DESIGN OPTIMIZATION
oF
COKE PUSHER RAM



DESIGN OPTIMIZATION
OF
COKE PUSHER RAM

By
MOHAMMED BADIUZZAMAM, B.Sc. (ENGG)

A Thesis
Submitted to the Faculty of Graduate Studies
in Partial Fulfilment of the Requirements
for the Degree

Master of Engineering

McMaster University

September 1969



MASTER OF ENGIMEERING McMASTER UNIVERSITY
(Mechanical Design) Hamilton, Ontario

TITLE: Design Optimization of Coke Pusher Ram

AUTHOR: Mohammed Badiuzzaman, B.Sc. (Engg.), Bihar University
SUPERVISOR: Professor J. N. Siddall

NUMBER OF PAGES: xvii, 138

SCOPE AMD CONTENTS:

In this thesis develonment of forces, structural
analysis and development of a composite computer programme
for the design optimization of coke pusher ram is covered.
The major aim of the project is to demonstrate the applicab-
ility of optimization technique in the desian of heavy
‘machines for steel plants, and the development of a standard
computer programne which can be used repeatediy in getting
an optimized design of a machine element by sunplying only
the information available from the project designer. The so
called comnosite computer proqramme develoned here needs
only the coke oven parameters and related data available
from the project desianer, and dimensions of the matching
elements, to find out the optimum section of the coke pusher
ram,

The forces develoned theoretically by using
emperical factors was verified by taking certain observations
at the coke oven battery no. 3 of Steel Company of Canada,
Hamilton. Two different optimization techniques are used

to confirm the accuracy of the results.
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1. INTRODUCTION

In the development of a new high capacity coke oven,
the oven dimensions and all related parameters of the coke
oven plant would be changed from existing desiagns, so all the
machines serving the oven would be redesianed.

The present thesis demonstrates the use of non-
1inear optimization techniques and the computer in obtaining
the ontimum design of the heavy machines used in a coke oven
plant. It also shows how the tadious work of redesigning a
machine element could be made easier, faster and more reliable.

The technique is illustrated by optimizing the coke
pusher ram which is a vital component of coke pusher machines.
Besides the utilization of ontimization techniques the thesis
shows that for any element of the coke oven machine, a composite
computer programme can be develoned which can be used to obtain
the optimum design with information and data provided by the
project designer., The same computer deck can be used again and
again by simnly changing the innut data card. Similar to this, a
composite orogramme for the optimum design of each element of
the machine can be develoned, so whenever it is required to
design these machines for a completely new oven, the work of
redesigning will take much less time than it would have normally

taken,



2. PRODUCTION OF COKE

2.1 Brief History

For centuries coke has been reaarded as one of the
major comnonents in the production of iron. Coke was first
successfully used in iron making in the United Kingdom in
1709. At that time it was produced by the same method as
charcoal. Beehive ovens were introduced in about 1750; very
qgood results beina achieved with British coal. But this process
did not prove very suitable for continental coal with its
very hinh swelling index. So narrow coking chambers were
designed in order to meet those difficulties. The first chambered
coke oven battery was installed around 1852 in Belgium. After
a long series of experiments, by-prod@ct recovery ovens were
evolved and first operated by Otto around 1892. This system
made possible a very marked increase in thermal efficiency and,
later, the use of lean gas such as blast furnace gas, either by
itself or mixed with coke oven aas, for the heating of ovens.

In the last few decades there had been rapid
development in by-product coke oven plants. The developments
were mostly in:

(a) the improvement of regenerators and combustion

systems;

(b) the utilization of silica refractories in oven

construction, which raised the coke yield per

cubic meter;



(c) the improvement of the by-product recovery
plant and recovery efficiency;
(d) the perfection of new mathods of preéaring coal
for coking;
(e) an increase in cokina chamber dimensions.
In the Tast decade the developments have been mainly
confined to two aspects:
(a) full mechanization of the operation of the coke
oven plant;
(b)Y an increaselin oven canacity as far as possible.
A lot of work is being done in the U.S.A., U.S.S.R.,
U.K., and W, Germany to develop the design of high capacity ovens,
their related serving machines and also to introduce maximum
possible automation and mechanization in the operation of these
plants,
2.2 Coke Oven Pattery

The coke oven battery consists of a number of coking
chambers, rectangular in section, varying generally from 30 ft. to
50 ft. in length, from 6 ft. to 14 ft. in height and 12 inches
to 22 inches in width. From 10 to 100 ovens constitutes a battery
of ovens, in which coking chambers alternate with heating chanbers
on each side of each coking chamber. The regenerative system
is underneath the heating and coking chambers. Separating walls
between regenerators also serve as foundation walls for the

heating and coking chambers. The entire structure is supported



either from the ground or by columns under a structural steel
base. The coal is charged through openingsin the top of the
oven, and the coke is pushed out from one end by an electric
power driven pusher ram, acting through the other end. Figure
1 shows a cross-section of the oven showing the position of
different serving machines. A1l quenchino of hot coke is done
outside of the oven, DBuring the coking period, the ends of the
oven are closed by refractory 1inea doors, which must be
constructed so as to affect complete hermetic sealing of the
oven. To permit the escape of the volatile matter, which must
underqgo several different treatments to separate the various
coal chemicals, an opening is provided threcugh the top at one
or both ends of the oven. This opening is fitted with an offtake
pipe, which. in turn connects with the gas collecting main.
Figure 2 shows a cross-section of a coke oven battery
which clearly shows the construction of the oven, heating
system, regenerator and foundation.
In normal modern coking practice the coal charge
is heated out of contact with air for a period of about 18 hours
at a temperature around 1000°C. The time and temperature of
coking varies, depending upon the quality of coal.

2.2.1 Coke Pusher Machine

The function of the coke pusher machine is to travel
along the length of the battery, remove and replace coke oven

doors, push out coke from the oven, open and close leveller



bar doors, level the coal charge in the oven, clean doors, frame
and flash plates and degraphitize the oven ceiling.

The following mechanisms are installed in'the coke
pusher machine for serving the oven.

(a) Travelling mechanism

(b) Pushing mechanism

(¢} Door latch unscrewing mechanism

(d) Door snatching mechanism

(e) Door turning mechanism

(f) Travelling mechanism for door extractor

installation

(g) Door cleaning mechanism

(h) Frame and flash plate cleaning mechanism

(i) Levelling mechanism

(j) Leveller bar door opening mechanism

(k) Spill charge collecting system

(1) Dearaphitizing mechanism,

The above are the major mechanisms provided in the
coke pusher machine which perform all the operations for serving
the oven., The total time taken by the coke pusher machine to
serve one oven is about 12 minutes,

2.2,2 Coke Pusher Pam ’ ,

The coke pusher ram is one of the vital elements
of the pushing mechanism of the coke pusher machine. In every

cycle of serving operation it pushes out hot coke from the



oven. It consists of a welded box beam, a cast steel ram head,
toothed rack and quide rack rivetted all along the length of
the beam, and a supsorting shoe., The whole pusher ram assembly
is supported on three rollers which are mounted in three
fabricated stanchion which are fixed on the coke pusher machine
structure. The pusher ram is driven by an electric motor
through reduction gears with a ra;k and pinion arrangement, the
pinion being mounted on the outout shaft of the reduction qear
and rack Eivetted on the bottom flange of the box heam. The
driving pinion is mounted on the first stanchion and serves
also as the supporting roller, The first stanchion has another
'r011er mounted above the pinion with just sufficient clearance
to pass the pusher ram between them, The two other stanchion
have two side rollers also in addition to the top and bottom
roller. The function of these rollers is to support the pusher
ram, keep it straight and minimize resistance during its
travel. Figure 3 clearly shows the installation with all its
detail.

The box beam is fabricated from ordinary structural
steel plate of standard thickness by welding flange plates to
web plates. Some manufacturers of coke pusher machine use a
H Section for the pusher ram. But it has been observed in
practice that a box section has a better resistance against
warping due to temperature change. Therefore a box section is

preferred over H Section for the purpose, The present project



work deals with the optimization of this box section which is to
be designed for a specific coke pusher machine, selected for
illustration as the one for a PK-2K type Russian desianed coke
oven of 21.6 cubic meter capacity. This oven has a capacity

common for steel plants.



3. DEVELOPMENT OF FORCES ACTING ON THE PUSHER RAM

3.1 Introduction

The Russian PK-2K §s anunderjet side fired compound
oven., A similar tyne of oven exists in the Steel Company of
Canada, in Hamilton. The dimensions and other characteristics,
including size of pusher machine used, are very similar. This
allowed the author to use actual results obtained from observa-
tions taken at Stelco for the justification of the theoretically
calculated values., It will be shown later that the two values
closely agree with each other.

. As indicated earlier, one of the aims of this project
is to develop a standard computer optimization programme. The
input data of the computer programme which governs the complete
design of the pusher ram are variables that vary from one
battery to another. So if it is desired to get an optimized
cross-section of the pusher ram for a specific coke oven
battery, the parameters of that oven and other data which is
normally available from the project drawings of the coke oven
plant is simply fed ihto the comouter nrogramme along with the
dimensions of the matching elements.

The first step is to determine the total force on
the pusher ram in terms of these paraméters. Figure 4 shows
the cross-section of the coke oven along with the pusher machine,
door extractor machine and ccal charging machine. This figure

corresnonds to a project drawing and the parameters indicated



in this drawing arce normally available to the machine designer
before he proceeds with the desion of the machine. Table 1
shows the value of these parameters and value of matching
dimensions which will be the input of the proposed composite
computer proaramme. In the following formulations these
parameters will be frequently used.

During the pushinua of coke from the oven the ram
must overcome the following resistance.

(a) Force . of inertia of the static coke mass.

(b) Force of frictional resistance between the coke
and the oven sole and wall.

(¢) Force of frictional resistance in the bearings
of the rollers and between the ram and the rollers.

In the present problem the force described in (c)
will not be considered, since this is only used for calculating the
motor power of the drive. Besides this the magnitude of this
force is much less than the other two forces.

The force of inertia of the coke exists only at the
beginning of the push but the frictional force due to resistance
between the coke and trick-work remains throughout the travel of
the ram; however it goes on reducing till the end of the travel.
The variation of the forces can be seen in Figure 5. The graph
shows the magnitude of force at different positions of the ram
during its complete forward travel in the oven. The graph shown

in Figure 5 has been develooed with the help of the current
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recorder graph of the pushing mechanism of a similar coke pusher
machine recorded and supplied by Koppers Co. Inc., Pittsburgh,
U. S. A. This ctrrent recorder granh shown in Figure 6 was
obtained by running the recorder drum at comparitively high
speed so as to significantly record all the changes in the
current requirement of the electric motor. The graph will be
explained in detail in Section 3.6.

The total pushing force which the ram must exert on
the coke varies during its travel. At the same time the force
characteristics of different batteries are not the same. They
not only differ with the ovens of different batteries, but also
vary with the ovens of the same battery. This can be observed
in the current recorder chart for the pushing mechanism of
Stelco battery No. 3 and No. 4 in Fiqures 7 and Figure 8
respectively.

The magnitude of the required pushing force depends
on many factors; the main factors can be summarized as follows.
(a) Quantity of coal charged in one oven.

(b) The quality of coke at the time of pushing (it
may be perfectly dry coke or sticky coke due to insufficient
shrinkage of the coke mass).

(c) Condition of coke oven battery (nature of deform-
ation and type of carbon deposit), |

(d) Quality of coal charged (tendency to swell),

(e) Coking process (temperature of coking, and maximum

tenperature difference along the height of the oven).



Factors such as condition of the coke oven chamber,
uneven heating along the height of the oven, and others
permanently effect the working, and are difficult to rectify.
It is ohkvious that such effects increase the force nacessary
for pushing out ihe coke. In the determination of force for
pushing, normally the following three possible cases are
considered,

(a) Mormal Travel of Coke Mass

This condition assumes that the condition of the oven
chamber is satisfactory, i.e. neqlecting the deformation of the
oven, transverse shrinkage of the coke mass is normal and
there is a clearance of 3/4" to 1 1/4" between the coke mass
and oven wall,

(b) Close or Tight Travel of Coke Mass

This condition takes into account all the enumerated
resisting forces as constantly acting, beside this it includes
the condition that the coke is not dry but sticky and the coke
shrinkage is comparatively small. It has been observed in
practice that the force of nushing in this case is increased
from 1.5 - 2.0 times the normal force. This can be seen in
Figure 5 and Fiqure 7.

(c) Dead Stuck Coke

This condition, which occurs rarely in the oven,
exists when the coke mass is extraordinarily sticky because
of nremature coking. If the coking is not complete all the

tar and volatile contents are not removed, and this excess tar

11
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content creates this condition., In such cases the coke is
hammered by the ram many times to push it out. The ramming
force is limited by the maximum overload relay, which is
adjusted for the magnitude of force which may not damage the
oven brickwork. If by a few hammering blows the coke is not
moved, then the doors are closed and further coking is
continued until it is considered that the coke is dry.

3.2 Inertia Force of Coke Mass

Initially the coke is static before pushing. The
pusher ram starts pushing it from one end and brings it to a
maximum speed from rest. Fiqure 9 presents characteristics
-of speed at different positions durinQ the forward travel of
the ram, This was developed hy the exnerimental section of
"GIPROKOKS", the Russian coke oven design institute [1].

It should be noted from Figure 9 that the ram travels from
its initial position A to B and further travels to reach the
face of coke at C. From C it starts pressing the coke, and in
doing so the velocity drops to D or D' and sometimes even near
to zero. At this po{nt the ram exerts its maximum force to
release the whole coke mass from the arip of friction and cohesion
between the coke and the oven sole. Due to application of such
a high force the whole coke mass is suddenly freed from the
grip and starts moving very fast., It has been observed in
practice that the time taken to accelerate from D to E is about

0.5 - 0.7 seconds. Since no definite prediction is possible
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about the location of D, a safe calculation of inertia force
would assume that D is on the x-axis. This is a conservative
assumption. However, since the inertia force contributes only
about 3 1/2% of the total force, its effect is not very
considerable.

Force of inertia

= 2 v
F1 = g C ¥ (3.1.1)
where
wz = Vouw (3.1.2)

3.3 Frictional Force Due to Friction Between Coke and Oven

Brickwork

The frictional force which Qi]l be experienced by the
pusher ram during pushing of the coke mass depends on the coefficient
of friction K, between the hot coke and oven sole, and the
coefficient K, which takes into account the additional resistance
arising from the friction between the coke and wall of the oven
chamber. The values of these coefficients to a sianificant
' degree depends on the condition {degree of deformation) of the
sole and wall of the oven chamber. Many desiaon institutes in
the Soviet Union and Coke Oven designing firms in the U. S. A.
and Germany have performed exneriments to find the value of
these coefficients. It has been agreed that the values of K]
vary between 0.5 - 0.75 and K2 between 1.2 - 1.3,

Due to the shrinking quality of coke, there is

always a gan between the coke mass and the walls of oven. It



14

has been calculated and also found in practice that normally
this is 3/4" to 1 1/4". But nevertheless there is significanf
friction between the coke mass and wall due to stickiness of
the coke mass due to the presence of coal tar or due to
premature cokinag,

In practice it has been observed that the coke mass
does not start moving from the moment the ram touches the coke,
The pushing ram first moves quite a distance while compressing
the coke. This distance varies from 2 1/2 ft. to 7 1/2 ft.
Only then the coke mass begins to move. The initial compression
of the coke creates a presstre on the wall which creates an
additional instantaneous resistance against pushing. It has

been found that the factor K, of value 1.3 takes into account

2
this additional resistance.

The pressing phenomenon of the coke is illustrated
in Fiqure 10,

The normal frictional resistance F2 can be aijven

by the following expression.

