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ABESTRACT

Thelron ore deposits of El-Bahariva Oasis at El-Gedida are
the only ores used by the Iron and steel Company ( Hadisolb J.
These ores are located in three different regions with different
contents and quantities : Platau (39.6 mt., 58.2 % Fe ). West
Valley ( 60 mt., 50.2 % Fe ) and N.E.and East Valley ( 11.98 mt..
48 .82 % Fe ).

Hadisolb requires 6666 mt/D (2.4 mt/Y) of a blend containing
Fe > 51 %, Cil < 0.6 %, Mn < 2.4 %, 5i0g¢< 0.085 % and Alp03 <
0.365 % . . .

Optimization techniques were applied to produce a plan for
the use of El~Gedida ores. Calculations fo: the proper amounts of
ore to be blended to suit the cut-off limits for Fe, {1, and Mno
set forth by Hadisolb were made. Other alternatives to maximize
the time span of utilization and produce a blend that Hadisolb
can treat effectively were searched.

The time to use all three localities to produce a kEklend
satisfying the limit of the set restrictions for Fe, €1, and Mno
is found to be 36.9 vears for the Platau, 59.9 yvears for the West
VYalley and 36.9 vears for N.E. and E.Valley. Therefore, thirty
geven vears Is the limit set by the consumption of the platau ore
with high Fe and Cl and low Mn contents.

THe maximum time to consume all three localities at the same
time was found to be forty six and half years, but it will pro-
duce a blend having the following composition : 52.89% % Fe, 2.68
% MnO, 0.5389 % Cl, and 6.8 % S5i0. 1f Hadisolb can treat such a
blend chemically or physically to produce its required limita-
tions, it will lengthen the time span of utilization of all these
localities by about ten years.
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INTRODUCTION

Blending of different streams to produce suitable mixtures
or blends is a typical an optimization problem. Himmelblau(l}
explained the techniques to set up material balances for the
total mass or seperate components. Wild (3.4} explained optimiza-
tion techniques and defined i1t as finding the best way to do
things. This is important in the practical world of production,
trade and even politics, where small change in efficiences can
spell the difference between success or disaster, as the stated
in the introduction of his book. Dynamic programming is used to
golve complex optimization problems (2), where as linear program-—
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ming may be used to solve simple problems when the suggested
routine does not change as the process develops toward comple-—
tion.

For the sake of initial trialz to find the time and compos-
tion of blends that will enable Hadisolb to wutilize El—-Gedidas
location for the longest period possible, the problem 18 simpli-
fied by assuming the following condition.

1} Only three {or five) main components are essential to
congider, namely, Fe, Cl, and MnO (also Siop and others).

2} The input streams or ores from each locality have con-
stantaverage composition as shown in table 1

3) Hadisolb requires that the blend compostion iz sgatisfac-
tory if it contains more than S1% Fe, les=s than 0.6% Cl and less
than 2.4% MnC. Silicon should be less than 8.5% and others legs
than 36.5% + 0.5%

4) The average daily need of iron ores is 6666 + A set of
oneequation and five inequalities for material balances for the
total mass. and component mass3es were defined, and written out to
be solved for the three unknowns, namely the amount to be repeat—
ed daily as the average composition of inputs or outputs may
change.

TABLE (1)
Region one Plalau - Region two valley
Region three North East and East Valley
1 Total
Region| Fe cl Mno 5i0 Al, O3 12 tons
1 50.2% 0.74% 1.4% 3.2% J6.46% 39.60
2 50.2% 0.47% 3.76% 8.1% 37.47% 60.00
3 48.82% 0.22% 1.54% 12.2% 37.22% 11.98
B
Procedure

The procesa of mining the ore from all three localities and
storing each 1in a separate storage before feeding each toe a
geparate battaries of crushers to grind it to a suitable gsize and
uniform masg of known average chemical composition before feeding
to a large mixer or blender ia shown in a qualitative flow sheet
in fig (1).
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FIGURE (1) FLOW SHEET

The actual calculaticns of both the crushing process and
blending are not considered here. The efficiencies of these
process are assumed to be unity (they should be determined exper-
imentally and considered) . The amount of ores produced after
crushing should be devided by the corresponding efficiency to
give actual! daily up - take from each locality, making the time
spen of use of each locality shorter than is reported heres

