Size Factor (D)

(i.e. : % of material is less than one-half the size of the deck)

Deck setting - 1"
1/2 of top deck setting is :0.5"
Factor D : - 0.74

Wet Screening Factor (E)
Factor E 4 . 1 (for dry material)

Deck Factor (F)
Factor F ‘ : 0.9 (bottom deck)
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RESULT, ANALYSIS & DISCUSSION — Optimization of Production from Aggregate
Processing Plant

Capacity = [area x (A x B x C x D x E x F)] + oversize
Where, '

Area of screen-1 is :

~Total feed

Area = sq.ft.
A x B x C x D x E x F
90.6
Area = - sa.ft.
2.78 x 0.478 x 0.95 x 0.74 x 1 x 0.9
Area = 30.6 sqg.ft.
1.32

Area = 69 sq.ft.

it's known, oversize on the deck at setting 1" : 100 ~45.3 = 54.7%

(Table V1.2.1b, column 10, row 8) or 54.7% x 90.6 tph : 50 tph'
Thus, )

Capacity = [69 x (1.32)] + 50 = 140 tph.

" VI.2.3. Determination of Aggregate Plant Constraints
The constraints in the form of mathematical expression that can be

derived from the real aggregate processing plant in Figure V1.1.1b., are as
follows,

1. Capacity of stream x4 should. be less than capacity of Loader
(assuming loader capacity 500 tph) or

X4 < 500

2. input and output stream of hopper-is equal

Xy = X2

3. Capacity of stream x, can not more than capacity of loader

Xz < 200
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RESULT, ANALYSIS & DISCUSSION — Optimization of Production from Aggregate
Processing Plant

4. Input and output stream of screen-1 should be equal

X2 = X3 + X4
5. Capacity of inputted stream of screen-2 can not more than capacity of
top deck
X3 + X5 + Xg < 240
6. Capacity of stream passing top deck of screen-2 can not more than
capacity of bottom deck

[x3 + X5+ Xg]-—Xe < 140

7. Input and output material of screen-2 must be equal

[x3 + X5+ X9] =[X6 + X7+ Xg]

8. Capacity of inputted stream x4 can not more than capacity of crusher-1
X4 < 113

9. Input and outbut stream of crusher-1 should be edual

X4 = X5

10. Capacity of inputted stream x6 can not more than capacity of crusher-2
Xs < 117

11.Input and output stream of crusher-2 should be equal

Xe = Xg

where,
X3 =[(100 -C2,) /100] . x2

Xs = [(100 - C,**°) 7 100 ].[X3 + X5 + Xq]
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RESULT, ANALYSIS & DISCUSSION — Optimization of Production from Aggregate
Processing Plant

b N e

X7 = [Cm® - Cn®°) 1100 1.[xs + X5 + Xq]

xg = [Cn3°% /100 ]. [x3 + X5 + Xg]

By substitution Cam, Cmo>° and Co>°° with its constant value contain

in Table VI1.2.1b., then the above constraints become as follows,

1. X4 <= 500

2. - x1>. = X2

3. X <= 200

4. X5 = X3 + X4

5. [xs+Xs+xg] <= 240

6. [Xzt+Xs+Xg] - Xg <= 140

7. [Xz+Xs+Xxg] = [Xe+ X7+ Xs]

8. x4 _ <=. 113

9. x4 = X5

10. Xs <= 117

11. Xs = Xg

12, xq | = 0.386700 x4

13. Xg =  0.19823812829 [ X3 + X5 + Xg ]
14. X7 , Co= 0.34880854428 [ X3 + X5 + Xg ]
15. Xg : = 0.45295332744 [ X3 + X5 + Xg ]

Since the objective $hould be subjected to the constraints, then, the
objective namely maximize production rate of stream xg (product below 1
inch in size) is subjected to these above fifth-teen constraints.

