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ABSTRACT
The airn of the present work is to study the controlling qf weld defects and dimensions by using robot

cell which associated with MIG/IvIAG welding process. The base metal is evaluated through the

chemical analysis, mechanical tests and micro-structure tests. Filler metal is also selected and

analyzed according to AWS specification. I'he various welding conditions are chosen to be as

suitable as possible such as welding current, arc voltage, travel speed, stick out, protective gases and

there is another effective parameter called as torch inclination angles, which has an obvious effect on

the weld bead dimensions. Robotic arc welding has been applied and analyzed for the welding of a
complex sheet metal product named as product X-l1. The product X-11 required 33 arc welds with
total length of (182.8 cm) of welds. Two complete weld programs development are carried out' The

weld program consists of two stages, which are the front side and the back side. The cycle time

calculates for each program. It is obvious that the productivity is increase to about 186 %. Sorne of
quality control tests are curried out for the purpose of improving in weld quality. Some of inspections

and tests are achieved for finding out the defects in the weldments in the mass production which is
considered as attributes data. Pareto diagram is also set up to show the important defects in the

production. The presence of defects in the final products may belong to many factors (e.g. poor fits
for welding parts, impurity of protective gases, etc.).
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INTRODUCTION
Over the last twenty years or so automation in the field of welding has been spreading. In 1985- 1990
s there was great advance in joining technology in recent years has bean the deyelopment of welding
robots [Sebah , Jenan 1989], because ofthe beneficial effect ofthese devices on prodgctivity and
fabrication costs, and because of the impact on the manner in which manufacturing witl be done in the
future. The primary capability of the robot is its flexibility of motion, which resulis in a manipulative
capability similar to that of the manual weldor. Additionally, its inherent reprogrammability makes it
adaptable to a variety of applications. Arc welding robot is in essence manipulating device, which
simply moves the welding torch along the joint line thus performing some of ihe funitiols of human
weldor. The arc welding system rised with robot is MIG process. When comparisons are made
between this form of welding and manual arc welding operations, many advantagel are gained which
benefit the manufacturing operations associated with producing a finished welded proJuct. Robotic
arc welding provides flexibility for welding of a farnily of products and is capable of producing
consistent weld appearance and quality.

FEATURES OF THE ARC.WELDING ROBOT
The robot is programmed by the teaching rnode method using a hand-held control and the program
must be quick to produce easy modified to suit the real conditions for variations of fif up and
component tolerance. Five axes are generally required with wrist rotations of greater than 360 degrees.
The robot need 6-degrees of freedom, which gives it the capability to move ihe end effector thriugh
the required sequence of motions. If there are more than 6-degrees of freedom, then will 6e
redundancy' This means that the arrival of the end effector to the particular position and orientation is
then attainable by an infinite number of combinations ofjoint positions, which reach. It is possible to
obtain more degrees of freedom (axes of motions) by putting the robot on a trerck or slide
IGroover1984]
Or by using an auxiliary axes such as a rotating table which has two-degrees of freedom movements
of rotation'and turning. Continuous path robots have a capability to follow through points which
describe a smooth compound curve, in this type of robots the memory and control iequirements are
greater than PTP. Since the complete path taken by the robot must be remembered rathir than merely
the end points of the motion sequence. 'Ihe robot must have a positioning repeatability of nn -orlthan + 0.2 mm to MIG weld material down to 1mm thickness.

FEATURES OF THE ARC WELDING EQUIPMENT
The present study was carried out in the robotic welding cell. The robot welding facility is configured
form:
1- An articulated arc welding robot and control.
2- A two-axis, robot-compatible table type positioner.
3- A power supply, wire feeder.
4- A welding gun and supply of water for cooling the torch.
5- A real of electrode wire.
6- A remote control device.
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7- A supplier of gases with gas regulator and flow meter and connections.
The robotic cell consists from robot, equipment of welding, and control. The robot type is Earnest
one- Sapri S.P.A, rvhich has 9-degrees of freedorn.It may be able to perform some operation on one or
more objects, which is fed into robot working volume and then remove away when the operation have
been completed. The object must be constrained while the robot operates on it. A mechanical device
is called fixture, which is used for holding the objects during the robots are operating on them.
Robotic welding process is intencied to give fast deposition rates of high quality welding with a

consistentl;'reliable performance welds are applied mil1y times faster than by manual arc and gives
better and uniform appearance, and there is an absence oftrequent stops and starts.