CALCULATIONS -

Let the basis be : cone day requirement of 6666 t/D
Total mass balance

1) x1 +X2 +x3 6666 t/D
Iron (Fe) balance

2) 0.582X1  +0.502¥%2 +0.4882%X3  >/0.51X6666
MnO balance

3 0.014%x1  +0.0376X%X2  +0.0154%X3 < 0.24X6666
C1 balance

4) 0.0074X)  +0.0047X2  +0,0022X3 < 0.006X6666
51 02 palance

5) 0.032xY  +0.081%2 +0.122X3 < 0.085X6666
A1503 balance

6) 0.3646XY  +0.3747X2  +0.3722X3 <(0.085X66666

These are only three unkowns, namely X1,X2 and X3 are the
amounts of ore fed to the blender from each leccality, where 1
refertc the Platau, 2 refers to West Valley and 3 refers to North
— East and East Valley regions, and one egquation and five in-
egqualities.
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By solving this problem we get

Xxl=2981.4 t/D
X22278.6 t/D
X3=902 t/D

The time period of use for each locality (assuming a unit
efficiency for the crushing, blending and transporting opera-
tiong}) is as follows :-

tl= 39.6 X 10g /2981.4 =36.9 yvears
t2= 60 X 10g /2782.6X360=~59.9 years
tI= 11.98 X 10g /902X360=36.9 years

This means that this hlending routine will allow hadisolh to
uge these locations for a period not exceeding 36.92 vyears when
regions 1 and 3 will be consumed up before region 2

An increase 54.2% in the ores of both region 1 and region 3
will allow Hadisolb to use ores from the three regions for 59.9
Years.

It may be desired to find the maximum time period to consume
all three localities as it the same time .Then

tlatlap3ay

tX1=39 &mt

tX2=60 mt
£X9=11.98 mt
X1+X2+X3=6666 t/D

Therefore

¥le=2365.8 t/D
X<=3504.5 t/D
¥3=715.7 t/D

The blend is found to have the following compositions :-—
52.89 % Fe, 2.60% Mno, 00,5389 C1 and 6.8% SiOzand allow Hadisolb
to use iron ores for 46.5 vears

This composition of the final blend igs acceptable to Hadis-
olb for all elements except Mno which is only 0.28% in excess of
its stated limit . 1f Hadisoldb can treat chemically or physically
such a blend tc bring it to its desired limit it will lengthen
the period of use of such locality by 10 vears than the previous
routine . Another trial for extending the total period of exploi-
tation of the ores was made

The results are give in table 2. Table 2 shows the regquired
ore to be found of the same composition of regions 18&3 to corre-
sponding Mno % in the blend.
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TABLE (2)
Required Ore to be found if the same composition & regions 1 & to
be used with the total amount in Region 2
equired ord Total required fror. PDaily productiorf Mno
.o be found [1&3 or any other 10 |Max. oeriod
{(mt} c to be researched years 2 153
for (mt)
000.00 51.58 46 . 40 3591.991(3087.88 |2.68
7.91 95.49 49.79 3347.39|3318.94 [2.60
19.07 70.65 54.44 3061.4713604.89 [2.50
32.54 B4.12 60.06 2775.0013890.55 |2.40
49.11 100.69 66.96 2489.0514177.04 |2.30
69.68 121.59 79.66 2202.84]14462.9512.20
97.08 148.66 86.95 1916.8114749,.22 12.10
133.68 185.26 102,20 1630.7915035.33{2.00
Conclusions

1- To use the iron ores fron the three region by ratios
which fulfill the limits of the company . In this case it can use

the iron ores for only 36.9 vears

2~ To use the iron otes of the three regions in ratios

so

that all of them will be consumed for the same periocd and in this

case the period will increasel0 vears , but treated chemically

3- 1t was found that if the reserves of both 1&2 can

be

increased by about S0% , the life time of EL - Gedida mines will

be extended almost by the same ratio
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ABSTRACT

In recent years, improvement in Computer-Aided part programming (CAPP) together with
reductions in computing costs, have made the manufacture of the components with the aid of
Numerically Control (NC) machine tool more aecurate. Now, NC ean quickly programmed to
machine the majority of the complex forms found in different components. As a result, NC can
make an important contribution for increasing the productivity of scare tool makers ( in case of
extremely complex shapes ). The machining of cbmplex shape in case of wrning has never been
as easy task. This paper describes how the programmer can generate automatically in asystematic
way, the required NC program in case of turning components. The developed system analysis the
required part drawing to determine the paths to be cut, and how to ent it. Lathing, from tacing to
cut off and all operations in between, the developed system smoothly perform all tasks required
to produce turned parts. Different turning components have been tested, excellent results are
obtained, i.e great reduction in the processing and working times. Entry errors are completely
avoided. Thus significant savings in cost are obtained.
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INTRODUCTION