By using Mathcad 2001i Professional, this linear model is solved
and the results are as follow,
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RESULT, ANALYSIS & DISCUSSION ~ Optimization of Production from Aggregate
Processing Plant

Setting :
Screen-1=21/2"
Crusher-1=2 1/2"
Crusher-2=1/2 "

f(x).—x8
x9:=0
Given

A - . <113
XISSOO x = 0.19824. (x3+x5+x9) X,
xl =x2 . x8=0.45295 -(x3+x5+x9) x4=x5
x, = 0.3867 - x, X, = 0.34881 -(x3+x5+x9) <117
X, <200 (x3+x +x )<240

X6=X9

x2=x3+x4 : (x3+x +x)—x65140 -

X:= Maximize (f,x) A

140

140
85.9
54.1
54.1
34.6
60.9
79.1
34.6

S[=] [ el=[ &[] =[]

The result shows that the maximum production rate of stream xg

(material below 1 inch in size) of the aggregate plant is equal to 79.1 ton
per hour. The plant can handle 140 ton per hour inputted material. These
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RESULT, ANALYSIS & DISCUSSION ~ Optimizatidn of Production from Aggregate
Processing Plant ’

e L e S et S S ST MMt R SRS S

result is obtained by fixed setting condition of jaw crusher and roll crusher
at 2 2" and 2 " respectively; screen-1 at 2 ¥2"; and screen-2 at 2" and 1"

belongs to its top and bottom deck, respectively.

Vi.2.4. Calculation and Result for All Combination of Settings §

Since this study is also aimed to know the setting that can' give the
highest production of the aggregate plant, then the scenario which is
developed to achieve the objective is by determination all possible setting
of crushers and screens, then, similar calculation as above is carried out
for each combination Setting.

From the available data, there are 30 possible combinations
setting that can be applied, as in Table V1.2.4.

Table VI.2.4. Possible settings of crushers and screens

SETTING
Screen-1 [ Crusher-1| Crusher-2 Screen-2
No. Top Bottom
in) | (in) (in.) (in.) (in.)

1 2 2 172 2 1
2 2 2 5/8 2 1
3 2 2 3/4 2 1
4 2 2112 172 2 1
5 2 2172 518 2 1
b 2 2172 3/4 2 1
7 2 3 12 2 1
8 2 3 58 2 1
9 2 3 344 2 1
10 2 312 172 2 1
11 2 3172 58 2 1
12 2 3172 3/4 2 1
13 2172 212 172 2 1
14 212 212 5/8 2 1
15 2172 2172 3/4 2 1
) 18 | 212 3 172 2 1
17 2172 3 5/8 2 1
18 2172 3 3/4 2 1
19 2172 3172 12 2 1
20 2172 312 5/8 2 1
21 2172 3172 3/4 2 -1
22 3 3 172 2 1
23 3 3 58 2 1
24 3 3 3/4 2 1
25 3 312 172 2 1
26 3 31472 578 2 1
27 3 | 3172 3/4 2 1
28 3172 3172 12 2 1
29 3142 3172 5/8 2 1
30 3172 312 3/4 2 1
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RESULT, ANALYSIS & DISCUSSION — Optimization of Production from Aggregate
Processing Plant ' :

e ——— —

For the purpose of easily tabulation of all constraints, then, in

general the mathematical expression of the constraints is given as follow,

X - <= C4

X4 = Cs X%

X4 = Cs %

X <=  C, | |
Xz = Cs x3 + Cg Xy -
Xp = C; (X3 + X +X)

X7 = Cs (0 +% +X)

X8 = Cq (X3 + X +Xa)

(% +X5 +g) <= C1o

(X +X5 +)) - X <= C11

(X3 +X5 + X) = C12 (_X3+X5 + g )

X4 | <= Ci3

X4 = Ciu %

X <= Cis

g = Cis X

Where, C1 until C4¢ is the coefficients of variables in this linear model

Calculation of these 30 combinations carried out one by one,
where, the results are shown in Table VI.2.4a to VI.2.4j. It has shown that

there are some coefficients in each combination that always in variation
compare with others combination.
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Vi.3. VALIDATION OF RESULT AND ANALYSIS
V1.3.1. Validation of Result Using Mathcad 2001i Professional

Results of calculation from the software Mathcad 2001i
Professional, have been validated by comparing the result obtained from
another software i.e. WinQSB which has got a limitation with reference to
accuracy in term of input data beyond decimal. Also the hand calculations
have been done for simplified case having less number of constraints to
validate the result using Mathcad 2001i Professional.