F2 = ‘.\!2.K1.K2 (3.2.1)

3.4 Maximum Possible Axial Force on Ram in Normal Condition

As discussed earlier, there are two types of resisting
forces which act against the motion of the ram. They are the
inertia force and the frictional force due to friction between
the coke and brickwork. These forces are denoted by F] and F2'
So the total maximum foirce acting on the ram will be the
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addition of these two forces and expressed as

Fy o= Fp o+ F, (3.3.1)

3.5 Maximum Possible Axial Force on Ram in Any Condition

The derived force F3 is the necessary force to be
applied by the pushing ram to push out the coke in its normal
condition. But there could be an instance when the pusher ram
must overcome a force created due to tight or rough flow of the
coke mass as explained above. Therefore it is necessary to
multiply the normal force by a factor, which will take into
account this unwanted exceséive force created during the operation
of the coke oven battery. It is difficult to estimate the exact
value of this factor, since it varies with the type of coal,
condition of oven, coking temperature and variation of temperature
along the height of the oven,

So normally the factor is found by actually making an
observation on the current consumption of drive motor in the
coke oven plant., In this connection work was done by "GIPROKOKS",
the Russian coke oven design institute, Kharkov Ukrain by an
Engineer Y. M. Obukovskov, and he found that the value of this
factor (K3) varies from 1.5 to 2.0. In the present problem the
value of Ky is taken as 2.0.

Therefore the maximum force of resistance due to
friction between the coke mass in the case of sticky conditons
can be given as:

F, = F,.K (3.4.1)
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And the maximum possible force exerted on the pushing
ram in a sticky condition of coke is given as:

Fp = Fy + F,

4

1
or F4 = F1 + FZ'KB (3.4.2)

The value of F4 in the present problem comes to around 60.2

kips. and that of F, as 31.2 kips,

3
3.6 Verification of the Calculated Values of the Forces

To justify the values of force of resistance obtained
by calculation based on earlier experimental results, the
author took some observations at the coke pusher machine of
battery No. 3 of the Steel Co. of Canada, Hamilton., The author
‘obtained the current recorder chart of the motor used with the
drive of the pushzr ram. From the characteristics of the pushing
mechanism of this pusher machine, the force exerted by the electric
motor in the pushing ram to overcome the resisting forces is
computed by the following expression.

33000 x V0 X Am X RY X n

Fo= (3.5.1)
2nknr

The values supplied by Stelco for this mechanism are:
V_ = Voltage employed by the pushing mechanism = 230 volt D.C.
A = Current consumed by the electric motor of the pushing

mechanism = variable.

R = Reduction ratio of the reducticn gear of the pushing

mechanism = 39,2
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n = Transmission efficiency of the pushing mechanism = 0.8,

k = Factor for power conversion from H.P. to K.W. = 0.7457,

n = Speed of electric motor of the pushing mechanism = 440 r.p.m.
r = Pitch circle radius of the driving pinion of the pusher ram.

Using equation (3.5.1) the force exerted by the electric
motor on the ram was computed for curirent consumption from 5
amperes to 400 amperes with an interval of 5 amperes and presented
in Table 2.

As explained ear1fer, detailed current characteristics
of the electric motor of similar oven was obtained from the
Koppers Co. Inc., Pittsburgh, U. S. A. with the help of these
characteristics and computed value of the force on the pusher
ram, the force characteristics for Stelco coke pusher were
déveloned and are presented in Figure 5. These characteristics
represent the behaviour of the coke resistance against the motion
of the ram, which is exnlained as follows:

First the ram is moved from its original position
and brought exactly on the edge of the oven brickwork. The ram
is left in this position until the pusher onerator gets a push
out green signal from the coke quide operator. Figure 5 represents
the force characteristics of the ram from this position to the
forward most position., The initial pressing of coke is performed
by the movement of the ram head from "0" to "a". There is a
dron of "ab" because some times in the small part of the coke

column which is being pressed, there cccurs a slip which reduces
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the force requirement for a fraction of a second. Then pressing
again starts until the grip of the coke offers maximum resistance
un to "c", when suddenly this grip is released. This sudden
motion of the coke attains inertia, and for further movemert of
coke the force requirement drops down, until the coke mass is
decelerated by the time the ram reaches point "e". So, to again
accelerate the last portion of the coke mass, the force
requirement increases to "f" and remains more or less the same

up to "g", and then suddenly drops at the end of its forward
travel to reach "h".

The dotted curve bc'c denotes the emergency condition
or maximum force requirement in case of rough or sticky coke. This
peak "c'" is not normal but occurs occasionally.

It should be noted that the peak load “c" may not
occur every time exactly after 9 ft. of travel inside the oven.

It depends on the quality of coke and other factors. But normally
the peak load lies between 5 ft. and 15 ft. of the ram travel
from the edge of the oven brickwork.

Before goin§ into detail of the experimental results
it is important to note that the oven of battery No. 3 of the Steel
Co. of Canada is nearly the same as that of the Russian battery
PK-2K for which the pusher ram is being'optimized. Table 3 shows
different parameters of the two coke oven plants. From this
table it can be seen that the ovens are nearly same. The

oven for which the pusher ram is being designed is about 9%
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bigger in volume than the Stelco oven.

The maximum current consumption at any time during a
period of a few weeks was observed as 400 amperes. The force
calculated as per the power consumed by the electric motor of
the drive is 54.333 kips. (Table 2). This value is less than
what was calculated for the Russian oven, since it is bigger
than the Stelco oven. Similarly, normal consumption of current
is about 225 amneres with a corresponding force of 30.562 kips,
whereas thé calculated value comes to 31.200 kips. This comparison
shows that the values calculated theoretically are quite justified
and somewhat on the safe side.

3.7 Vertical Forces Acting on the Pusher Ram

The following three forces are acting vertically on
the pusher ram.
(a) Self weight of the pusher ram, W, which comprises
of the weight of the ram section only, WT, and the weight of
the toothed rack and quide rack, wr. Thus
W = N] + W (3.6.1)
where
w] = p_.A. (3.6.2)
(b) Weight of the ram head, w3

(c) Meight of the supporting shoe assembly, w4.



4. STRUCTURAL AMALYSIS AND STRESS AMALYSIS OF PUSHER RAM

4.1 Introduction

The foliowing forces are acting on the ram during
its complete forward travel while pushing.

(a) Force of resistance of coke, F3, which varies with the
distance of travel. The maximum value of F3 occurs at a
nlace ahout g ft., inside the oven (Figure 5), and goes
on reducing until it becories zero at the end of travel.
The maximum force due to sticky condition is F4, vhich
occurs occasionally.

(b) Weight of the ram head acting vertically.

(¢) Meight of shoe assembly acting vertically.

(d) Self weight of pusher ram acting vertically.

(e) Force acting axially due to thermal stresses generated by
a rise in temperature of the ram while it is restricted
against axial expansion.

4.2 Critical Positions of Pusher Ram

There are three main positions which are considered
critical for the design of the pusher ram.

(a) First Position

The first position is shown in Fiqure 11, when the ram
has entered about 10 ft. inside the oven and has the maximum
cantilever condition from the concentrated load due to the weicht
of the ram head and shoe assembly, and the uniformly distributed

self load. In addition, the ram has in this position a maximum

20
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magnitude of axial force required to push the coke. Fiqgure 12
shows the loading condition with the loads acting on the pusher
ram in the first position. It should be noted that,'in practice,
only two out of three rollers support the ram, because a
clearance of about 1/8" is kept between the ram and rollers for
free travel of the ram between these rollers. So fora safe
design in this particular condition, it is assumed that the
central roller support "B" is not giving any support to the ram.
Figure 12 presents the actual mathematical model, showing all
loads and reactions in the first position of ram travel.

(b) Second Position

The second position of the pusher ram is shown in Figure
13, when the ram has entered the coke quide. In this position
the pusher ram has already pushed about 90% of the coke out of
the oven., The last decelerated portion of coke remaining in the
coke quide needs excess force for pushing. It can be observed
in the graph of Figure 5 that after a drop of force requirement,
it suddenly rises for the last portion of travel. This is because
of the deceleration of the coke mass as exolained earlier.

This is another position of the ram which needs
attention. Here the axial force is about 60% of the maximum normal
force required to push out the coke. So the axial force F5 can
be given by the expression: z

Fr. = 0.6F

5 2
The loading condition for this position of the ram is

(4.1.1)
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shown in Figure 14, with all loads and reactions. It should be
noted that in this position, besides bending stress due to the
shoe weight, the weight of the ram and ram head, there will be
additional bending stress due to the frictional force caused

by the friction between the shoe and the brickwork, plus the
maximum thermal stress due to temperature rise of the pusher
ram.

(c) Third Position

The third position of the pusher ram is shown in
Figure 15, when the ram has reached the maximum forward position
of its travel. At this position all the coke has been pushed
out and the ram is about to start its backward travel, and the
ram has its maximum span between two supports, giving a maximum
bending moment due to its weight. There will be no major axial
force except that due to the friction between the shoe and the
oven brickwork. It should be noted that the third position
is considered to occur a fraction of a second before it stops,
so that shoe friction must be considered. Figure 16 illustrates
this loading condition.

4.3 Calculation of Span Lenaths of Pusher Ram in Different

Critical Position

One of the aims of this project is to develop a composite
computer programme in which all calculations are included in the
programme with the input of only the oven parameters. This section

provides the expressions for the calculations of different span
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lengths for different critical position of the pusher ram, in
terms of the oven parameters.

(a) Span Lengths in First Position of Ram

Lr = L - (d-a) (4.2.1)
L]] = g+ q (4.2.2)
Ly = 9 (4.2.3)
L13 = e+ f (4.2.4)
Lig = Lp- (L + L) (4.2.5)

(b) Span Lengths in Second Position of Ram

T, = o049l (4.2.6)

Lyy = 9 (4.2.7)

Loy = 9- (d + ¢) + T2 (4.2.8)
(¢) Span Lengths in Third Position of Ram

Lyp = 9 ~ -~ (4.2.70)

Ly = g-(d+c)+T (4.2.11)

4.4 Thermal Stress iﬁ the Ram

In every cycle of operation of 12 minutes the pusher
ram enters the oven once. The forward and backward travel takes
about 50 seconds. Thus the pusher ram is exposed to an oven
temperature of 1800°F, and its temperaturevis always much higher
than the atmospheric temperature. To save the ram from cyclic

thermal shock, the ram is enclosed in a box lined with asbestos
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sheet. To find the magnitude of thermal stresses, it was
nacessary to know the exact rise in temperature of the pusher
ram. For this the author took some observations on the coke pusher
machine of Stelco coke oven battery No. 3. Surface temperatures
at three points along the length of the ram were measured with
a thermocouple just before entering the oven and immediately
after it came out of the oven. The results are presented in
Table 4, It can be noted that there was not more than 50°F rise
in temperature at any npoint of the ram. So if we consider the
temperature rise linear with time, which is a fair approximation,
the total rise in temperature of the ram in its first critical
position is estimated as 7°F, and in second and third critical
position as 30°F.

Due to the rise in temperature of the ram, it will
expand. This expansion is restricted by the axial force acting
on the ram, developing a compressive stress in the ram.

The thermal stress can be expressed as:

Ot] = CiEtr] . (4.3.1)
Opyp = aEtY‘Z (4.3.2)
Op3 = uEtr3

where Opy = Thermal stress in the pusher ram in the

first critical position.
= Thermal stress in the pusher ram in the

second critical position,
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O3 = Thermal stress in the pusher ram in the third

critical position,

a = Coefficient of thermal expansion for structural
steel,

E = Modulus of elasticity for structural steel.

tr] = Rise in temperature of the pusher ram in the

first critical position.

to = Rise in temperature of the pusher ram in the
second.critical position,

tg = Rise in temperature of the pusher ram in the
third critical position. In this problem

tr3 = tr2'
4.5 Maximum Stress in the Pusher Ram

Since there are three critical positions of the pusher
ram, the maximum stress in each case will be estimated separately.

(a) First Position

‘The structural analysis of the pusher ram in this
position is given in Appendix A in which the maximum bending
moment and maximum shear force are found. The maximum compressive

stress ¢ 1 in the ram section can be expressed as

max
omaxl = %1 t %1 * o4 (4.4.7)
vhere
Mmax]
oy = T (4.4.2)
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. ]

Od] - A (4-4.3)

41 aEtr] (4.4.4)
or

M F
. _max] 4

Opax] = Z, ot afty (4.4.5)
where

opp = Maximum bending stress.

Og1 = Direct compressive stress.

Mmaxl = Maximum bending moment.

F4 = Maximum axial force.

A = Area of cross-section of the pusher ram.

Zx = Modulus of section of the pusher ram about x - x.

The maximum shear stress in the web of the section of

the ram is given as

g * %(lt;- [ t,(by - 2d;) (-Zl - ;?-) + ta(-Z—‘— - )% (4.4.6)

where

1 Maximum shear stress.

Fs] = Maximum shear force.

I, = Moment of inertia of ram section about x - x.

a = Height of the ram section.

by = Width of the ram section.

ta = Thickness of web plate of the ram section.

ty, = Thickness of flange plate of the ram section,
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d] = Diamater of hole in the flange for rivet.

(b) Second Position

The structural analysis of the pusher ram in this
position is given in Appendix B in which the maximum bending
moment and shear force are again found. The maximum compressive

stress in the ram section can be expressed as

‘max2 -~ %2 t %2 t %2 (4.4.7)
where
o, - _maxt (4.4.8)
b2 Zx
F
Udz = 7\-6" (4.4-9)
o, = oEt,, (4.4.10)

If °t2A’ which is the axial force due to thermal

stress is more than F6, then

o * 6 (4.4.11)

or
M F

- _max2 , 6

The maximum shear stress in the web of the section

of the ram is given as

F a t a
T = T [ tyloy - 2) G- D) b, - )71 (4.4.13)
X a

(c) Third Position

The structural analysis of the pusher ram in this
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position is given in Appendix C in which the maximum bending
moment and shear force are found. The maximum compressive

stress in the ram section can be expressed as

‘max3 = b3 Yt %3 * O3 (4.4.14)
where
M
~ max3
Ub3 - _Z—“"‘— (4;4.]5)
X
Fq
0d3 = r (4040]6)
O3 = aEtr3 : (4.4.17)

If °t3'A’ which is the axial force due to thermal

stress in more than F7 then

- (4.4.18)

(4.4.19)

The maximum shear stress in the web of the section

of the ram is given as

= f§§_.[ t (b, - 2d,) (El._ t)
Ts3 Lt - 1/ \2 b
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a
+ ot (2-1-- tb)ZJ (4.4.20)

4,6 Deflection of the Pusher Ram

When the pusher ram enters the oven so that the sunnorting
shoe is resting on the sole of the oven, there is a definite gap
of about 7/8" kept between the sole of the oven and the bottom
part of the ram head. Besides this, the bottom face of the ram
head is designed such that it can play vertically (Figure 3) to
allow any small obstacle to pass without interference. This is
done because in an old oven, pits are formed in its sole, and the
sharp rigid edge of a ram head may catch on these and destroy the
‘brickwork of the sole. To avoid this while designing the pusher
ram, a deflection more than 2.0" is not allowed at the ram head
end of the pusher ram.

This deflection is found for the three positions.

(a) Deflection at the ram head end of the pusher ram in the first

position, is calculated in Appendix A and expressed as:

4 3
wd w3
3 1, Mt Y
AL, = [{ ¢ A 130
L3 S 8 T+t Blygky - Ly
3 A 2
{""L13Ln Wbty L n (les + WL 4 MLy,
- {7 V2 3t t Ml t
- Py (4.5.1

(b) Deflection at the ram head end of the pusher ram in the second

position, is calculated in Appendix B and expressed as:
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&3 3
W e 3 [”in L ater Maplar | Ladta
A3 W S m 3 27 6
2 2
WL Lt WL
23 2211 1
—g - Feyp) + g (gl P yy)] (4.5.2)

(¢) Deflection at the ram head end of the pusher ram in the third

position is calculated in Appendix C and expressed as:
' 4 3 3

W oe it L N 7Bt B o )
3 T el 3 2% 3
Foyobay Wiaolsy Moo FoyL
2t Madke Maste e
3 3 ¥ 5

4.7 Desian Limits

The following are the desian requirements for the
pusher ram beam,
(a) The cormnressive stress should not exceed half the yield
strength of the material at any time during the operation
of the pushing mechanism.
(b) The shear stress at any point of the pusher ram section
should not exceed one-fifth the yield strength (tensile) of the
material in any position of the pusher ram.
(c) The maxinum deflection on the ram head end of the pusher
ram should not exceed 2.0 inches,

(d) The thickness of the web nlate of the ram section should not
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be less than one-third the thickness of the flange plate,
for welding considerations.

(e) The fhickne;s of flange plate should not be less than the
diameter of rivet used for fixing the toothed rack with the
ram.