The machining of complex shape either in case of milling or wraing has never been an easy task.
Designers always want to manufacture a component whose 1ooling is full of awakward features,
such as sharp corners, deep siots, undefined blends and non analytic doubly curved surfaces. After
achieving the best machined finish, the operator resorts hand work to achieve the final detail and
desired surface finish. Part programmers is an area where available personnel are in short supply.
Therefore, new systems such as the present work and the previous one (AUTOGMC) [1,2] for
automatic generation of NC programs for different machining components are most appreciated.
A method has presented for exchanging drawing-data between different models of a CAD/CAM
data base. The need to exchange drawing data between different CAD/CAM data base model is
now becoming greater than ever as CAD/CAM use becomes more widespread [3]. This results
from the expecialion that being able to exchange drawing-data without sending papers beyond a
particular company will bring great benefits to industry. The national standards of data exchiange
such as DXF ( Data Interchange File ) and IGES ( Initial Graphic Exchange Specificarior. ) are
set to meet this kind of needs. It is important to recognize that the rea! object of the exchange is
not a mere physical picture, but an organized relation between pictures and information about
engineering or production objects which is the substantial eontent expressed in CAD/CAM
drawing data base. Even in the case of manual drafting, various kinds of drawing are originally
made for the purpose of transferring required information 1o others, so that a series of tasks from
design to manufacture can be shared between a number of people.

THE DEVELOPED SYSTEM

In our previous work (AOTOGMC) [1], a system to generate automatically the NC programs for
milling components had been developed. That system overcomes the problems of programming
the complex profiles. In the present work, we expand the idea of translate the existing information
on the turned components which previously drawn by the aid of AUTOCAD [4], into data which
can be processed 10 generate a complete NC program for that component. The program has a
function to determine optimum feed and speed for differen: cutting conditions. The machining
operations include profile, eonvex and concave radii facing, shouldering, and longitudinal turning
are shown in Figure 1.

The NC program is a series of blocks, each showing a set of function and/or co-ordinates [5]. The
typical format which has been carried out for the BOXFORD 125 TCL (CNC Lathe) at the
Production Engineering Laboratory (PEL), Faculity of Engineering, Mansoura University {6] is
as the following :

N G M X Z 1 K F s
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Where :

N : block number,

(G : preparatory code,

M : miscellaneous function code,

X ! x co-ordinate to change depth of cut,

Z : Z co-ordinate measured along the axis of the billet,

[ :interpolator parameter (additional information as needed),
K. interpolator parameter (additional information as needed),
F: feed rate (mm/min),

S spindle speed (revimin).

Axes commands is shown in Fig, 2,

The use of preparatory codes GO2 and GO3 make it possible to program the tool to move
clockwise and counter-clockwise respectively, in a circular arc within a single quadrant. The
newcomer/user to part programming is confronted with two probiems before being able to use
these codes :

1. Roughing the surplus material from the billet, so that the maximum depth of cur is not
exceeded, and

2. Calculating I and K parameter values needed for the part program.
USER’S PROCEDURE

The required geometric analysis which pecformed by the developed system is best demonstrated
through the following example :

1. The user starts with drawing the upper half view of the part cutline of the workpiece provided
that, the vertical distauce between the center axis of the workpiece and the x-axis of the screen
must be equal to the radius of the bar stock by the aid of a CAD system which in turn has the
facility to produce DXF files.

2. The user changes the half part outline of the workpiece into a DXF [1] file from left to right.
The DXEF file will be changed into data base file by the developed system. Table 1, depicts the
first main data base file, for the part outline shown in Figure 2.

The developed system extracts the data of Arcs and Lines, and assign these data in a secoud main
data base file, Table 2, illustrates this DBF.

The developed system scans the previous file to determine the maximum value for x or
x1-coordinates which represent the Zero point of the NC part program x1 = 97.8763 (illustrated
in Figure 3). This value will be used to determine the cutting strock length.

The available data in the previous file will be used to determine the number of cut paths and the
length of each path corresponds to recommended depth of cut ( d = 2 mm. per diameter
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recommended in this example ) as a rough cutting operation. The length of each rough cutting
path will be halted at distance smaller than one millimeter from the actual cutting length. The
rough cutting operations will be followed by a finish cutting operation. The required analysis for
each part drawing element will be calculated according to the equations shown in Figure 4. In
case of finishing operation for Arcs found at two quadrant. The developed system divides these
Arcs into two Arcs, and calculate the required data for each sub-arc. All results obtained from
the previous calculations will be assigned in a third data base file shown in Table 3.

The developed system uses this DBF for processing these data to generate the NC part program
as shown in Table 4. Figure 5 summaries the process sequence for generating NC part program
in case of turning operations.