For validation, a following simple case is solved by using hand

calculation and by using computer software - Mathcad 2001i Professional,
The case is as follow: '

Objective function
Maximize, 12Xx; + 3X2 + X3
Subjected to the contraints
12X + 2X2 + X3 < 100
7 Xy + 3% + 2X3 77
2% + 4%, + X3 < 80
0
0

It is shown that the result of both methods found the same value for x4 ,
X2 , and x3 as follows:

IA

X4

v

v

X2

X1 =9.125
X2 =4.375
X3 = 0

Also, another case has been taken as second case to be solved by
using Mathcad and WinQSB. It is shown that the same coefficients of

variable which is used in Mathcad produce invisible result when it is used
as input data of WinQSB.
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RESULT, ANALYSIS & DISCUSSION — Optimization of Product:on from Aggregate
Processing Plant

V1.3.2. Analysis )

It is shown from the result of the calculation, that the capacity of
crusher and screen are determined by its setting. Coefficients of variables
in the linear model are also determined by settings of crusher and screen.
Changing the setting of crushers and screens is also means changing the
gradation of'its output material, in which, in its turn, it will influence the
calculation of the capacity of crusher and screen and also the coefficient of
variable in the linear model. Therefore, this analysis can only been carried
- out by changing the settings of crusher and screen.

If the setting . of crusher-1 is variably -chalnged to its all possible
settings (i.e.: 2", 2 2 %, 3", 3 % “), while the setting others equipment is
fixed, for example, screen-1 is fixed at 2”, crusher-2 at 2 “ and screen-2 at
2" and 1", respectively (Table VI.2.4 a. to j.), then the gradation of streams
X1 t0 X4 remain unchanged because it can be seen from the lay-out of plant
that any sefting of crusher-1 will affect in changing the grad‘ation of
streams after crusher-1 only (i.e. stream xg , X7, Xg). So-that, it is shown in
Table VI1.2.4.a to j, the coefficient of streams xs , X7, Xs always change. The
Table also indicates the changing of the capacity of crusher-2 and screen-
2 but the capaéity of crusher-1 remains same because screen-1 is in its
fixed setting, 2”, sé that the total oversize material .on the screen-1 which is
delivering to crusher-1 is always same. In this setting scenario where
crusher-1 one is variably changed and others equipment is in fixed setting,
the highest production of product below 1’; is 80.3 ton per hour. It is
obtained when the sétting of crusher-1 equal to 3.

After all possible combination of settings are determined and
calculation is conducted, then, the highest production rate of stream x; (i.e.
material below 1 inch size) is obtained equal to 93.6 ton per hour at the
setting of screen-1, crusher-1 and crushéf-2 are 3 2", 3 %", and %",
respectively. Where, settlng of screen-2 IS fixed at 2" for its top deck and
1" for its bottom. deck (Table'VI1.2.4.j1).
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RESULT, ANALYSIS & DISCUSSION — Optimization of Production from Aggregate
Processing Plant

All combination settings of equipments in a plant and its influence to
the production rate of material which is obtained by the linear model
calculation also bring a_beneficial when we deal with time consume for
doing work for'setting of the equipmént. if the plant has been set to
produce, for exémpl,e 62.2 ton/hour material, and after sometimes, it is
needed to be increased up to 74.6 ton/hour, (refers to Table VI.2.4.c1.)
then we have a decision to set crusher-2 only, from its original setting, (i.e.
from setting %2 “ to 5/8 ).
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CONCLUSIONS

The main purpose of an aggregate processing plant is to provide
crushed material in specified size range as per project requirement. For
achieving the purpose, three main processes are conducted within an
aggregate processing plant. Theée processes are reduction, screening or
size separation and conveyance processes.