WELDING MATERIAL AND CONSUMABLES
The base metal used in the investigation, is low carbon steel type " St. 3" according to DIN standard.
It is sheet metal with nominal thickness of (2mm). 'this material is chemically analyzed, table 1

shows the nominal and actual laboratory results lbr the base metal material. Table (2) shows the
mechanically properties for this material as nominal properties according to DI\l stanclard

[Din Deutschies Institute 1976] and the actual laboratory results. The filler wire is 1.2-mm dianr.eter,
copper -'coated, solid mild steel wire. Its grade was chosen according to AWS specification. T'he
filler must be similar or better to base metal in the chemical composition and mechanical properties.
Therefore, the filler wire grade choose is "ER70S-6". Table (3) shows the nominal composition of
the filler metal, which is taken from AWS specitication, and actual Iaboratory results. Table (4)
shows the mechanical properties ofthe filler metal according to AWS specification. The shielding gas

is a mixture of approximately (Ar + 20% CO). COz gas is in liquid form then passed through
pressure reducing valve and a heater to ensure that gaseous COz is supplied to the mixture device. The
Argon gas also is passed through reducing valve and then it is mixed with COz gas so that the gas flow
rate for each gas is (2-3) L/min COz and (9-10) L/min AR gas. Where, the total flow rate of mixed
gases is 12llmin and the mixture proportions are as following: (75-80) YoAr and (25-20) Yo COz .

WELDING PARAMETERS
The welding conditions are the more important factors to get qualified product. In this work many
tests are done to establish the optimurn welding conditions.

Weldine Current
The current type is direct current reverse polarity 'DCRP' which is recommended to use since this
condition leads to a stable arc with smooth metal transfer, low spatter and good quality weld bead.
During this practice, it could be seen that there is direct relationship between the curent and the
penetration. Therefore, the operating range for this practice is within (100-140) amps, but the more
suitable value was (130-135) Amps. Since this range give stable arc, unifbrm bead with right
appearance, and no burn-through or undercutting in the ioint.

Arc Voltage
The Arc voltage is selected in this work and adjusted at the power source to the required amount,
during this regulation of arc voltage, the following features were noted:
When the arc voltage was increased, the weld bead becomes flater and wider.
When the arc voltage was too high (e.g. V:20 or more) volts, tire weld bead is wide and irregularly
shaped and excessive spatter resulted. Therefore, the operating range of arc voltage is recommended
of(16-19) volts.
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Filler Metal Tvpe and Size
The electrode diameter is l.2mm, which selected depending on the work-piece thickness. 'fhe filler
wire type (ER70S-6) is suitable for the base metal. Since it is used to weld sheet rnetal where smooth
weld beads are desired. The quality of the weld will depend on the degree of surface impurities.

Wire Snecd
Wire feed speed is automatically changed. It is a function of curent. In the optimum welding
conditions the wire feed speed is equal to (3.2) m/min, which is calculated by determining the lengtir
of wire through 10 seconds.

Travel Sneed
During selection the correct values for travel speed, it is seen that when travel speed is too low results
in excessive fusion of base metal, excessive penetration, and even burn-through. But when gr"ut",
increase in travel speed, less thermal energy will be imparted to the parelt meta-l and then tt 

""p*.ntmetal melting rate would be reduoed. When the travel speed is excessive, defect type undercutting
will occur along the edges of the weld bead, because the deposition of filler metal ii not sufficient tlfill the path rnelted by the arc.

Electrode Extension (stick out)
The stick out is chosen dependently on the electrode cliameter, and the base metal thickness as shown
in the Table (5) [Dr. Parmer 1995]. The suitable amount of stick out for given diameter (l .2mm) is
13mm.

Gas Flow Rate
During experimental work when high gas flow rate is used with the same conditions, sorne of welding
defects T9.unn.{"d such as porous and blorvholes and poor appearance as shown in Fig (l). It shows
that the failure of specimen occur in the u'elding =or. .lu" to fhese defects. When the g-as fiow rate is
too low then there was loss in protection action of the weld zone from contaminaters and atrnosphere.
Therefore, the sufficient amount is 12 L/min (as mixture gases).

Electrode-to- work-niece anqle "torch angle"
It is one important variable in the welding whicli may considerably affect the bead geometry. It refers
to the position in which a welding gun may be held perpendicularto the work piecJ or ,rith * ungl.,
which may be longitudinal angle or transverse angle-. 'fhe longitudinal unfi. may be trailing or
leading angle' The trailing angle gives a narrow and peaky netaiwitrr deep pJnetration. The leaJing
angle results in weld with shallow penetration but wider bead. The ske* anile which is the relation
between the electrode and the joint in the plane perpenclicular to the longitudinal plane, in
butt--welding of equal thickness sheet, in the flat the angie always 0o (perperrdicular). Changes in torch
angle inclination are inevitable in automatic such as inihe application ofrobot wetOing i, i"rO*t.Vi",
mass production when constant torch angles cannot be rnentioned in the robot. Ro-bot torch angle
some times varies during the work, which may aflect the other parameters with consequent effects orr
bead shape. and penetration.