(f) The flange width of the ram section should not be less than
the width of the toothed rack, and should not be more than
0.88 times the minimum width of oven.

(g) The height of the ram section should be such that it leaves
at least one-fifth the height of oven gap under it so as to
accommodate the supnorting shoe.

4.8 Material Used

Most of the manufacturers of coke oven machines use
low tensile strength carbon-silicon structural steel. In the
present design problem low tensile sirenqth carbon-silicon steel
plate of standard ASTM A284-55T Grade A is used with the following
specifications:

Tensile strength = 50000 psi

Yield point minimum = 25000 psi

Elongation in 8" minimum = 25%

i

Elongation in 2" minimum = 28%.



5. DESIGN OPTIMIZATION

5.1. Formulation of Ontimization Problem

The optimization criteria for the pusher ram is weight
reduction. The length of ram and density of structural steel being
fixed, the ohjective function becomes the area of cross-section of
the pusher ram.

The area of cross-section of the pusher ram is a function

of four variahles:

ay; = height of the ram sectioﬁ in inches

b] = width of the ram section in inches

ta = thickness of the web plate of the ram section
in inches |

tb = thickness of the flange plate of the ram section
in inches

and a constant

!

d1 diameter of the rivet hole in the flange of the
ram section.

The objective function can be exnressed as:
There are ten inequality constraints which define a feasible

desion as described in section 4.7.

5.1.1 Constraining Functions

I. Limit on the maximum comnressive stress in the first

critical position of the pusher ram.

32
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< Y.P,
Omax] -~ TP (5.1.1.1)

II. Limit on the maximum compbressive stress in the

second critical position of the nusher ram,

< Y.P.
Gmaxz - ""-2-— (501;].2)
ITI. Limit on the maximum compressive stress in the

third critical position of the pusher ram.

. < Y.,P.
Omax3 -~ I (5.1.1.3)
IV, Limit on the maximum shear stress in the web plate
of the pusher ram section.

< Y.P.
Tl - B (5.1.1.4)

There are some limitations on dimensions of the ram
section due to matching of parts which are already desiqgned and to
match with oven dimensions.
V. The width of the ram section should not be less than
the width of the toothed rack.
by = b (5.1.1.5)

VI, The width of the ram section should not be more
than 0.88 times the minimum width of the oven.

b

<
, S 0.8 b (5.1.1.6)

VII. The maximum height of the ram section is limited
in order to keep a clearance at least one-fifth of the useful heicht

of the coke oven between the bottom face of the ram section and the
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sole of the oven, in order to permit easy installation of

the supporting shoe.

~ 5 B-h (5.1.1.7)

VIII. The thickness of the flange of the pusher
ram section should not be less than the diameter of the rivet

used to fix the toothed rack with the ram.

>

tb - do (5.1-1;8)
IX. To avoid warping of the ram section after

welding, the thickness of the web plate should not be less

than one-third the thickness of the flange.
t. 2 2 (5.1.1.9)

X. To avoid the damage to the oven brickwork, the
deflection of the ram head end of the pusher ram should not
exceed 2.0 inches,

ALy = 2.0 (5.1.1.10)

It may be noted here that constraints to limit the
shear stress in the web plate in the second and third critical
positions were not formed because the shear force in these two
positions were small compared to the shear force in the first
position., Similarly, deflection at thé ram head end of the
pusher ram {n the second and third critical positions were very
insianificant and amounted to only 3% of the deflection in the

first position,
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The constraining functions can be summarized as
follows, by expressing them in greater than or equal to zero

functions, PHI(I).

PHI(1) = Xﬁg;' " %max)
PHI(2) = XﬁgL' " “max2
PHI(3) = X%E;, " %max3
PHI(4) = LPe oo
PHI(5) = by - b
PHI(6) = 0.88 b - b,
pir) = G-y - L
PHI(8) = t, - d,

Y
PHI(9) = t, - 5>

PHI(10)

2.0 - All

The object then, is to minimize the optimization function
which is the area of cross-section of the pusher ram which in
turn is a function of four variables subject to the condition
that none of the ten limits are excceded.

5.2 Direct Search Method

The direct search method is basically a sequential
trial method in which is performed a sequential examination
of trial solutions, which are obtained by the numerical evaluation

of the objective and constraining functions.
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In each iteration of trials, the value of the objective
function is compared with the previous best value, and if improve-
ment is observed the search continues in the same direction,
otherwise the dirvection of search is changed. The search continues
unilateral and with a pattern move until there is no further
improvement in the objective function, showing that either the
optimum has been reached or the movement is stuck on some
constraint. This is kinown as stallina of the direct search,
vhich can only be remedied by restarting the search from another
noint. This is the only limitation with this technique, other-
wise it is a fast method for the optimization of nonlinear functions.

The method is not dealt with here in detail because
it is already well documented elsevhere [11, 141,

The Direct Search Computer nrogramme used in this
problem is a subroutine from "OPTIPAC"*. The programme was
modified to suit the problem and integrate it with the composite

computer programme developed by the author.

"OPTIPAC" is a aeneral comnosite computer program consisting
of different subroutines emnloyina various optimization
technique to solve all tynes of linear and non-linear
problems. This was prenared by Graduate Students (1968-69)
of Mechanical Engineering Department, McMaster University,
Hamilton, for a Design Optimization Course.
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5.3 Successive Linear Approximation Technique

Successive linear approximation, which was originally
called Method of Approximation Programming (MAP) introduced
by Griffith and Stewart [15] to solve 0il refinery problems.
This method essentially consists of linearizing the non-linear
optimization function and constraints followed by a linear
programming solution of the linearized functions by the simplex
method. This operation is applied repetitively so that the
solution of the linear problem converge§ to the solution of
the non-linear nroblem,

The method is explained as follows:

Let the objective function

Uu = U (x1, Xos covens , xn) = minimum
subject to

b5 (Xps Xgs wenenn . %) < b, §=1,m

¥y (x], Xgs vovsen , xn) = d k=1,p

First the functions are linearized at a point x°,
by expanding them using Taylor's series and ignoring higher

orders than linear. The above set of equations becomes:

n . .
U=U(x5l>s eo e ,xon)+z (X.i _X?) aU(X_lg “en ,Xn)
i=] : o
i
n a¢'(x°Q e s o 3 Xo)
¢j (X%Q ses o X;) + E (Xi - x?) J ] n f b_

J
1 ax;
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( ) n ( ) awk(xi, cees x;) ,
v, (x8, ... . x2)+r (x;, - x3 =
k 71 LI i i axi k
Now let
(X5 «ov s x?)
= Ci a constant
X,
3
- =] [
ge = U(x], R xn)
[+ - ] L) [+]
‘bk = Wk(x‘la sxn)
[+ [+ [+
¢),] = ¢j(x'l9 ’xn)
o] [«
y _ a‘l’k(xjs ’ Xl’\)
ki
axi
[+ [»]
o . 205(x75 » Xp)
Ji ' IX .
i
- - o]
sxg = (x; - x3)
From the above equations, we have:
n
U-uU® = 3t C, 6x;, = minimum
RS i
j=1
n
I yp. 8%, = d, - yp
521  Ki k k
n <
T S..8x. - b. - ¢S
i:] :ﬂ 1 J ¢J

The above equations forin a problem which can be

solved by the simnlex method of linear proaramming.

However, since §x; may be also a negative quantity,
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cxi is split in two parts as

Although this effectively doubles the number of
variables, in the linear programming solution either 6x¥ or
éx; will be zero. Before starting the linear nrogramming, the
change in X is limited to a small amount, to prevent the
linearization from becoming invalid, i.e. |sx.| 5 m; .

The value of m; is chosen by trial,

5.4. Composite Computer Proaramme

One of the main aims of this preciect is to develop
a computer programme which can directly produce an optimum
design of the pusher ram with the inférmation available from
the project drawinags and drawings of the matching parts as
the input.

The‘composite computer proqramme consists mainly of
three parts, namely
(a) Composite Programme
(b) Subroutine SEEK
(c) Subroutine APPROX

5.4.1 Composite Programme

This programme first reads into the memory of the
computer all of the necessary narameters which are given in
Table 1, along with the starting values of the four variables,
2y b1, ta and tb which are the dimensions of the pusher ram

section.
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The subroutine SEEK is then called to find the optimized
section of the pusher ram using the information available to
the composite programme. SEEK finds the optimum by using the
direct searcih method and returns it to the composite programme.

Next the subroutine APPRQX is called by the comnosite
programme with the same information that wa§ supplied to sub-
routine SEEK. APPROX finds the ontimum by using the successive
linear approximation technique and returns the result to the
composite proaramme,

After receiving an optimum crass-sectional area,
and optimum dimensions of the pusher ram from SEEK and APPROX,

. the composite programme comnares the fwo optimum values to

find the best. First it rejects the poorer one, declaring

that this method yielded an inferior optimum and then prints

out from the method the cross-sectional area, and all the four
dimensions of the pusher ram. The plate thicknesses are rounded
off by 1/16", because standard steel plates are available only
in this increment. Besides this, the width and height of the
ram section are alsolrounded off by 1/16" for easy fabrication.

Then it accepts the best ontimum value out of the
two and declares it as the optimum design and prints out the
cross-sectional area and all four dimensions of the pusher ram,
again rounding off all the dimensions by 1/16",

5.4.2. Subrountine SEEK

This subroutine is called by the composite programme
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to find the optinum cross-sectional area of the pusher ram

with the help of information available in the comnosite programme,
It employs the divect search technique to find the optimum.

As exnlained earlier this method does sequential trial search

by making unilateral and pattern moves.

Subroutine OPTINF

Subroutine OPTIMF is called by subroutine SEEK at
every trial sequence in the process of search for the optimum
point. This subroutine plays a very important part on the whole
composite programme. It does the following operations:

(a) Calculates the span lengths of the pusher ram in different
critical positions.

(b) Calculates the axial forces acting in the pusher ram in
different critical positions.

(¢) Calculates the cross-sectional area, moment of inertia,
modulus of section and self weight of the pusher ram.

(d) Calculates the maximum bendino moment, bending stress,
thermal stress, and maximum compressive stress in all
the three critical positions of the ousher ram.

(e) Calculates the maximum shear force and shear stress in
the web plate of the pusher ram.

(f) Develons and evaluates the following constraints,

‘p‘

PHI(1) = X?—“ " maxl
.P‘

PHI(2) = X,Z_.“ ST
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pr(s) = Lo oo
Pri(a) = TP o
PHI(S) = b, - b
PHI(6) = b - b,

a
() = (3 - -l
PHI(B) = t, - d_

t, .

PHI(9) = t, - 5>
PHI(10) = 2.0 - &

(g) Finally evaluates the objective functions, the cross-
sectional area of the pusher ram, and tests for violations
of the constraints, If any constraint is violated, its
absolute value is multiplied by 1020 and added to the value
of the objective function. This helps in bringing the
search points from the infeasible to feasible region.

5.4.3 Subroutine APPROX

This subroutine is called by the composite programme
to find the optimum cross-sectional area of the pusher ram
with the help of information available in the composite
programma. It employs the successive linear approximation
technique to find the optimum design.

During the execution of this method it calls the
foflowing subroutines directly or indirectly.

(a) Subroutine MATRIX
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(b) Subroutine REALU
(c) Subroutine ENEQ
(d) Subroutine ORDER
(e) Subroutine CONST
(f) Subroutine SIMPLE.

Subroutines a, b, d, and f are taken from the composite
programma developed by Gurunathan [11] for his alternate search
optimization technique. The subroutines were modified to suit
the present problem.

Subroutine MATRIX

This subroutine called by APPROX sets up the simplex
matrix from the linearized equations. At every step, the
constraints and objective functions are evaluated by calling
subrountines CONST, ENEQ and REALU. The values are denoted as
wﬁ, ¢3 and U°, Then a small increment STEPX(I) is given to
each variable, and the new values for the equality constraints,
inequality constraints and objective function wl, ¢} and U]
are calculated at the new point. The partial derivatives of
the equations are evaluated as exnlained earlier, and the
entire matrix is set up with the slack variables included. To
check for any of the B(I), in the matrix AX = B, bececiming
negative, subroutine ORDER is called, to rearrange the equations

properly and include artificial variables if necessary.

Subroutine REALU

This subroutine, called by APPROX and MATRIX, calculates
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the value of the objective function.

Subroutine ENEQ

This subroutine, called by MATRIX, does the same job
as subroutine OPTIMF except it does not test for the violation
of the constraints as was done in OPTIMF of programme SEEK.

Subroutine ORDER

This subroutine is called by the subroutine MATRIX
and tests for any of the B(I)s becoming negative. If any B(I)
becomes negative it indicates that a constraint is being
violated. ORDER arranges the violated inequality constraint
in such a manner that the violated constraints are included
in Phase 1 of the simplex proaramme,

Subroutine COMNST.

The expression for equality constraints, denoted by
PSI(1), is presented in this subroutine which is called by
subroutine APPROX, MATRIX and REALU. The value of PSI(1) is
computed here. In the present problem this subroutine is
invalid since there is no equality constraints.

Subiroutine SIMPLE

This subroutine is called by APPROX to solve the
linearized function using the simplex method of linear programming.
It consists of Phase I and Phase II of the standard simplex
method, which is formulated and programmed in "Theory of

Engineering Design" [10].



6. DISCUSSION

The results obtained from the successive linear
approximation technique were very satisfactory and consistent.
The optimum always converged to the same point from any starting
position. This is presumed to he due to its ability to proceed
along a constraining function without stalling. On the other
hand the direct search method did not produce consistent results.
From almost every starting point the convergence was different.
Besides this the step size héd a significant effect on direct
search, whereas successive linear approximation was only
affected to the extent that the convergence time differed,
without changing the optimum result.

One advantage of direct search is that the search
cén be started from even an infeasible reaion, which is not
possible in the case of successive linear approximation.

It is also faster, and if by a number of trials the starting
point and step size can be selected nroperly, this method may
be prcferable. But on the other hand a considerable amount

of computer time is wasted in making trial runs to locate a
good starting point and step size. Therefore it would seem
that the successive linear approximation technique is cenerally
superior to direct search in the present problem. The results
from the two methods starting from different points are

presented in Table 5 for comparison.

4
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An optional way of using the optimizing technique
can he set up hy adding and chanaing a féw cards. Direct search
is just used to find an optimum starting from any arbitrary
point even in the infeasible region. This is then internally
used as a starting point for the successive linear approximation
method. In this particular problem, this approach was slightly
quicker than using the methods in parallel. tHowever no comparative
change on the optimum is obtained. The change in the computer
programmne for this is civen in the last pace of Appendix E.

Table 6 presents the results from the composite
computer programme, after starting from the best selected point.
The optimization of the pusher ram achieved a

reduction of about 25% in the weight over the existing design.
There will be a further saving in engineering time; a design
engineer will spend at least 20 days on the complete analysis

and design of the pusher ram, where as the composite computer
programne does &ll that work in 10 seconds. The cost of computer
time will be around $2.00 compared to the design engineer who

will be paid about $500.00.



7. CONCLUSIONS

This project demonstrates the use of optimization
technique and computerization of the design of heavy machine
elements. In this example one component of a coke pusher
machine is optimized along with complete computerization of
the design process. Similarly, a composite programme for
individual major elements could be developed. It is also not
difficult to combine the composite programmes of individual
elements in one programme to make a design optimization
package for a complete machine. Such computerized design
optimization techniques can revolutionize the design and
development of heavy machines for coke ovens, blast furnaces,
steel melting and other plants of the iron and steel making
complex.

It is a laborious job preparing such big computer
programmes, but once completed it can be used again and
again and will be much more economical than designing the

machines every time for new ovens.