CONCLUSION

A system for automatic generation of NC programs is developed, offers substantial cost, speed
and consistency advantage for NC part programming. It can be implemented and adapted for any
lathe machine tool; no doubt that it greatly reduces the range of skills needed for the NC
programming. The system eliminates the repetitive work because the systcrn ability can retrieve
data, calculate, and perform the required operation. With this system, entry errors are impossible,
great reduction in programming time and program checkout is not necessary.
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Table I: First Main Data Base File

0
SECTION
2

ENTITIES
0

ARC

3

0

v
50554089
20
80.355632
40
30473514
50
221.911183
51
264958714
h

LINE

3

]

10
£7.876273
20

40.0

11

47 876273
21

500

0

LINE

8

s

10
67.876:73
20

40.0

11
97.876273
21

40.40

Q
ENDSEC

0
EOQOF

Table 2 : Second Main Data Base File
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[ TYPE X Y X1 Y1 Ci

c2

R

5

52

CHAR,

| ARC 27.8761 $0.0000 478763 500000 30 954

80,3556

30 £735

2.9112

HAF5E |

LINE 575763 40,0000 478743 S0.0000  0.000000

ARPAEIAL

0.000000

(L e

0.000000

[ UNE 678763 400000 978743 400000 000000

QOXKrK

QoA

Q.00

.00 |
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Jable 3 :Third Main Daia Base File

[ TYPE X Y x v o 2 R st 2 CHAR]
|_LINE 308451 SE0000 978763 SB.O000 0000000 0000000 0000000 0.00000 000000 |
[ LINE 332391 560000 975763 560000 0000000 0000000 0000000 0000000 000060 |
[ LNE 36,2565 S40000 97576} 540000 0000000 000000 0000000 0000000 0000 |
[ LINE 40.3919 520000 978763 520000 0000000 0000000 0000000 0000000  0.000000 |
{ LINE 488761 500000 978763 500000 0000000 0000000  0.000000 0.000000 00GKG0C |
1 aRc 278761 800000 478763 SO.0000 505541 803556 304735 219112 2649587 02 |
[ Lne S2.B76) 480000 978763 43.0000 ]
[ uNE 566763 60000 978763 450000 0000000 0000 00000C0  00000X  G000000 |
[ Lne 6D.6763 40000 976763 44.0000 0000000 0.000000  0.000000  0.000000 0000000 |
| LINE §4876) 420000 97763 420000 0000000 0000000 0.000000 0000000 0000600 |
|_LINE 6787 400000 978761 400000 0000000 0000000 0000000 0000000 0000000 |
[ LiNe 78762 400000 478763 500000 0000000 v000000 0000000 0000000 Q00MGH |
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Table  4:A Complete NC Program List

[ Rect G M X 2 1 K _F s |
[ 1 90 |
O o ]
N 63 10 B T
C 04 1600 |
B & o !
[ s 01 -1 &0 !
BE 3
[ 8 58.00 - :
[ s 01 67.00 R |
R 000 1 |
S 56.00 ‘_“ \
[ 1 m -64.63 T |
| 5700 1 B ]
14 54,00 !
B 6161 &0 '=
b6 55.00 1 f
[ v 52.00 :
T -57.48 60 ‘ i
1 5300 1 |
E: 50.00 |
T2 o -19.00 60 ]
B 50.00  -7000 3035 2677 6D '
E= 6100 1 _
B 43.00 %
BEET -45,00 60 i
[ % 49.00 1 |
[ » 46.00 1
T -41.00 60 |
[ 2 4700 1 i
[ 30 44.00 |
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Figure

LY ™

X1.x1

3
m§ -

Ynew= Y--2

B (Ynew—C2)/R
S = ASIN (B)

It

Xoew

C1+R*C0O3(3)
Xnewl= Xnew+l

LY

X1.Y1

T= (Y=Y1)/(X1-X)
Ynew= Y--2
Xnew= X1~ ((Ynew-Y1}/T)

Xnewl= Xnew+1
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XY

P

L4

v
Ynew= Y1-2

B = (Ynew—C2)/R
S = ASIN (B)

Xnew= C1-+R*COS(S)
Xnewl= Xnew+]

X1yi

Xnew

LY

T= (Y1-Y)/(X-X1)
Yoew= Y1-2
Xnew= X—((Ynew—Y)/T)

Xnewl= Xnew+1

4 Equations for Calculated Tool Paths

MSh
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r [nput DXF File for Upper Hall Part Outline ‘

-
T(,'hange DXF File Into DHF File |
|

|
L

(Extract Information for Arce and Lines

Generate Data for Tool Pathe for a Series of Rough
Cuts Followed By The Finlshing Turning Operation

Proocessing for Generating NC Programs

Figure b Process Sequence In Cagse of
Turning Operation