APPI-,ICATION OF ROBOTIC WELDING
The used robot is programmable type which is programmecl by the teaching mode method using ahandheld control and the program must be quick to produce easy rnodified to suit the real conclitionsfor variations of fit up and component tolerance. It is capable oi smooth and variable speeds aroundany contour. The speeds of the torch along-the trajector{.mus-t bc compatible withit".urrg" orwelding speed required by the process. In robotic work cill, it is requirei io o.r.top prograr.,i andgood maintenance, robot reprogramming and rest-up, tooling, weld procedure development, etc. The
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present study has sought to provide infbrmation and data relative to such aspects. In particular, a
feasibility study has been performed for a low-volume complex sheet metal fabrication with care
taken to weld program development.

OVERVIEW OF WELDING ASSEMBT,Y
The object of this investigation has a base component, which assembles with its component parts.
This assembly is for a product namely (X-l t). I'he prirnary base member is pierced and formed from
low carbon steel sheet (2mm) thick. The base dimensions are (310)*(310) mm. Four vertical support
rnembers, and eight vertical side supports are formed from the same material but with (3mm) thick.
The X-11 product contains a central part, which is welded in the center of the base. Casting and then
machining to the final form can produce this part. It should be mentioned that the design of the part is
primarily determined by rigidity requirements. All parts are tacking manually with trelp of the fixture,
which held individual vertical support members for tacking. The product requires 33 manual arc
welds. These include (16) fillet welds, (16) square butt welds. The welds vary from 1.0 cm to (8.5) cm
in length with a total of (182.8) cm of welds. This product was welded by manual shielded arc
welding. The welds were visually inspected. A balanced-type positioner is used in manual production
to allow rotation for back side welding. The robot table-type positioner did not allow such access. As
result, it is necessary to manually turn the base over in the fixture for backside welding.

Weld Prosram
As mentioned above, the product X-l I is a complex weldment ivhich has large number of welds ancl
consists of sheet metal as a base metal, therefore, the present work is to use the robotic technique in
welding this product with high quality and high productivity. The weld program consists of two
stages which are the front side and the backside of the product X-ll. The cycle time for manual
welding of the front side of the product u,as (35 minutes), while the back side, which contains only
circular welding for the center part to be welded with base, had cycle time at least (1.5 min) as
manually welding. The robotic weld program consists two complete weld program developments are
carried out. The complete weld sequence is programmed with out welding. Following this, the welds
are sequentially made. The program of weld sequences is as follow:

Front Side of the Product X-11
The weld piogram for the front side of the product X-l I is performed to be consisting of the following
movements: torch movements through the space, arc welding movements, table movements, and
cleaning movements for the torch tip. The front side of the product X-l 1 include the following welds:
1- Four welds are straight with torch angle (leading/I5 ). Each weld is completed within 7.5 seconds.

Even though there are four welds, but they require welding time of (23 seconds).
2- Eight welds, which are straight on the line of welding with, torch angle (leading/I5 ); each weld

is completed with (30.9 seconds). The table positioneris turned to an angle of 36 , where the weld
position is flat, and after each weld the table rotate 90 ,

3' Eight welds which are straight on welding line, with torch angle (leading/l5'). The weld position
is vertical and each weld is completed with time 28.1 seconds.

4- Four welds which are circular welds with torch angle (normal) in order not to obstruct the other
components in the base. The table is in flat position and it remains stationary during welding, the
circular weld performed by a robot. Each weld is completed with time (12.5 seconds). After each
weld, the table rotates Y, cycle and so on.

5- Fout welds, which are as the same as in, step (4), but the time that required for each rveld is
(4 seccnds).

For complete the front side weld program, it is required the following groups of sequences:
a- FtRsr GRouP, wHICH coNSISTS oF 4-sEeuENCES, EACH sEeuENCE coNSISTS oF 4-wpl-os AND 12-

PROGRAMMING POINTS.
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b- Second group, which consists of 4-sequences, each sequence consists of 2-welcls and 4-programming points.
c- TutRo GRouP, WHICH CONSISTS or 4-suQuBNCES, EACI{ sEeuENCE coNsrsrs oF 2-welps exn 5-

PROGR.AMMING POINTS.