47
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Force applied by the drive of the pusher ram in kips
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TABLE-1
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S.Nqg. Description Sym-Unit | Value
bol
1 ilength of coke oven from end to end. a ins. 562.0
2 {Distance of the ram head face from the
end of the oven brickwork in the forwa-
rd most position of the pusher ram. b ins.J 109.0
3 |Distance of the ram head face from
the end of the oven brickwork in the
initial position of the pusher ram. C ins. 64.0
4 Distance between the ram head face
and the C.L. of the supporting shoe. |d |ins. 130.0
5 [Distance between the C.L. of first
and second roller support. e ins. 244.0
6 |Distance between the C.L. of second
and third roller support. f ins. 197.0
/7 |Distance between the end of oven bri-
ckwork and the C.L. of first roller
support. ' g |ins. 233.0
8 |{Usefull height of the coke oven
chamber. h ins. 157.0
9 |Total travel of the pusher ram. T ins. 735.0
10 |Total Tencth of the pusher ram with
ram head. L ins. 940.0
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Table 1 continued...
S.Nol Description Sym-{Unit| Value
bol
11 | Distance between the front end of the
pusher ram (without ram head) and the
C.L. of the sunporting shoe. q ins.| 114.0
12 |Volume of coal charged in'the oven. v C?% 760.0
13 |{Minimum width of the oven. b, |ins. 15.0
14 {Weight per unit length of toothed
rack and guide rack combined. "e lib/in 0.0192
15 |Weiqght of the ram head. w3 Kips 5.0
16 (Weight of the supporting shoe assly. w4 Kins 2.0
]7 Mean velocity of the pusher ram, v {ft/min 85.0
18 |Time of accelaration of pusher ram
in attaining maximum speed. t Sec. 0.6
19 |Diameter of the rivet for rivetting
toothed and aquide rack to the pusher
ram. do ins. | 0.8125
20 {Distance between the pitch line of
toothed rack and outside surface of
the bottom plate of ranm. C] ins. 3.0
21 |Distance between the bottom surface
of the ram and the bottom surface of
the shoe. C2 ins. 39.4




Table 1 continued....
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22

24

Description Sym+4Unit| Value
bol
didth of the toothed rack. br ins. 12.5
Rise in temperature of the pusher ram
in the first critical position. t] OF 7.0
Rise in temperature of the pusher ram
in the second critical position. t2 Of 30.0
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TABLE-2
Serial Current consumed by Force exerted by the
No. electric motor 1in electric motor on the
amperes. pusher ram in Kips.
1 5 0.679]
2 10 1.3583
3 15 2.0374
4 20 2.7166
5 25 3.3958
6 30 4.0749
7 35 4.,7541
8 40 5.4332
9 45 6.1124
10 50 6.7916
11 55 7.4707
12 60 8.1499
13 65 8.8290
14 70 9.5082
15 75 10.1874
16 80 10.8665
17 85 11.5457
18 30 12.2248
19 95 12.9040
20 100 13.5832
21 105 14,2623
22 110 14.9415
23 115 15.6206
24 120 16.2998
25 125 16.9790
26 130 17.6581
27 135 18.3373
28 140 19.0165
29 145 19.6956




71

Table 2 continued.

Serial Current consumed by Force exerted by the
No. electric motor in electric motor on the
amperes. pusher ram in Kips.
30 150 20.3748
31 155 21.0539
32 160 21.7331
33 165 22.4123
34 170 23.0914
35 . 175 23.7706
36 180 24.4497
37 185 25.1283
38 190 25.8081
39 195 \ 26.4872
40 200 ' 27.1664
41 205 27.8455
42 210 28.5247
43 215 29.2039
44 220 29.8830
45 225 30.5622
46 230 31.2413
47 235 31.9205
48 240 32.5997
49 ’ 245 33.2788
50 250 33.9580
51 255 34.6371
52 260 35.3163
53 265 35.9955
54 270 36.6674
55 275 37.3538
56 280 38.0330
57 285 38.7121
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Table 2 continued.

Serial Current consumed by Force exerted by the
No. electric motor 1in electric motor on the
amperes. pusher ram in Kips.
58 290 39.3913
59 295 40.0704
60 300 40,7496
61 305 41.4288
62 310 42.1079
63 315 42,7871
64 320 43.4662
65 325 44,1454
66 330 44,8246
67 335 45.5037
68 340 46.1829
69 345 46.8620
7Q 350 47.5412
71 355 48.2204
72 360 48,8995
73 365 49,5787
74 370 50.2578
75 . 375 50.9370
76 - 380 51.6162
77 385 52.2953
78 390 52.9745
79 395 53.6537
80 . 400 54.3339
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TABLE-=-3
. e .
o . PK-2K STELCO
.No Description Unit RUSSigCén‘EZtieg;ego.3
1 Length of oven. ft. 43.4 40,55
2 tUsefull height of the oven. ft. 13.1 12.25
3 |Mean width of the oven. ins. 16.0 16.0
4 1Yeight of coke produced per
oven per cycle. 1bs. 29750.0 26380.0
5 | Coking temperature. . Of 1850 2150
6 | Coking period. hrs 17.0 15.23
7 [Length of the pusher ram. ft. 786.3 73.2
8 | Power of motor used for
pushing the coke. KU 60.0 48.0
9 { Voltage of power supply Volt 220 230
10 | Speed of motor. rpm 470 440
11 | Reduction ratio of the
reduction gear. - 37.0 39.2




TABLE-4
Point No. 1 Point No. 2 Point No. 3
S 5 ft. from the ram head 15 ft. from the ram head.: 25 ft. from the ram head
! i
P‘C)';Irn"ciag) Final o Rise ig Initia% Final o Rise in Initial Fina]o Rise ig
itemn. F {temp. “Fitemp. “F | temp. "F|temp. "F temp. F | temp. °F temon. “F | temp. °F
5
1 250 295 45 240 280 40 220 255 35
2 | 250 300 50 235 ; 280 45 . 225 260 35
t
|
3 245 295 50 235 g 285 59 220 260 40
|
Mean temperature 48.3 |Mean temrerature 45 lean temperature 36.6

rise 1in

OF

rise in OF

. .. 0
rise in F
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TABLE-®6

Starting Point Final Optimum Pesult
Method
2, by ty ta A 3 by t ta
ins., ins. ins, ins. in ins. ins. ins. ins.
Successive |
Linear Approx- 25.0 12.5 0.82 0.27 34,9953 130.1875! 12.5 0.8125 | 0.3125
imation. §
Direct
Search. 25.0 12.5 0.82 0.27 36.2984 29.9375} 12.625} 0.8750 0.3125

9.
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APPENDIY - A

CALCULATION OF MAXIMUM BENDING MOMENT
SHEAR FORCE AND DEFLECTINN OF THE
PUSHER RAM IN FIRST CRITICAL
POSITION
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Calculation of Maximum Bending Moment

Shear Force and Deflection of the

Pusher Ram in First Critical Position

Wy W,
Fa o l | % J
L I |
- 12 F
- Ly RCI L. 2 b Lig

The figure shoun above is the loading condition of
the pusher ram in its first critical position as described

earlier. The bending moment at point A can be expressed as:

My = Mghyy by - Fayp * Ry
and bendina moment at point B is
2
W e HL]4
, = ——
- 2

AL1 is the deflection at point C and is derived in the following.

By using the method of super position, the deflection

AL1 at the point C can be expressed as [6].

ﬁ_] = (Deflection at point C due to load M3, w4 and YW

considering span AC as cantilever)
- Ly &

where 0, = slope angle at support A.
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It should be noted that the use of the superposition
method to find the deflection at C is justified because the

L/r ratio for the pusher ram is much less than 60.

3
HL]3 ) M]L]3 ] Tgklé

24EIX 3EIx 6ET

9]-'-‘
X

Deflection at point C due to load w3, H4 and Y

4 3
gyt oty H, ) ;
= * ) (BLyp Ly - Lyp7)
BEI 3D GEL
Therefore
waod wd
T 3k 4 2 3
T ¥ * (BLyp Ly = Ly
BET, 3D 6EI
3
A E s R b o L A
2061 3L 6E1

Substituting the value of M] and M2 and solving we get

4 3

3 WL WAL W
By 7 [t 22 2 (3Lyobyy - L123)}
3EL, - Folygly 8 3 6
3 .4
Mhyg™lyy Mg bysty bystyy
- - - (HBL]I + Halys
24 12 3
wL]]Z
+ “‘—2"’""' - F4)’~|)}]

The figure below shows the portion of the pusher ram
between point A and B as a free body along with the bending

moment diagram,



B.M.Diagram.

Mr: Mmaxi

The maximum hending moment in the pusher ram occurs at point

A in this position and is expressed as:

Moax1 = Mabyr ot o Wglyp - Fayy f Fgap

The fiqure below shows the shear force diagram
in the first position of the pusher ram.

The maxinum shear force will occur at point A and

is given as
F51 = w3 + ‘,44 + WLH (1)
or Fs] = Ra - (N3 + \«!4 + WLH) (2)

81
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S.FE Diggrarm.
3 (A
y 2 / SN e T
PP T3P 7 P el bbbl keI
/ feo Lla 7 RG {Rb
/]
é Liz o L.i4
/]
/
/]
Where
2
Wo(lyq + Lys) WL,y + Lys,)
3V 11 13 11 13
Ra = 1 + U4(L12 + L]3) 4 >
13
W, 2
14
-
2

The values of shear force in equation (1) and (2)
must be comnared and the greater value taken as the maximum

shear force.
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CALCULATION OF MAXIMUM BENDTNG MOMENT
SHEAR FORCE AND DEFLECTION OF THE
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Calculation of Maximum Bendina Moment

Shear Force and Deflection of the Pusher

Ram in Second Critical Position

W3 W4
CL z e B
o—— i (e o " s A AU 8~ G A O S N 00 ¥ . Lo Tt Vonn g™ Ko, oy Yoty R e Yonn et S am ¥ 7 U s
Y2 J Rq % yyl
Ps
e, Lzl Lza L?.?,
' : > -

The fiaure shown above is the loading condition
of the pusher ram in the second critical nosition as
described earlier.

The bending moment at point A is aiven as

WLy 2
Moo= Mgl 4 w—z;a-a * Fga, * ﬁ;y2 (M
and hending moment at point B is
L7

The deflection A 5 at point C is found by the method
of supernosition as described in Anpeﬁdix - A,

Deflection By o at point C can be expressed as
Ao = (Deflection AL' at C due to load H3 and W considering

span AC as cantilever) - LZIGT
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6, = slope angle at point A
A 3
i} HL22 ] M]L22 ] M2L22
24E1, 3EI,  6EI,
Therefore ALZ = A LT L21e]
wL2]4 w3L2]3
therefore AL' = + e
8EI K1
X X
T N3L2]3 Moo Loy Miloolyy
therefore AL2 = + - + :
8F1 3E1 24F1 3EI
X X X X
M.l AL
. 222721
6E Iy

Substituting the value of " and M, from equation (1) and (2)

to the above equation and solving we get

4 3 3

) 3 Moy Halyy™ MLpyLoy Lookoy
b, = [ + _ 21, 22
3EL Fel ol 8 3 24 6
2 2
WL Lol ML
23 2t . M
(»«E;- - F6y]) + "«_?;__ (U3L2] + —~;;- + Psyz)]

The expression for the frictional force PS can be derived
as follows.

Taking moments about point B we have

2
W(Loy + Lyp)

= Ha(lyy +Ly0) = Mploy + RoLoy - Py, - >



WL .2

23 . _
+ nu;;-— + (FS + ps)yT = 0
or 5
w(L21 + L22)
RaLZZ = w3(L21 + L22) + H4L22 + Psy2 + >
WL, .2
. 23 Ry -
> 51 7 TY2
. PS
and PS = K4Ra or Ra = ;~
4
therefore
P L
s 22 _ y _
" = H3(L21 + L22) + U4L22 + Ps(y2 y])
4
2 2
¥ - - Fgy
2 2
Solving the above equation we aet
K W(L,, + L,,)
Py = : Mooy + Lo,) + WL + —2L 22
22 4\v2 71
LMLyt :
—e - F y
> 571
The following figure shows the portion of the ram

between point A and B as a free body. The analysis of this
will give the maximum bending moment.

The loading system of the pusher ram is converted
into an equivalent system as shown in the fiqure above. The

analysis of the above system is given as follows [4].
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At any point a distance x from the beam end, the

expression for the bending moment can be given as:

ML, My 2
oo [ 22y
2 2

and
(M] - MZ) ”LZZ

e S - W

a
L22 2

We know
VA
mo= oer Y
dx

Differentiatina equation (B.3) twice with respect to x,
we get - ,
dén . Fe

+ —M = Y (1)
;;?‘ EIx

let Fl F ]

0w Lw o=y (3)
]
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The solution of the above differential equation is

M o= C Sinx/i + C,Cosx/i + Wi (4)

where C.l and C2 are constants of intearation and Sin x/j and
Cos x/j are the 1imits of an infinite series of variable x/j

when x = 0 M = M]

n

L M M

and X

22 2

.2 .2
M2 - W M] - ‘E—

1

therefore C]
S1nL22/J taanz/J

M, - 152 - (M, - 452) Cos L../3
. _ 2 1 22
ot C] = : :
Sin L22/J
, .2
and C2 = M] - 1j
let D, = My - u
and D, = M, - N'Z
2 2 J
D, - Dy Cos L,,/]
therefore M = 2 1 22 Sin x/i + D]Cos x/j + hﬁz
- Sin L22/j

To find the position of the maximum bending moment equation
(4) is differentiated and equated to zero.

C C

Moo cos x/j - -ZSinx/j o= 0
dx J J
c D, - D, Cos L,,/3
or tan x/j = fl' = 2 ! 22
2 D, Sin L

1 22/
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D, - D, Cos L,,/]
therefore  tan x/j = 2 ] 22

D] Sin L22/3
The value of x must fall within x = 0 and x = L22 otherwise
M] or M2 is the maximum bendina moment.

Let X is the noint of maximum bending moment.
_ D, - Dy Cos L,,/]
Then x = J ten 1 ( mggw_q~w«muugé_w )
D] Sin LZZ/J

and the maximum bending moment is

- D 2

" _
max2 Coﬂs"x;;'/—j— + W J

The following fiqure shows the bending moment diagram
of the portion AB of the pusher ram, showing the point of

maximum bending,

.\ La2 4
X _
P a)
G =
A ]
{
/ t MZ
]
/]
7 /]
M(M
Mmax2
B.M.Diagram.
/
/
[/ / /j/
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The followina figure shows the shear force diagram
of the pusher ram in the second critical position.  The

maximum shear force will occur at A and can be expressed as:

FSZ = Ra - (N3 + WLZ])

4
2
é /, e
Ay BY,
(/777777 7 7 77
: ﬂ‘RG v //4 Rb
/ 7
% S.F. Diagram. <,
//
bat | L2z d, Lozs
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CALCULATION OF MAXIMUM BENDING MOMENT
SHEAR FORCE AND DEFLECTION OF THE
PUSHER RAM IN THIRD CRITICAL POSITIOM
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Calculation of Maximum Bendina Moment Shear

Force and Deflection of the Pusher Ram

In Third Critical Position

Figure shown above is the loading conditon of the

pusher ram in the third critical nosition as described
earlier,

The force due to friction between the supnorting
shoe and the oven brickwork (F7) can be derived as follows:

Taking moments at point B we get

’ W(lgy + L32)2
- Ha(lgy +Lgp) - Wylgy + Rilgy - Fry, - ;
WL332
+ Fuy; + ——— =0
71 >
2
Mallgy + Lsp) Fo(y, - yy)  W(loy + Lo,)
or R =381 77820 Ly 72 TN T T 32
) L 4 L 2L



93

2
WL
+ 33

F

But R, = -—-
a

Ky

F Foly, = yy) Wo(loy + Los)
therefore A 772 ! = 3731 32 + W

~ K L L 4
4 32 32
2 2
W(L + Los) WL
N 31 7 -32 + 033
2Ly 23y
K,L W, (L +L,,)

or o= [ 4-32 1 3'\731 32 PR

7 Loy = Kelys = v7) L 4

32 - MW = Ny 3?2
2 2
W(L +L.,,) WL
+ 31 32 + 33
2L32 2L32
The bending moment at point A can be given as
WL g2 ]
My = MHglgy + Fuy, + X (1)
and bending moment at point B is
2
WL
_ 33

The following fiqure shows the free body diagram
of the portion AB of the pusher ram. The analysis for the
maximum bending moment will be exactly similar to that described

in Appendix - B,
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Wy
F7 My A | Fz
! M
Rq Rp e

Using the same notation used in Apnendix - B

and followina the same analysis [4] we get -

.2 .2 .
o . Tg.- Wic - (M] - Wj%) Cos L32/J

1 . )
Sin Lj,/]
and C. = M. - Wil
2 1o
_ ) 2 _ 2
Tet Dy = M, - 4] and D, = M, - Mj

The final equation of bending moment at any point
at a distance x from the left support can be given as:

Mx = — Sin x/j + D] Cos x/3 + Uj
Sin L32/j

The maximum bending moment will occur at a point,

X distance from the left support.