There are many types of equipment which can be used as an
integrated system to carry out thé three main processes. An aggregate'
processing plant in the area of water resources development project use
reduction equipment such-as jaw crusher or gyratory crusher and roll
crusher as its primary and secondary crushing, respectively, for doing
- reduction process. While, vibrating screen is commonly used for size
separation. For conveyance process, a system of belt conveyor is
installed. , |
| It is beneficial to operate a plant in such manner that it can produce
maximum possible amount of material of specified gradation in a size
range within a period of time (usually, in an hour). In this dissertation the
study is conducted to determine the maximum production rate of an
aggfegate processing plant which consists of one single deck screen
feeding the oversize to jaw crusher discharging on to double deck screen
feeding oversize from top deck to roll crusher operating in close circuit and
the system'of belt conveyor for handling material between equipment.
| To know the maximum production rate of graded aggregate
produced by the plant, then mathematical approach is used by which
maximization of an output stream is stated as the objective function to be
subjected to all constraints of the aggregate plant system.
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The results of study are summarized as below:

- 1. Practically, in site, the amount of input material, which is delivered by
loader or dump truck to a plant is based only oﬁ common consideration
that the amount should not more than the capacity of the equipment
that receives it initially fbllowed by trials to know the maximum
productionA rate of material. This study has determined the exact
amount of material that should be fed to the plant which has been set
at a certain fixed setting of equipment so that its output rate becomes
of maximum. It can be shown from the result of calculation in Table
VlI.2.4.a1 to Table VI.2.4.j1 labeled by variable x; that indicates the total
amount of material should be fed to the plant in order to achieve
maximum production rate of stream xg (product below 1") at different
setting of equipment where it does not depend upon the maximum

permissible feed rate of equipment which receives the material initially.

2. The operation of aggregate processing plant in this dissertation has
been anélyzed for 30 possible settings combination. Each combination
is applied to the plant and calculation has been carried out, in which
the highest production rate of stream xg is selected. It has been found
that the highest production rate of stream xg is equal to 93.6 ton per
hour corresponding to the input feed rate of stream x, which is 142 ton
per hqur at the settings shown in Table VI1.2.4.j1.

3. There is dependence between size of screen-1, setting of crusher-1,
and the maximum feed size of material. Size of screen-1 should not be
equal to or more than the feed size to it. Also, size of screen-1 should
be followed by sétting of crusher-1 in which the rule is the setting of
crusher-1 should be equal or more than size of screen-1 but less than
size of material being fed.
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4. Setting of crusher-2 is obviously less than setting of crusher-1 because

its function is to reduce size of material (that has been processed by

crusher-1 or pass from screen-1) so that the material can pass whether

through the top deck or bottom deck of screen-2 as product in range
2"-1" and below 1".

5. This study indicates that setting of crushers and size of screens play

the main role to govern the production rate of the plant, because the

gradation is changed at their different setting. It has indicated that,

a.

If the setting of screen-1, screen-2 and crusher-1 are fixed while

setting of crusher-2 is changed to increasing size of setting then the

output production .rate of stream xg will decrease. For example,

Table VI.2.4.a1., shows production rate of stream xg as 70.9 TPH,

66.4 TPH, 574 TPH when the size of éetting of crusher-2 is

increased from %2 ” to 5/8", %", respectively. The trend also .
indicated by Tables VI.2.4.b1 up to Table VI.2.4.j1

The possible increase in size of screen-1 while setting and size of

other equipment are fixed as has been indicated from Tables

Vi.2.4.d1, VI.2.4.g1, VI.2.4.i1, and V1.2.4.j1, the production rate of
stream xg also increases. ’

6. Since, this study has indicated production rate of material of the
aggregate processing plant for its all possible setting, then it can be
used as a data base to know which setting should be applied to give

the highest production rate of material and also which setting should be
applied for a certain production required.
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