(D2 - D; Cos L32/j)

D] Sin L32/j

X = J tan™! [

The value of the maximum bending moment will be
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D
1 .2
M = —— + U
max3 Cos xm/j

If the value of X is not 0 < X < L32, then the

maximum bending momant is either M] or MZ'

The following figure shows the bending moment diagram

of the portion AB of the pusher ram.

Lza

Xm

iy

FION N §
N
N

/ Mmax3
/ B.M. Diagrgm.

/ , w

The following figure shows the shear force diagram
of the pusher ram in the third critical position. The maximum

shear force will occur at A and can be expressed as

Fs3 = Ra - (W3 + WL3])
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The deflection AL3 at point C is found by method of

superposition as was done in Appendix - A and Appendix - B.
Following the same analysis of Appendix - B, for

finding the deflection, we have

A = (Deflection a,' at C due to load W

L3 L 3
span AC as cantilever) - L3]e].

and W considering

6 = slope at point A
WpS ML ML
- 32 _ 1732 _ 32
24EIx 3EIx 6EIx
AL3 = A LT L3]e]
4 3
WL WL
A = 3, 373




therefore
4 3 3
PR I oF R Y SO
L3
SEI 3EL  20EL 3EL,  6EI,

substituting the value of M1 and M2 from equation (1) and

(2) and solving we get

4 3 3
s = ot M Maty | Mbads
L3 EI 8 3 24 3
X
Fayolsp  Hlgolsy NL332"32 Fo¥qts2
+ + + + ]

3 6 12 6
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APPENDIX - D

CALCULATION OF MAXIMUM SHEAR
AND BENDING STRESS .IH THE

PUSHER RAM

a8
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Calculation of Maximum Shear

)
i

and Bending Stress in the Pusher Ram

I A
Ay -

R

b

f ‘
V77 AR |
d, O 1 -

Y

Figure above sheows the cross-section of
the pusher ram beam with all necessary dimensions. The

area of cross-section is expressed as:

- 4t d

A= 2byt + Zta(a] - 2tb) b9

The moment of inertia about x-x can be civen as:

3 . 3 3
1 = byay _ (cy - 2t )(a; - 2t,) ; m(al*-th{_
12 12 6
3
dyt
17b a t 2
w2 = 4dat, (21 - Y )
3 1%b 5 5

and moment of inertia about y-y is
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3 3 3
. fJb] ) (ay - 2t )(cy - 2t,) (a; - 2t )m
y 12 12 b
3
t, d c
b1 1+ m 2
i IR I A )

Modulus of section about x-x is

The maxinum bending stress in the three

critical positions of the pusher ram will be,

M
= _max1
b1 Z
X
oo, = -Mmax2
b2 Z,
z ﬂ_ﬁi
b3 7

Following figure shows the shear stress
distribution of the pusher ram section. The maximum shear
stress will occur in the centre of the web plate. The

general equation for shear stress in any section is

McMASTER UNIVERSITY LIBRARY
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Y
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1
tq
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%
fa - - -4-X - - - — X
7
ta
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Where

T = Shear stress at a point in the section.

A = Area of the section above that point.

y = Distance between the centroid of arca above that
point and that point.

b0 = Least width of the section above that point.

FS = The maximum shear force in the beam.

I = Moment of inertia of the section about x-x.

The maximum shear stress will occur in the centre of the

web plate and it can be expressed as:



102

The maximum shear force in the three positions of the
pusher ram is Fs] s F52 and F53 in first, second and

third respectively.

Therefore the maxinum shear stress 1in

the pusher ram in three positions can be given as:

F a t a
_ sl 1 b o1 2
o= Ly - 20 - )+t - )" ]
F a t a
_ 82 1 b 1 2
752' T;E"[ tb(bl B 2d])(*" - ?"*) t 1 ("2 - tb) ]
F a t a
~ o S — - ....l- - _-_b__._ __-I_ - 2 ]
Cs3™ Tt Uty (by - 2d)) (5 7))t - ty)



APPENDIX - E

COMPOSITE COMPUTER PROGRAMIE
FOR THE OPTIMIZATION OF COKE
PUSHER RAM
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COMPOSTITE COMPUTER PROGRAMME FOR THE OPTIMIZATION OF COKE PUSHER

RA‘VIO

LR VYRR VI VA VA VR VAV VA VA VIR VAR A VAR VISR VA VI VIE VA VI VIR VR A VI VIV VAV N VAV VI VAR VA VIR VI VR VI YRR VANV IL AV R V)
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THE FOLLOWING PARAMETERS ARE THE INPUT TO THIS COMPOSITE
COMPUTER PROGRAMME FOR THE DETERMINATION OF OPTIMIZED
SECTION OF THE COKE PUSHER RAMe

THE FCOCLLOWING ARE THE PARAMETERS OF COKE OVEN PLANT NORMALLY
DETERMINED BY THE PROJECT DESIGNER AND MADE AVAILABLE TO THE
MACHINE DESIGNER.

A= LENGTH OF THE COKE OVEN FROM END TO END.

B= DISTANCE OF THE RAM HEAD FACE FROM THE END OF OVEN
BRICKWORK IN THE FORWARD MOST POSITION OF THE PUSHER RAMe

C= DISTANCE OF THE RAM HUAD FACE FROM THE END OF ThE OVERN
BRICKWORK IN THE INITIAL POSITION OF THE PUSHER RAM.

D= DISTANCE BETWEEN THE RAM HEAD FACE AND THE Cele OF THE
SUPPORTING SHOE.

E= DISTANCE BETWEEN THE CeLe OF FIRST AND SECOND
ROLLER SUPPORT,

F= DISTANCE BETWEEN THE CelLe OF SECOND AND THIRD SUPPORTS.

G= DISTANCE BETWEEN THE END OF OVEN BRICKWORK AND THE Celo
OF FIRST ROLLER SUPPORTS.

H= UStFuLL HeIGHT COF Trin COKE winw CHAnolice
T= TOTAL TRAVEL OF THE PUSHER RAM.
CL= TOTAL LENGTH OF THE PUSHER RAM WITH RAM HEAD.

Q= DISTANCE BETWEEN THE FRONT END OF THE RAM (WITHOUT RAM
HEAD) AND THE Cole OF THE SUPPORTING SHOE.

V= VOLUME OF COAL CHARGED IN THE OVEN (IN CUe FTele

WO= MINIMUM WIDTH OF THE OVEN.
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s%%% THE FOLLOWING PARAMETERS ARE OF THE RELATED ELEMENTS
DECIDED EARLIER BY THE MACHINE DESIGNER.
WR= WEIGHT PER UNIT LENGTH OF RACK AND GUIDE COMBINED.
W3= WEIGHT OF RAM HEAD.
W4= WEIGHT OF SHOE ASSEMBLY.
Vi= MEAN VELOCITY OF RAM.
Tl= TIME OF ACCELARATION IN ATTAINING MAXIMUM SPEED.

SD= DIAMETER OF THE RIVET.

Cl= DISTANCE BETWEEN THE PITCH LINE OF TOOTHED RACK AND
OUTSIDE SURFACE OF THE BOTTOM PLATE OF RA#s

C2= DISTANCE BETWEEN THE BOTTOM SURFACE OF THE RAM AND THE
BCTTOM SURFACE OF THE SUPPORTING SHOE.

WP= WIDTH OF THE TOOTHED RACK.

RT2= RISE IN TEMPERATURE OF THE RAM IN THE SECOND POSITION
B R R Ry o R R R R R O E

#3%%% THE FOLLOWING ARE THE PARAMETERS wHICH ARE TRUE FOR ALL
COKE OVEN PLANT.
ALPHA= COEFFICIENT OF LINEAR EXPANSION OF STRUCTURAL STEELe.
CE= MODULUS OF ELASTICITY OF STRUCTURAL STEEL.
ROS= DENSITY OF STRUCTURAL STEEL IN LBSe/CUBe INe
RO= DENSITY OF COAL CHARGE IN KIP/CUWFT.
ETA= COKE OUTPUT PER UNIT WEIGHT OF COAL CHARGED.

GR= ACCELARATION DUE TO GRAVITY.

CK1= COEFFICIENT OF FRICTION BETWEEN COKE AND THE OVEN

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C RT1= RISE IN TEMPERATURE OF THE RAM IN THE FIRST POSITION.
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C BRICKWORK



106

C CK2= (COEFFICIENT OF FRICTION BETWEEN THE SHOE AND OVEN SOLE.

C CK3= COEFFICIENT WHICH TAKES INTO ACCOUNT THE EFFECT OF

C FRICTION OF COKE WITH SIDE WALL OF THE OVEN.

C CKa= COEFFICIENT WHICH TAKES INTO ACCOUNT THE EFFECT OF

C EXCESSIVE FORCE CREATED DUE TO EXTRAORDINARY

C STICKINESS OF COKEw

C X HFHHH KA KRR H 3 H R KR KK H KKK R F R R F R H KR HHIEHK X R H% %

Cxxx%x DIMENSIONS OF THE RAM SECTION.

C SA= HEIGHT OF THE RAM SECTION.

C SB= WIDTH OF THE FLANGE OF THE RAM SECTION.

C STA= THICKNESS OF THE WEB PLATES

C S$TB= THICKNESS OF THE FLANGE PLATE.

C AREA= NET AREA OF CROSS—SECTION OF THE PUSHER RAM.
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C*%%% THE FOLLOWING PARAMETERS ARE CALCULATED IN THE
C PROGRAMME ITSELF.

Cx¥%%x SPAN LENGTHS OF THE PUSHER RAM IN DIFFERENT POSITIONS.

C ClLl= DISTANCE BETWEEN THE CeGe OF RAM HEAD ARD Cel.a OF FIRST
C ROLLER SUPPORT IN THE FIRST POSITION OF THE PUSHER kAN
C Clt2= DISTANCE BETWEEN THE Cels OF SHOE AND FIRST ROLLER

C SUPPORT OF THE RAM IN THE FIRST POSITION OF

C THE PUSHER RAM.

C ClL3= DISTANCE BETWEEN THE Ce.Le. OF FIRST AND THIRD SUPPORT

C IN THE FIRST POSITIUN OF THE PUSHER RAMe.

C Cilbl4= THE LENGTH GF THE TAIL OVERHANG OF THE RAM IN THE

C FIRST POSITION OF THE PUSHER RAM.

C C2L1= DISTANCE BETWEEN THL CeGs OF RAM HEAD AND Cela OF

C SHOE IN THE SECCOND POSITION OF THE PUSHER RAM,
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C2L2= DISTANCE BETWEEN THE Cele OF SHOE AND FIRST ROLLER

SUPPORT IN THE SECOND POSITION OF THE PUSHER RAMe

C2L3= THE LENGTH OF THE TAIL OVERHANG OF THE RAM IN THE
SECOND POSITION OF THE PUSHER RAM.

C3L1l= DISTANCE BETWEEN THE CeGe OF RAM HEAD AND Cele OF
THE SHOE IN THE THIKD POSITION OF THE PUSHER RAR.

C3L2= DISTANCE BETWEEN THE Celes OF SHOE AND THE FIRST
SUPPORT IN THE THIRO POSITION OF THE PUSHER RAM.

C3L3= THE LENGTH OF THE TAIL OVERHANG OF THE RAM IN THE
THIRD POSITION OF THE PUSHER RAM,

DIFFERENT FORCES ACTING ON THE PUSHER RAMe

Fl= FORCE OF INERTIA OF COKE MASSe.

F2= FRICTIONAL RESISTANCE DUE TO FRICTION BETWEEN COKE
AND OVEN BRICKWORK IN NORMAL CONDITION.

F3= TOTAL NURMAL FORCE OF RESISTANCE ACTING ON THE RAMIF1+FZ).

Fa= TOTAL MAXIMUM FORCE OF RESISTANCE ACTING ON THE RAM WITH
STICKER COKE 1IN THE FIRST CRITICAL POSITION.

F5= MAXIMUM AXIAL FORCE ACTING ON THE RAM IN THE SECONKD
CRITICAL POSITICNe

F6= NET MAXIMUM AXIAL FORCE ACTING ON RAM INCLUDING FRICTIONAL
FORCE DUE TO FRICTION BETWEEN SHOE AND SOLE OF OVEN IN THE
SECOND POSITION. (F5+FS)

F7= FRICTIONAL FORCE DUE TO FRICTION BETWEEN SHOE AND
OVEN SOLE IN THE THIRD POSITION OF THE PUSHER RAl.

FS2= FRICTIONAL FORCE DUE TO FRICTION BETWEEN SHOE AND
OVEN SOLE IN THE SECCND POSITION OF THE PUSHER RAMe

THE REST OF THE PARAMETERS CALCULATED IN THE PROGRAMME
15 GIVEN BELOW.

CLR= LENGTH OF THE RAM WITHOUT RAM HEAD.
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T2= TOTAL TRAVEL OF THE PUSHER RAM FROM INITIAL POSITION
TO THE SECOND POSITION.
Wl= WEIGHT PER UNIT LENGTH OF ONLY RAM SECTION.
W2= TOTAL WEIGHT OF COKE MASS.
W= WEIGHT PER UNIT LENGTH OF RAM INCLUDING RACK AND GUIDE.
SM= FLANGE EXTENSION BEYOND WEB PLATE.
SC= DISTANCE BETWEEN OUTSIDE SURFACE OF WEB PLATES.
WOA= MAXIMUM ALLOWED wIDTH OF THE RAM.
CS= CLEARANCE FOR SHOE FITTINGe.
SDl= DIAMETER OF THE RIVET HOLE.

Yi= DISTANCE BETWEEN THE CebLe OF RAM AND THE PITCH LINE
OF THE TOOTHED RACKe

Y2= DISTANCE BETWEEN THE CebLe OF THE RAM AND THE bASE
SURFACE OF THE SUPPORTING SHOE.

ZXx= NET MODULUS OF SECTION OF THE RAM AOUT X-AXISe
ZY= NET MCODULUS OF SECTION OF THE RAM ABOUT Y—-AXIS.
S1Y= NET M™MOMENT OF INERTIA COF THE RAM SECTION ABOGUT Y—AXISe
SIX= NET MOMENT OF INERTIA OF THE RAM SECTION ABOUT X-AXISe
Ci1XM= DISTANCE OF THE POINT OF MAXIMUM BENDING MOMENT

FRO THE LEFT SUPPORT IN THE FIRST POSITICN

OF THE PUSHER RAM.

CIMMAX= MAXImMUM BENDING MUMENT InN THE FIRST POSITION
OF THE PUSHER RAM.

C2MMAX= MAXIMUM4 BENDING MOMENT IN THE SECOND POSITION
OF THE PUSHER RAM.

C3MMAX= MAXIMUM BENDING MOMENT IN THE THIRD POSITION
OF THE PUSHER RAMs

S1IMAX= MAXIMUM COMPRESSIVE STRESS IN THE FIRST POSITION
OF THE PUSHER RAMe

S2MAX= MAXIMUM COMPRESSIVE STRESS IN THE SECOND POSITION
OF THE PUSHER RAM.
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S3MAX= MAXIMUM COMPRESSIVE AND TENSILE STRESS IN THE
THIRD POSITION OF THE PUSHER RAMe

<
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DIMENSION XSEEK({10) s XAPPROX(10) o XFINAL(10)sZ(10)sJJ(10)sJ(1C)+XA(1
10) o XB(10O) s XS(10)sYZ(10)

N

© COMMON/ZAL/AsBsCoDosEsFsGaHsTsCLIQIVIWOsWRsW3aWhsVIsTIsSDClsC243WPsR
1T1sRT2

THE STARTING VALUE FOR OPTIMIZATION OF RAM SECTION SHOULD BE
SELECTED BY THE MACHINE DESIGNER.

N0 N

SA=25.0
SB=1245
STB=U.82
STA=C0.27

THE FOLLOWING DATA 1S TO BE SUPPLIED BY THE PROJECT DESIGNER,

[aNeNa!

DATA AsbsColDslEsFeGoHsTsClLsQsVan0/5623109696403130e924446919763235%
1915737354394 Ua9]114e3760Ue3154/

DATA WR,W39WQ9V1,TI,SD,cl9C2,WP9RT1sRT2/O.019295.092.0,85},0.5,0.8
112533¢0939¢4312659763306/

WRITE(635)

5 FORMATCIHUS/ /7 922X s ¥RESULTS OF THE OPTIMIZATION OF COKE PUSHER RAm

1 BY DIRECT SEARCH AND SUCCESSIVE LINEAR%./s83Xs#APPROXIMATION TECH
ZNIQUE e*s///7 )

CALL SEEK(SAsSBsSTASSTBIXSEsU)

USEEK=U
DO 20 1=1s4
20 XSEEK(I)1=XS5(1)

KCALL APPROX(35AsSBsSTASSTBsYZsUR)

UAPPROX=UR
XAPPRCX(1)=YZ(1)
XAPPROX(21=YZ(2)
XAPPROX(3)=YZ(3)
XAPPROX(4)=YZ{4)
IF{USEEKLTUAPPROX) GO TO 15
WRITE(64s1U5)

105 FORMAT (IHUs1UXs*DIRECT SEARCH METHOD FAILED TO PRODUCE BETTER RESU
1LT THAN SUCCESSIVE LINEAR APPROXIMATION®s//s11Xs%THE RESULT FROM D
2IRECT SEARCH METHOD 1S-%,/)

DO 19 1=1s4
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19

85

25

15
100

29

95

35

110

ROUNDING OFF THE VARIABLES IN MULTIPLE OF 1716 INCH.

Z{I)=XSEEK(])*16.

JJIy=21(1)

JUI)Y=JJ(1)+1

Xg(ry=JI(1)

XBUI)=XB(1)/16.0

CONTINUE

SA=XB(1)

SB=XB(2)

STA=XB{(3)

STB=Xb{4)

U2 ¥STB#*SB+2e ¥ (SA=2e*¥STB) #¥STA-4 4 %¥5TB*SD% 142
WRITE(64+110) U

WRITE(6s115) SA-SBsSTBsSTA

WRITE(6+85)

FORMAT{1HUs3UXs*RESULTS FROM THE SUCCESSIVE LINEAR APPROXIMATION T

TECHNIQUE %5/ s5UXs*WHICH 15 THE OPTIMUM*s//)

DO 25 I=1s4

XFINAL(T)=XAPPROX(I)

GO 1O 37

WRITE(649100)

FORMAT(1HuUs 10X s *SUCCESSIVE LINEAR APPROXIMATION METHOD FAILED 7O P

1RODUCE BETTER RESULT THAN DIRECT SEARCH*s//4s11Xs*THE RESULT FROM §
2UCCESSIVE LINEAR APPROXIVMATION METHOD 15=%,/)

ROUNDING OFF THE VARIABLES IN SMULTIPLE OF 1716 INCH,

DO 29 I=1s4

Z{I)1=XAPPROX(I)*16.

JJlr=z2(1)

J=dull)+1

XA(I)y=01(1)

XA(LIY=XA(1)/16.

CONTINUE

SA=XAL{1)

SB8=XA(2)

STA=XA(3)

STB=XA(4)

Uz=2e %STB*SB4+2e ¥ (SA-2e¥STB)#STA-4 4 ¥STB*SD* 1,2
WRITE(65110) U

WRITE(62115) SAsSBsSTBsSTA

WRITE(64295)

FORMAT(1HUs3UX s *RESULTS FROM THE DIRECT SEARCH TECHNIGUE s¥*s/sabXe¥

IWHICH IS THE OPTIMUM¥,s//)

DO 35 I=1s4
XFINAL(T)=XSEEK(I)

ROUNDING OFF THE VARIABLES IN MULTIPLE OF 1,16 INCH.
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37 DO 75 1=ls4
Z(I)=XFINAL(I)*16.
JJCINV=2(1)
JUI)=JU(1)+1
XFINAL(I)=J(1)
XFINAL (1)=XFINAL(1)/16.
75 CONTINUE
SA=XFINAL (1)
SB=XFINAL (2)
STA=XFINAL(3)
STB=XFINAL (&)
Uz2 e ¥STB®SB+2¢ % (SA=2e%STB)*STA=4 o ¥STB*SD% 14 2
45 WRITE(6355) U
55 FORMAT(1HUs1uXs*THE OPTIMUM CKOSS-SECTIONAL AREA OF THE PUSHEIR RAM
1 IN SQe INCH =%sF844)
WRITE(63565) SAsSBsSTBsSTA
65 FORMAT(lHU9le9*OPTIMUN DIMENSIONS OF THE RAM SECTIONe®s//911Xs%HE

1TGHT IN INCHE =X sFBebs /s 11X *WIDTH IN INCHES =%
2F 8. 4a/9llX9‘FLANGE THICKNESS IN INCH =%sFBeb4s/s1l1Xe*WEB THICLNESS
3IN INCH =XsFB8e4)

110 FORMAT({1IHUs1UXs*THE CROSS-SECTIONAL AREA OF THE PUSHER RAM IN SUe

1INCH :-\’:.9F8.4)
115 FORMAT(1HUs1uXs*DIMENSIONS OF THE RAM SECTIONe*s//s11Xs*¥HEIGHT InN

TINCHES =% 9FBels /s 11X X*A4IDTH IN INCHES =¥ 4F8elby/s]
21Xy *FLANGE THICKNESS IN INCH =%4F8ab4s/s11Xe*WER THICKNESS I InCH
3 =%sF8Belts///////)

STOP

END
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SUBROUTINE SEEK(SAsSBsSTAsSTBYXSsU)

DIRECT SEARCH OPTIMIZATION TECHNIQUE

112

DIMENSION XS(10) s XSTRT(10)sPHI(20) s XLAM10) 3DX(10)YsX0(10)sDXS(10:

1IXN(10)
XSTRT(1)=8A
XSTRT(2)=58
XSTRT(3})=STA
XSTRT(4)=5T1B
DX(1)=0.2
DX(2)=0.1
DX(3)=0.1
DX(4)=0.1

M=4

N=10

IFENCE= 1
1CT=6

EPS = 1.0E-8
LEVEL = 1
G5=3.0

PDO=0.3

CPL=1.75

IPRINT=0
MAXM

== 50
PARAMETERS=

LEVEL= INDEX FOR USER'S LEVELS
LEVEL=v FOR UNSCPHISTICATED JSER.
LEVEL=1 FOR SOPHISTICATEYD USER

IPRINT= PRINTING INDEX
IPRINT=J PRINT EVERY J STEP.

M= NUMBER OF INDEPENDENT VARITABLES.
N= NUMBER OF CONSTRAINTS.
MAXM= MAXIMUM NUMBER OF COMPLETE MOVES ALLOWED

XLAM(T)=  STEP SIZE MULTIPLIER FOR EACH VARITABLES
SOPHISTICATED USER.

IN THE SEARCHs

{(I=1-M)sFOR

Co= STEP SIZE MULTIPLIER s FOR UNSCPHISTICATED USERe.

PD= PATTERKN MOVE COEFFICIENTS.

PL= MULTIPLIER FOR PATTERN MOVE COEFFICIENT.
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XSTRT(1)= STARTING VALUE FOR EACH VARIABLEs(I=1sM) EACH IS SET
EQUAL TO 1eE—-6 FOR UNSOPHISTICATED USER.
XS(l}= THE OPTIMUM OUTPUT VALUE FOK EACH VARIABLE, (I=1si)
U= OPTIMUM OUTPUT VALJE OF THE OPTIMIZATION FUNCTION.
KO= RESULT INDICATORS
KO=0 ACCEPTABLE RESULT
KO=1 OPTIMUM IS NUT FOUND In MAXM CYCLESS
OPTIMF= ARTIFICIAL OPTIMIZATION SUBROUTINE CALLED.
INITIALIZESSET STARTING CONDITION
DO 100 1 = 1sM
XLAM(T) = GS
100 CONTINUE
KT = 0
KO =
Ip = 0
NSEAR=C
PD = PDO
DO 2 I=1sM
XS(1) = XSTRT(I)

XO(I)=Xs(1)
DXS(1)=DX(1)

CONTINUE

61 CALL COPTIMF(XSsUsPHIsMsN)
UF=U
us=u

60 I=1

SEARCH IN ONE DIRECTION AT THE TIME
XSE1)=XS{I)+DX(I)
CALL OPTIMF(XSsUsPHIsMsN)
IF(UeLTWUS) GO TO 4
XS{I)=Xo(I)—~2e%DX{1I)
CALL CPTIMFIXSsUsPHI sMsiN)
IF{U.LTWUS)Y GO T0O 5
XS{I)=XS{I)1+DX(1)

62 IF(I+EQeM) GO TO 6
I=I+1
GO TO 3
SUCCESSFULL IN MOVING TO POSITIVE DIRECTION
INCREASE STEPSIZE
CONTINUE
us=u
DX(I)=DX{1)y*XLAMUT)
XS{1)=XS(I)+DX(1)
CALL COPTIMF(XSsUsPHIsMsN)
IF(UelLToUS) GO TO 4
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RETURN TO LAST POSITION DUE TO FAILURE
XS{I)=X5(1)~-DX(1)

SET STEP LENGTH EGQUAL TO ITS ORIGINAL VALUE
DX{I¥=DXS(I)

IF(IFENCES.EQeU) GO TO 3

GO TO 63

SUCCESSFULL IN MOVING IN NEGATIVE DIRECTION

CONTINUE
DX(I1=-DX (1)
GO TO 4
CONTINUE

TEST TO SEE 1F ANY VARIABLE HAS BEEN CHANGED

CALL OPTIMF(X5sUsPHI»MsN)

TEST=ABL( (U=-UF ) /UF)

IF{(UsLEsleuE=-20 ) TEST=U
IF(TESTWLESEPSeANDKT&LTLICT) GO TO 7

IF (TEST «LTe EPS +ANDe KT «GE. ICT) GO TO 30

GO T0O 8

DECREASE THE STEP SIZES BY A FACTOR OF 10.

DO 18 I = 1sM

DX{(1) = DX(I11/71C.0
DXS(1) = DX(I)

KT = KT + 1

GO T0 61

CONTINUE

FIRST STEP OF PATTERN MOVE

us=u

PD=PDO

DO 42 1=1sM
XN{I)=XS(1)
CONTINUE
CONTINUE

MAKE A PATTERN “OVE

DO 9 I = 1M
XN(IY =  XNCI) + (XS(I) - XO(I})) % PD
CONTINUE

CALL OPTIMF(XSsUsPHIsMsN)
IF (U «LTWUS) GO TO 14
CONTINUE
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11
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CHECK IF THt LAST MOVE WAS IN THE PCSITIVE OR NEGATIVE DIRECTION
IF (PDelLTelUe) GO TO 13
RETURN TO LAST POSITION DUE TO FAILURE

DO 40 I=1sM
XNCTIT=XN(T) = (XS(T ) ~XC(I))*PD
CONTINUE

PD = -PDO

GO 70O 15

CONTINUE

DO 16 1 =1sM
XS{I}=XN(I}—(XS{I)=XO{I)}*PD
XO(I) =XS(I)

Uur = US

NSEAR=NSEAR+]1

IF (NSEARGT «MAXM) GO TO 20

1P = IP + 1
IF (IPRINT +EQ. 0) GO TO 61
1T =  (IP/IPRINT)®IPRINT

IF (IT «EQe IP) WRITE (6522) IPsUFs{1sX5(1)y I = 1.M)
FORMAT (1HUsOH6HEND OF 513525 CYCLESs VALUE OF OBJECT FUNCTION =,
1 E16¢8/25X918HVALUE OF VARIABLES/(3H X(s1392H)=3E16e8s4H X(»13acH

2)=3E164894H X(913s2H)=3E16834H X{sI392H)=sE1648))

GO 70 61

FURTHER PATTERN MOVES IN THE SAME DIRECTION

CONTINUE

PD = PD * PL

DO 11 I = 1M

XN{I) = XN(I) 4 (XS(I) - XO(I)) % PD
CONTINUE

us = U

CALL OPTIMF(XSsUsPHI M)
IF (U +LT«US) GO TO 14

RETURN TO LAST POSITION DUE TO FAILURE

DO 41 T1=1sM
XNLIDY=XNIT)Y - (XS{T)=X0O(1))*PD
CONTINUE
PD=PDO
GO TO 15
CONTINUE
WRITE(6933) MAXM
FORMAT (1IH s 29H CPTINMUM CANNOT BE FOUND IN sI13s7H CYCLES)
KO = 1
GO TO 10600
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SENSITIVITY ANALYSIS PERFURMED FROM HERE TO LOCATE A BETTER OPTIWMUM
POINT.

30 UsS=U.
DELX=0.001
55 DO 28 1=1s4
28 XS{I)=XS5(I)-DELX
CALL OPTIMF(XSsUsPHIsMsN)
IF(U.GTUS) GO TO 29
us=u
GO TO 55
29 DO 44 I=1s4
44 XS{I)y=XS{1)1+DELX
CALL OPTIMF({XSsUsPHIsMsN)
45 US=U
X5{1)=X5(1)-DELX
CALL CPTIMF{XSsUsPHIIMsN)
ITF{U.LT.US) GO TO 45
XS(1)=XS(1)+DELX
CALL OPTINMF{XSsUsPHIsMsN)
46 US=U
XS(2)=X5(2)-DELX
CALL OPTIMF({XSsUsPHIsMsN)
IF(UsLTWUS) GO TO 46
XS5(2)=X5(2)+DELX
CALL OPTIMF(XSsUsPHIMsN)
47 UsS=U
X5(3)=X5(3)-DELX
CALL OPTIRMF{XSaUsPHIsMN)
IF(UsLTWUS) GO TO 47
X5(3)=XS5(3)+DELX
CALL OPTIMFIXSsUsPHIsMsN)
48 US=U
XS5(4)=X5(4)-DELX
CALL OPTIMF (XSsUsPHIsMaN)
IF(ULLTWSUS)Y GO TO 48
XS4)y=XS5(4)+DELX
CALL OPTIMF({XSsUsPHIsMsN)
1000 RETURN
END
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SUBROUTINE OPTIMF(XSsUsPHIsMsN)
THIS SUBROUTINE DOES ALL NECESSARY DESIGHN CALCULATION.

DIMENSION XS(10U) s XSTRT{1UYsPHI(20) s XLAM(10)sDX(10)sX0(10)sDXS(10) s
IXNELIU)

COMIMON/AL/AsBsCsDsEsFaGsHsToaCLsQsVIWOsWRsW3 sWLsV1IeTIsSDIClsC2sWPR
1T1sRT2

THE FOLLOWING DATA IS UNIVERSAL CONSTANTS OR FIXED PARAMETERS
FOR ALL COKE OVEMN PLANTS.

DATA ROSETASGRsCK1sCK29CK33sCK49ROSsCEsALPHA/0e053500675332¢30e755Ce5
191.392.090028493000009000000061/

SA=XS5(1)
SB=X5(2)
STA=XS(3)
STB=XS5(4)

CALCULATION OF THE SPANS OF THE PUSHER RAM IN THE FIRST POSITION

T2=0e9%T
CLR=CL~(D-Q)
ClL1=CG+Q

ClL2=6

ClL3=E+F
ClL4=CLR-(C1L1+C1L3)

CALCULATION OF THE SPANS OF THE PUSHER RAM IN THE SECOND POSITION.

C2L1=Q
C2L2=G-(D+C)+T2
C2L3=CLR-(C2L1+C2L2)

CALCULATION OF THE SPANS OF THE PUSHER RAM IN THE THIRD PCOSITION.

C3L1=Q
C3L2=G=(D+C)+T
C3L3=CLR-(C3L1+C3L2)

CALCULATION OF AXIAL FORCES.

W2=V*RO*ETA
F1=(W2xV1)/(6U*¥TI*GR)
F2=W2*xCK1#CK3

F3=F1+F2

F4=F1+CK4*F2

F5=Ue6%F2
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CALCULATION OF THE AREA OF CROSS-SECTIONs MOMENT OF INEXRTIA AND
MODULUS OF SECTION OF THE PUSHER RAM,

SM=3e5%5D

SD1=1.2%5D

SC=5B-2%*5M

AREAZZ2 4 *SB#*5TB+2e ¥ (SA=2e¥STB ) ¥STA~L4 e ¥S5TEXSD1
SIX=0B%OA%*%3/124=(0C—24*¥STA)F(SA-2¢*¥STB)*%3/12¢=SM¥(SA-24%5TH)*¥3/
16e-SDIH*STB*¥ 3/ 3444 *¥5D1*%¥STBX(0A/24-5TB/ 204 )%%2
SIY=SA*SB**3/12¢~(SA=24%¥STB)*(SC-2e¥STA)X%3 /126~ (SA-24%5TB) *SM®*3/
16e—STBXSDLI*¥3/3 44 ¢ ¥STB¥OD1IH*{SC/ 24451/ 24 ) %%

LIX=2e#STX/SA

LY=2.%51Y/58

CALCULATION OF THE SELF WEIGHT OF THE PUSHER RAM ORNLYe

W1=ROS*¥AREA/1UUU,
W=l ] +WR

CALCULATION OF THE MAXIMUM BENDING MOMENT IN THE PUSHER RAm IN
THE FIRST POSITICNe

Y1=C1+SA/Z
CIM2=wWxC1LL*%2/2,
DEL1=((3,%CL*SIX) /(24 %CEXSIX=F4*CI1L3*¥CIL1) ) ((WXCIL1%%4) /(€ e*CEXS]
1X)+(W3%CIL1%%3) /(3o ¥CEXSTX) +ub* (34 %CIL2%¥C1L1~CIL2%%3) /(64 ¥CEXSIX) )
2= ((W*CIL3¥%2%C1L1) /(244 ¥CEXSTX) = (C1ri2¥C1L3*CLL1) /(6 ¥CEX¥SIX)=( (C1L
33%C1L1) /(3o *CEXSTX) I ¥ (W3%¥CIL1+wa*C1L 24WHCIL1%%2/20—F4%Y1))
CIM1=W3%CIL1+WA¥CIL24+W*CI1L1*%2/ 24 ~F4*Y1+F4%*DEL]
C1XM=ClL3/2e+(CIM1I~C1M2)/(W*C1L3)
CIMMAX=W*C1L3%¥CLXM/2 e =WHCIXM* %2/ 24=C1lm2~(CIML=C1M2) % (C1L3=C1Xi)
CIMMAX=C1M]

SIMAX=F4/AREA+CLIAMAX/Z X+ALPHA*CE*RT1

CALCULATION OF MAXIMUM BENDING MOMENT AND COMPRESSIVE STRESS FOR T
SECOND POSITION OF THE PUSHER RAM.

Y2=C2+SA/2
FS2=(CK2/{C2L2-CK2*¥(Y2=Y1) ) )% (A3%(C2L1+C2L2 ) +W&*xC2L2+wh (2L 1+C2L2)
1%%2/2 e =WHC2L3%XX2/2¢~F5%Y])

F6=F5+F52

C2M2=WxC2L3%%2/24+F6%Y1

DEL2=( (3¢ *CL*OSIXI/ (B e#CEXSIX-FE#C2L2%C2L1 ) ) # (WHC2L1%%4/ (B8 *CE*SIX)
14W3*C2L1%%3/ (34 ¥CEXSIX) —w*C2L2%*3%C2L1/ (244 #CE*STIX)+C2M2%C2L2%C2L 1
2766 *CEXSIX)+(C2L2%C2L 1/ (34 *CEXSIX) ) ¥ (W3#C2L1+WHC2L1%%#2/2e+FS2%Y2)
3)

CZ2MI=W3XC2L1+WxC2L1%%2/24 +FS2%Y2+F5*DELZ

CJ=SQRTI(CE*SIX/F6)

Dl=C2Ml-w*CJ%%2

D2=C2M2—-wWxCJ**x2
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C2XM=CU¥ATAN((D2~D1*COS(C2L2/CJ))/DLI*SIN(C2L2/CJ))
C2MMAX=D1/COS{C2XM/CI) +uxCI**2

S2=ALPHA*CE*KTZ

FT2=52%AREA

IF(FTZ2«GTeF6) GO TO 5

STEMZ2=82

GO 70O 7

STEM2=F6/AREA

SZ2MAX=C2MMAX /ZX+F6/AREA+STEMZ

CALCULATION OF MAXIMUM BENDING MOMENT AND STRESS IN THE THIRD
POSITION OF THE PUSHER RAw.

FT=(W3%(C3L1+C3L2) /C3L2+Wa+w* (C3L1+C3L2)#%#2 /(24 %C3L2)+WHC3L3%¥%2/(2
1e¥C3L2) ) # (CK2#*C3L2/(C3L2-CK2F%(Y2-Y1)}))
C3MI=W3*C3LI+FTHY24+WkC3L1*%2/ 2,

C3M2=WxC3L3%%2/2«+F7T%*Y1

CJ1=SQRT(CE*SIX/FT)

D11=C3M1-W*CJl®x2

D22=C3M2-wW#CJlxx2
C3XM=CJILI*ATAN((D22-D11I*COS(C3L2/CJILY)/DLILI*STNIC3L2/CIL))
C3MMAX=D11/COSTC3XM/CUL ) +WHCILnx2

IF(FT12.GTF7) GO TO 25

STEM3=52

GO TO 27

STEM3=F7/AREA

S3MAX=C3MMAX/ZX+FT/AREA+STEMS

CALCULATION OF MAXIMUM SHEAR FORCE AND SHEAR STRESS Iiv THE weg
PLATE OF THE RAM SECTION.

RA=(1./C1IL3)#(W3X(CILI+CIL3)+Wa* (CLIL24CIL3 ) +w* (C1L1I+CIL3)®#2/2 ¢~
1CIL4*%2/2 6~ 4%Y])

ASHF=W3+W4+W*C1L1

RSHF =RA~ASHF

SHF=RSHF
IF(ASHF « GTeRSHF ) SHF=ASHF

SHS=(OHF/ (SIX*¥STA) )% {STEX(S5B-2e%#5D1) % (SA/2e~5TB/2e ) +S5STA¥(SA/24-5STE

1)#%2)

WOA=U,.88%W0
CS=H/5.

PHI(1)=1245-51MAX
PHI(2)=1245-52MAX
PHI(3)=12¢5-53MAX
PHI(4)=54uU-SHS
PHI(5)=58-WP
PHI{(6)=W0OA~-58
PHI(7)=(H/3.-CS)~=SA/2.
PHI(8)=5TB-5D
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PHI(9)=STA-518B/3.
PHI(10)=2.u-DEL1
Uz2 e #¥5TO*5B+2e % (SA=2¢#STB)I*S5TA-4%5TB*50]
DO 250 I=1sN
250 IF(PHI(I1)eGE4UL00001) PHI(I)=049

DO 255 I=1sN

255 U=U+ABS(PHI(1))*1.E+20

60 RETURN
END
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* % SUBROUTINE APPROX(SAsSBsSTASTBsZsUR)

“_

OPTIMIZATION TECHNIQUE USING SUCCESSIVE LINFAR APPROXIMATION,

DIMENSION Z(20) s STEPX{20)sX(40)sS(40)sDELX(20)sA(40+40)9B8(40),
1BBl4G) s Cl4U) o TT(40)sITT{40)sVI20)sXUP(20)eXL0(20)sPST(20)

NUM s NUMR
NEQ
K

NMAX

INDEXI
TES

M
Z(1)sX(1)

BB(1)Y-B(I)

STEPX(I)
NCYCLE
UR
A(IsJ)
CHS

PHI

NUMBER OF EQUALITY CONSTRAINTS
NUMBER OF INEQUALITY CONSTRAINTS.
NUMBER OF REAL VARIABLES.

MAXTIMUM ALLOWED NUMBER OF ITERATIONS IN A
SIMPLEX CYCLE.

INDICATOR FOR PHASE I OR I1 OF THE SIMPLEX CYCLE.
CRITERION FOR CPTIMUM.

TOTAL NUMBER OF CONSTRAINTS FOR THE SIMLEX SOLUTION
VARTABLE NAME.

CONTROLLED STEP SIZE FOR THE VARIABLES DURING
SIMPLEX OFERATION.

A SMALL INCREMENT FOR EACH VARIABLE.
COUNTER FOR THE NUMBER OF SIMPLEX CYCLE.
REAL OPTIMUM VALUES.

SIMPLEX MATRIX.

CO~EFFICIENTS IN THE OBJECTIVE FUNCTION.

INEQUALITY CONSTRAINT FUNCTICN.

READ IN AND STORE THE PROBLEM VARIABLES In COMPUTOR MEMORY

READ(5+200)
TES=0.00001

I MM=2%K

IM=ITMM+NEQ

IN=IM+IMM
M=TIM+NUM

@ Z{1}=5A

KesNUMsNEQs NMAX s INDEXI
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2(2)=58B

Z(3)=5TA

Z(4)=57T8

READ(5+203) (BB(I)sy I=1s1MM)
READ(5s205) (STEPXK(I)s 1I=1sK)

TRANSFER INITIAL VALUES FROM STORAGE TO WORKING LOCATIONS

DO 5 I=1sM
TTI (I =IMM+I
NCYCLE=C
N=IN+NUM
MM=TMM
NUMR=NUM
INDEX=INDEXI
DO 2 I=1sM
IT(Iy=111(1)

SET UP THE MATRIX FOR LINEAR APPROXIMATION
CALL MATRIX(ASBsBBsZsSTEPX»CaNJMRINIMsMMeXsSs T 9K NEQ)
CALCULATE INITIAL OPTIMUM VALUE

CALL REALU(URSZsUI)
NCYCLE=NCYCLE+]

START LINEAR APPROXIMATION ROUTINE

SIMPLEX OPERATION
CALL SIMPLE(AsBsCsNUMRyNsiiaMMs INDEXs XoeNMAXSTI8S)

CALCULATE NEW VALUES FOR BASIC VARIABLES

DO 31 I=1sK
ZADY=2(1)+X(2%]=1)=-X(2%1])
DELX{I)=X(2%]-1}-X{2%])
CONTINUE

CHECK FOR FINAL OPTIMUM VALUE

CALL REALU(URSZsUP)

CALL CONST(PSIsZ)
IF(ABS(UI-UP)4LTLTES) GO TO 1000
GO 10 1

CONTINUE

FORMATI(EL3)

FORMAT(8Fluasb)

FORMAT(8F1065)

RETURN

END
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SUBROUTINE MATRIX(AsBIBBsZsSTEPXsCeNUMRINsMsMMMsX9S5s 119K sNEQ)

DIMENSION Z{(20)sSTEPX(20)sX(40)sPSI(20)9sPHI(50)sPSIN(20)sPHIN(20) s
1AC4040)sB(4U) sBB(40)sCl40)511(40),55(40)

SET UP INCREMENTS AND THE MATRIX
SET UP COEFFICIENTS OF OBJECTIVE FUNCTION

DO 5 1=1sM
DO 5 J=1sN

5 A(lsJ)=0.0
CALL REALU(Us Zs UK)
IF(NUMR«MEsU) CALL CONST(PSIs £4)
CALL ENEG(PHISZ)
DO 10 I=1sK
Z(I)=Z(I)Y+STEPX(I)
CALL REALU(CUNS$ZsUK)
1J=2%1-1
S{IJ)={UN-U)/STEPX(T)
S(IJ+1)y==5(1J)
IF{NUMReNE«U) CALL CONST(PSINsZ)
CALL ENEQ(PHINsZ)
DO 9 J=1sNEQ
JI=J+MM
Al(JIsTJ)=—=(PHIN(J)=PHI(J))I/STEPX(I)
AlJT s 1J+1)=-A(J1s1J)

9 CONTINUE
IF(NUMRCEQsv) GO TO 11
DC 6 J=1sNUMR
JI=J+MM+NEQ
A(JT s T UI=(PSIN(II=PSTI(J))/STEPX(I])
Al(JI«1U+1)=—-A(J141J)

6 CONTINUE

11 CONTINUE
Z1)=2(1)=-STEPX(1)

10 CONTINUE

SET UP EQUATIONS FOR UPPER AND LOWER LIMITS

MMK=MM~1

J=0

DO 12 1=1sMMKs2

J=J+1

JJ=2%J-1

Al(TlsJJ)=1.0

A{I+1sJJ)1=-1.0

A(I+1sJJ+1)=1e0
12 AlTsJd+1¥=-1au
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SET UP B(I)

DO 20 I=1sMM
B(i)=88B{(1)

MP=MM+1

MEQ=MM+NEQ

DO 19 I=MPsMEQ

J=1~-MM
IF(ABS(PHI(J))eLE«0sCO1) PHI(J)=040
B(I)=PHI{J)
IF(NUMREQsV) GO TO 16
MEQI=MEQ+1

DO 21 I=MEQIsM

J=I-MEQ

B(I)==pPSI(J)

CONTINUE

SET UP SLACK VARIABLES

DO 22 I=1sM
DO 15 J=MPsN
S(J)=0,.0
All9J)=040
MI=MM+1

CHECK FOR NEGATIVE VALUES OF b AND REARRANGE
A{IsMI)=140

CALL ORDER(AsBsNUMRsNsMsMrlsKsI1)

SET INITIAL FEASIBLE BASIS

DO 30 I=1sMM
X{1}=040

DO 35 1=1sM
MMI=MM+1
X(MMI)=B(I)
RETURN

END

IF

124

NECESSARY
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SUBROUTINE REALU{UsXsUR)

DIMENSION X{2C)sPSI(20)
COMMON/AL/AsEB sCsDosEgFaGoHs TosCL Qs VIWOIWRIWI 9wl sV1IsTIsSDsClsC24wPsRR

1T1sRT2

UR=2¢#*X (4 )X (2) 42 ¥ (X{L) =2 %X {4))%X(3)=4a*X(4)%]42%SD
U=UR

RETURN

END

SUBROUTINE CONST(PSIeX)

DIMENSION X({2U}s PSI(20)
PSI(1)=0U.0

RETURN

END
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SUBROUTINE ENEQ(PHI #X)

THIS SUBROUTINE DOES ALL NECESSARY DESIGN CALCULATION.

DIMENSION X(20})y PHI(20}
COMMON/ZAL/AsBsCsDosEsF sGoHsTsCLIQIVIWOIWRIWIaWLsVIsTIISDsClesC244WPsR

171sRT2

THE FOLLOWING DATA IS UNIVERSAL CONSTANTS OR FIXED PARAMETERS
FOR ALL COKE OVEN PLANTS.

DATA ROsETASGRICKLI sCK23CK39CKGsROSsCEIALPHA/De 0535067533230 e¢7550e5
1’1¢39200S0;284930UUU03000000061/

SA=X(1)
SB=X(2)
STA=X(3)
STB=X{4)

CALCULATION OF THE SPANS UF THE PUSHER RAM IN THE FIRST PUSITION

T2=Ue9%T7
CLR=CL-(D=-Q}
ClLl=G+Q

C1L2=G

ClL3=E+F
ClL4=CLR-{CILI+C1IL3)

CALCULATION OF THE SPANS OF THE PUSHER RAM IN THE SECOND POSITION

c2L1=Q
C2L2=G-{(D+C)+T2
C2L3=CLR~-(C2L1+C2L2)

CALCULATION OF THE SPANS OF THE PUSHER RAM IN THE THIRD POSITION.

C3L1=Q
C3L2=G-{D+C)+T
C3L3=CLR-(C3L1+C3L2)

CALCULATION OF AXIAL FORCES.

W2=V*RO*ETA
Fl=(W2*¥V1)/(6U*TI*GR)

CF2=W2#CK1*CK3

F3=F1+F2
F4=F1+CKL*F2
F5=046%F2

CALCULATION OF THE AREA OF CROSS-SECTIONs MOMENT OF INERTIA AND
MODULUS OF SECTION OF THE PUSHER RAM.
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SM=3¢5%5D

SD1=12%5D *

SC=5B-2¢%SM

AREA=2 % SB¥STB+2 4 ¥ (SA-24%STB)¥S5TA-4e*¥5TB%S0D]

SIX=SB#SAR®3/ 124~ (SC—2e%¥STA) ¥ (SA-2e%STBI*#3 /124 ~SM*¥(SA-24%#S5TB)*%3/
166 =SD1*S5TB*¥%3/3 ¢ =4 e¥SD1IXSTBX(OA/24=5TB/24)%%2
SIY=SA%5B%%3/12¢=(5A-2e%*¥STBI*#(SC-2e¥STA)*#3 /12— (SA=2+%5TB) *SM*x*3/
16 =STB*SD1#*%3/34-4%S5TB¥SO1¥(5C/2e+5M/ 2} %%2

LX=2+%5IX/5A

LY=24%51Y/58

CALCULATION OF THE SELF WEIGHT OF THE PUSHER RAM ONLY.

W1=ROS*¥AREA/1JUC,.
W=W1l+WR

CALCULATION OF THE MAXIMUNM BENDING MOMENT IN THE PUSHER RAM IN
THE FIRST POSITION.

Y1=C1+SA/2.
CIM2=wHC1LAL*%2/2,
DELI=((3eRCE#SIX) /(3¢ *CEXSIX~FA*¥CIL3%CILI) ) #( (WXCLL1%¥%4)/ (6o %¥CEXS]
IX) 4+ (W3 HCILLI%%3) /(B *¥CEXSTIX I +W4* (3¢ #CIL2¥CIL1-CIL2%%3) /{64 #CEXSIX) )
2= (W*CIUBH*¥3¥CIL1) /(24 e ¥CE*¥SIXI=(CLM2¥CLL3%¥CIL1)/ (6« ¥CEXSIX )~ (C1lL
33%CIL1) /(3 ¥CEXSIX) )% (WL 1L 1+wWARCIL2+WHCLL1%%2/2 e ~F4%Y1))
CIM1=W3#CILI+Wa*ClL2+W*CIL1%¥%2/2 ¢ ~FA*Y1+F4*DEL
CI1XM=C1L3/2e+(CIMI=C1M2)/ (WXC1L3)
CIMMAXZWHCIL 2% C1IXM/2 e=wWH(CLXM¥ %2/ 24 ~C1lM2=(CIMI~CLM2)%(CIL3~C1XM)
CIMMAX=C1M1
SIMAX=F4/AREA+CIMMAX /ZX+ALPHA*CE*RT1

CALCULATION OFf MAXIMUmM BENDING MOMENT AND COMPRESSIVE STRESS FOR TH:
SECOND POSITION OF THE PUSHER RAM.

Y2=C2+SA/2
FS2=(CK2/(C2L2=-CK2¥(Y2-Y1 ) ) *(W3%(C2L1+C2L2)+W4*C2L24wW*(C2L1+C2L2)
1X%X2/26~WX*C2L3%¥%X2/2¢e~F5%Y])

F6=F5+F52

C2M2=W*C2L3%*%2/2.+F6%Y1

DELZ2=( {3 *CEX*SIX) /(3% CEXSIX-FO¥C2L2%¥C2L 1) ) #(WXC2L1%%4 /(8 %CEX*SIX)
I+W3HC2L1%¥%3/ (3o ¥CEXRSIX ) =WHC2L2%*¥3%C2L 1/ (24 ¢ %¥CEXSIX)+C2M2%C2L2%C2L1
27 (6 #CE#*STX)+{C2L2%C2L1/ (3 *CEXSTIX) ) #(W3*C2L1+WHC2L1#%2/2.+F5S2%Y2)
3)

C2M1=W3*C2L1+WHC2L1¥%2/2. +FS2¥Y2+F5¥DELZ

CJU=SART(CE*SIX/F6)

DIl=C2M1-W*xCUx%2

D2=C2M2-W*CJ*%2

C2XM=CI*ATAN((D2-D1*#COS(C2L2/Cu))/DI*SIN(C2L2/CJ))
C2MMAX=D1/COSIC2XM/CI)+WxC %2

S2=ALPHA*CE*RTZ2
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FT2=52%*AREA
IF(FT2.GT«F6) GO TO 5
STEMZ2=52
GO 10 7
5 STEMZ2=F6/AREA
T  S2MAX=C2MMAX/ZX+F6/AREA+STEMZ

CALCULATION OF MAXIMUM BENDING MOMENT AND STRESS IN THE THIRD
POSITION OF THE PUSHER RAMe

F7=(W3x(C3LI+C3L2) /C3L2+Wa+uH (C3L1+C3L2)#%2 /(2% C3L2)+W*C3L3%%x2/(2

1o %C3L2) 1% (CK2¥C3L2/(C3L2-CK2%(Y2Z2~-Y1)))

CAMLI=W3*C3LLI+FT*Y2+WxC3L1%#%2/2.

C3M2=w*(C3L3%%2/24+F7%Y1

CILI=SQRT(CE*SIX/FT)

D11=C3MI-W*CJylxx2

D22=C3M2-WxCYlxx2

C3XM=CII*¥ATAN((DZ22~-D11*¥COS{C3L2/CJI)I/DLI*¥SINIC3L2/CI1Y)

C3MMAX=D11/COS(C3XM/CUL ) +wsCUl%%2

IF(FT2.GT«F7) GO TO 25

STEM3=52

GO TO 27
25 STEM3=F7/AREA
27 S3MAX=C3MMAX/ZX+FT/AREA+STEM3

CALCULATION OF MAXIMUM SHEAR FORCE AND SHEAR STRESS IN THE WEB
PLATE OF THE RAM SECTION.

RA=(1e/CLL3I ¥ (w3%(CILI+CIL3)+Wa*x (CIL2+CIL3)+w* (CLLLI4+CILB)*¥2/2 4~v ¥
1C1LL*%2 /2 —-F4%Y]1)

ASHF =W3+Wa4+W*C1L 1

RSHF=RA~-ASHF

SHF=RSHF

IF(ASHF « GT « RSHF ) SHF=ASHF

SHO=(SHF /(oI X¥STA) }#(STBX(SB-2e%SD1I®{(SA/2e~5TB/ 26 )+STA¥(SA/24-5T8
1)%%2)

WOA=0e88%W0

CS=H/5.

TESTING OF THE VALUES OF VARIABLE UNDER THE GIVEN CONSTRAINTS.

PHI(1)=12+5-S1MAX
PHI(2)=12.5-52MAX
PHI(3}=125-S3MAX
PHI(4})=540-5HS
PHI(5)=5B-wP
PHI(6)=W0OA-SB
PHI(7)=(H/3¢-CS)=5SA/2.
PHI(8)=5T8B-5D
PHI(9)=STA-5TB/ 3.
PHI(1U)=2.0-DEL1
RETURN

END
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SUBROUTINE OURDER(AsBsNNNsNsMsMrisKsLL)
DIMENSION A(40s40)sB{40)sKL(20)sLL(20)
ROWS WITH SLACKS CHECKED

NK=0

KN=M~NNN

DO 21 I=1sKN
IF(B{I)eGTa(-1s0E~06)}) GO TO 21

STORE NEGATIVE B ROWS

NK=NK+1
KL{NK) =1
CONTINUE

IF ALL B ARE POSITIVE CHECK THE ROWS WITH ARTIFICIAL VARIABLES

IF(NKeEQeU) GO TO 25
ML=KN-NK+1

ND=uJ

DO 22 I=MLsKN
ND=ND+1

CHECK IF INTERCHANGE OF ROWS 1S NECESSARY

DO 23 J=1sNK
IF(KL{J)eEGel) GO TO 24

INTERCHANGE ROWS AND ALTER THE SIGNS OF A AND B

TE=KL{ND)

DO 26 JJ=1.MM
TEMP=A(1sJJ)
AlT+JJ)Y=~A(1EsJJ)
A{TESJJ)=TEMP
TEMP=B(I)
B(I)=-B(IE)
BOIE)=TEMP

GO TO 27

INTERCHANGE OF ROWS NOT NECESSARYs CHANGE SIGNS OF A AND B
DO 29 JK=1sMM

AlTs0K)==A(]JK)

B(1)=-B(I)

SHIFT THE NOW NEGATIVE SLACK VARIABLES OF BASIS

MD=MM+ND
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A(IsMD)=~1.0
CONTINUE
IF(NNNeEQ«O) GO TO 40

CHECK THE ROWS WITH ARTIFICIAL VARIABLES.

IF{NNN«EQesO) GO TO 32

MP=KN+1

DO 31 I=MPsM
IF(B(I)eGEe(~1eaUE-06)) GO TO 32

B 1S NEGATIVEs ALTER THE SIGNS OF B AND ALL A EXCEPT THE ARTIFICIA

DO 33 J=1sMM
A(IsJ)==A(1sJ)
B(I)=-B(I)

GO T0 31

IF(B(I)eLTeva0) B(1)=04,0
CONTINUE

CONTINUE

CHECK IF CHANGE IN BASIS IS REQUIRED.
IF(NKeEQeU) GO TO 50

CHANGE THE BASIS

DO 35 I=1sM
MMI =M+ 1
A(lsMMIN=0aU
DO 36 J=1sNK
NJ=N+J
A(TIsNJ)=0eu
MIL=MMI+NK
LL(I)=MIL
A(IsMIL)Y=1.,0
CONTINUE
N=N+NK
NNN=NNN+NK
MM=MM+NK
CONTINUE
RETURN

END
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SUBROQUTINE SIMPLE(ASBsCoNNsNsMaMMs INDEXsXsNMAX 1 195)

DIMENSION S(4v)
DIMENSION A(4Us40)sB{40)sC(40)s11(50)9X(40)

PHASE 1 OR 2 OF LINEAR PRUGRAMING STANDARD SIMPLEX
NCYCLE=1

INDEX=0 FOR PHASE 2 INDEX=1 FOR PHASE 1
IF(INDEXsNEs1) GO TO 8

CALCULATION OF ALL C(J) FOR VARIABLES NOT IN BASIS.

MM=N-M

MMM=M+1-NN

DO 1 J=1sMM

C{J)=0U,

IF(NN+EQeu) GO TO 3
DO 5 J=1sMM

DO 5 I=MMMsM
CI)=ClI)-A(T+J)
CONTINUE

SET C(J)=1«E1U FOR VARIABLES IN BASIS.

MA=MM+1
DO 4 J=MAsN
C(J)1=1.E10

CALCULATE INITIAL UO

UO=U.

IF(NNsEQev) GO TO 7
DO &6 I=MMMeM
Uo=uo+B(1)

CONTINUE
GO 70 9
MB=M+1
DO 12 J=1sN
ClJI=S(J)
U0=0.0

SELECT SMALL C(J) WHICH IS C(L)

SMALL=CI(1)

L=1

DO 1V I=2,N
IF(C(1)eGE«SMALL) GO TO 10
SMALL=C(1)
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L=1
CONTINUE

TESTING FOR OPTIMUM NOTE ALLOWANCE FOR ROUND CFF ERROR
IF(C({L)+1e¢E-54GEeOs) GO TO 100

TESTING FOR FINITE OPTIMUM ALLOWARNCE FOR ROUND OFF ERROR.

DO 15 1=1sM
IF(A(IsL)eGTeleE-5) GO TO 16
CONTINUE

WRITE(65210)

GO TO 1Vl

SELECT SMALLEST RATIO FOR WHICH A(IsL) GTeO. GIVING EQNs (LL)
IN WHICH VARIABLE IS DROPPED.

SMALL=10E+1V

LL=1

DO 18 I=1sM

IF(A(TIsL)elLEeleE=5) GO TO 18
IF(B(I)/A(TIsL)eGToSMALL) GC TO 18
SMALL=B(I)/A(IsL)

Lt=1

CONTINUE

BRINGING C(K) BACK TO O BEFORE CONVERTING TO WEW CANNONICAL FORM

K=TT1(LL)
C{K)=0,

CONVERTING TO NEwW CANNONICAL FORie

B(LL)=B(LL)/A(LLYL)
Uo=u0+BLL)I*C(L)

DO 30 J=1sN

IF(J.EQ.L) GO TO 30
A(LL,J)=A(LLsJ)/A(LLSL)
C(J)=C(J)-A(LLyJ)=C(L)
CONTINUE

A{LLsL)=1.

DO 33 I=1sM

IF(1«EQeLL) GO TO 33
Y=A{IsL)
B(IN=B(I)~-B(LLY*A(T L)
DO 31 J=1sN
AlTsJ)r=A(IsJ)—-A{LLsJ)*Y
CONTINUE

SWITCH BASIS TAGS ON LL EQN.
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C(L)=1.E10
KK=1T1{LL)
ITieL)=L

SETTING OLD VARIABLE IN BASIS

X(KK):O.

RECORD NEwW VALUES OF X IN MEMORY.

ALREADY O 1IN

DO 4U [=1+M
K=I1(1I)
X(K)=B(1)

THE MEMORY .

ITERATION COMMAND.

NCYCLE=NCYCLE+]

IF(NCYCLE«EW

GO TO 9

OUTPUT

CONTINUE

NMAX) GO TO 11¢C

IF(INDEXeNE«1) GO TO 101

=V
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VARIABLES NOT IN BASIS ARE

CALCULATION OF CANNONICAL FORM OF OPTs EQN.

BASIS.

N=N-NN
MC=M+1

DO 94 J=MCsN
S(J)1=0,0

DO 95 J=1sN
CJ)y=50J)
UO=u.

DO 9U I=1sM
K=1I(1)
Q=C(K)
Uo=ul+B(11*Q
DO 90 J=1>sN

ClJ)=ClI)~-A(TsJ)*Q

INDEX=0
DO 91 1I=1sM

K=I1(I)
C{K)=1.E10

GO TO 9
RETURN
NRITE(69211)
sTopP

NCYCLE

FOR INITIAL FEASIBLE
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200  FORMAT(2Xs4HUU= sE1165)

201 FORMAT(2Xs8HA MATRIXs/s(1X910F1145))

202 FORMAT(2Xs22HVARIABLES IN BASIS AREs/»(2Xs3013))

206 FORMAT(2Xs28HPHASE 11 OF SIMPLEX SOLUTIONs//)

208 FORMAT (2Xs8HC MATRIXs/s(2Xs8E1345))

210 FORMAT(2Xs17HNO FINITE OPTIMUM)

211 FORMAT(2Xs3UHPROCESS DID NOT CONVERGE AFTER$2X9E12e542Xs6HCYCLES)

END

INPUT IN THE SUBROUTINE APPROX.

Ks NUivs NEQs> NMAXs INDEXI IN FORMAT 13

004000010099001
B8B(I)s I=1+8 IN FORMAT 8F10.5

05 Ueb Oel Cel Ge1 » 0.1l O.1 O
STEPX(I)s I=1s4 IN FORMAT 4F10e5

0.00001 0.,00001 0.00001 0.,00001
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RESULTS OF THE OPTIMIZATION OF COKE PUSHER RAM BY DIRECT
SEARCH AND SUCCESSIVE LINEAR APPROXIMATION
TECHNIQUE

DIRECT SEARCH METHOD FAILED TO ERRODUCE BETTER RESULT ThAN
SUCCESSIVE LINEAR APPROXIMATION.

THE RESULT FROM DIRECT SEARCH METHCD IS
THE CROSS—-SECTIONAL AREA GF ThE PUSHER RAM IN SQe INCH = 3642984

DIMENSIONS OF THE RAM SECTION,

HEIGHT IN INCHES = 29.9375
WIDTH In INCHES = 12.6250
FLANGE THICKNESS IN INCH = Ue8750
WEB THICKNESS IN INCH = 043125

RESULTS FROM THE SUCCESSIVE LINEAR APPROXIMATION TECHNIQUE
WHICH 1S THE OPTIMUM

THE OPTIMUM CROSS-SECTIONAL AREA OF THE

PUSHER RAM IN SQe¢ INCH = 34,9953

OPTIMUM DIMENSIONS OF THE RAM SECTION.

HEIGHT IN INCHES = 301875
WIDTH IM INCHES = 125000
FLANGE THICKNESS IN INCH = 0U.8125
WEB THICKNESS IN INCH = 0.3125
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HOULY obE AVDEL OR EXCHANGED AS rinRKou
UTINES SEER AND APPROX.

HCuLb Bt DACHANGOEL AS mARKED I THE

THE FOLLOWING CARD SHC

COMPOSTITE PROGRAMME .

KCALL APPROX(XSsYZsuiR)

BL £ACHANOED AS wARKEDL IR

THE FOLLOWIAG CARDS StiouLo

SUBROUTINE APPROX

KASUBRCUTINE APPROX{(ASsZ sULix)

®po 5 1=1,4

30 Z2(1)1=X5(1)

THE FuLOwlIdo CAKD  SHOULD gt AODEDL I Tht APPRUPRIATE PuaACE

IN SULROUTInE APPROX AS HAKKEU.

XS(10)

VT YA

T DIMERSTON
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