Bnc( Sror or rue pnonucr X-ll
The Backside program of the product x-ll requires Z-table movements and one weld with oneprogramming point. this program ts circular weld with constant speed for the table positioner. the
angle of the is (trailing angle/ t 50;. in this program the robot arm, which is holding the torch,
remained stationary on the correct position and the table rotate.

CYCLE TIME FOR ROBOTIC WBLDING PROGRAM
'Ihe initial program was not intended to be optimum. The cycle time of the front side of the productX-l1 was approximately (16 minutes) and the program cycle time for the backside is (57 seconds).
T'he second weld program sequences are optimized as fortws:
1- Redundant robot moves are eliminated to provide direct movements between welds.
2- weld parameters are developed to allow higher welding speeds.
3- A number of table moves are eiiminated whenever possible so as, the cycle time was reduced to

(11 minptes) including the cleaning time for the torihnozzle and conta.t tub.. Whereas backside
weld is (44.5 seconds).

4- The Ioading time is reduced to minimum by using the two tables technology at the same time. Sowhen the robot deals with the first table, the operator must load an other r.vork-piece of theproduct X-l I on the second table. Therefore, there is no waiting for loading and setting up of the
product.

Program sequence diagrarns are maintained to provide more description for the weld program. As
mentioned, each sequence consists of number of welds and programming points, the'torfh of the
robot must pass through all these sequences during welding. Ptiints ur.'nu*b.red as a sequence
number, followed by a decimal point, followed by a two-digit point number within the sequence.
The two digit points belong to the comutative number of the programming points for the ,.qu"n..,
which contain them. Fig. (2) represents the sequence diagram foi the *"ti program. The main li.e
contains all the table movements and number of the programrning point during such moves. The
sequences are separated by table moves during the program. Theiefore, the miin line contai, g5
programming points labelled 0.01 to 0.85, of which only 15 are shown in Fig. (2). Sequences I
through 12 welded the front side of the product X-11, while sequence 13 is for backside of the
product X-l 1.

The weld program sequences are timed with suitable welding conditions, which include :joint type,
position of the weld, torch angle, work angle, weld travel spied, arc voliage, wire feed speed, ,ti"t
out, welding current, and fitting up of the wire tip rvith the joint trajectory.
The average total cycle time for welding front side of the produci X- I 1 is ( I 6 minutes) and for the
back side is 57 (seconds), which include robot, arc, tatle movements, and loading time. The
optimisation for this program by modiffing and eliminating the redund*i ,nou.rentsind loading
tirne. This results in satisfying cycle time of (12 minutes) or less for the front sicle, and
(44'5 seconds) for the back side of the product X- I L The improvement in productivity and number
of complete assemblies which produce per shift by using manual and the two programs can be
shown in table 6.

QUALITY CONTROL TESTS
Weld quality is achieved by taking specimens for purposes of testing ang inspccting for improving
weld quality. I'hese include the control of weld bead" overfill, peietra-tion, and i-ensile sirength',
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which are considered as variable data. The inspection for finding out the defect in the weldments in
the mass production is achieved by using requiied tests,

Visual Insnection
This test is necessary for checking the welding parameters during welding such as regulating the arc
voltage, setting the welding current, limiting ttri gas flow rate anl travel ipeed. tt is ,iridely ised for
evaluating the base metal and the filler wire befoie welding and it is wideiy used after welding for
various purposes such as:
Visual inspection is used with other tests such as bending test, and with the torch inclination angles
test to signalize the necessary remarks in this investigation.
'l'hrough this test, detection of the weld defects such as porosity, unfused welds, undercutting,
excessive fusion of w-elding, weld profile defects. poor weld appearance, etc. which are usedls input
data for evaluation of statistical quality control techniques.

Dve Penetrant Inspection
Penetrant inspection is a method of locating defects open to the surface. It is simplest and can be
used for ferrous, non-ferrous and nonmagnetic metals. Some of the defects that can be detected by
this method are:
1- Fatigue crack. 2- Shrinkage crack.
3- Crater crack. 4- pits.
5- Porosity. 6- Incomplete fusion.

Radiograqhv (X-Rav) test
Radiography is one of the most useful of the non-destructive tests (NDT) which can be applied for
assessing the quality- of the welded joints. It can be used for inspection of welds of all iypes ana
thicknesses ranging fi'om thin sheets to thick plates. X-ray can detict flaws of discontinuities, whiclr
are internal defects in welds such as:
- Cracks.
- Porosity and holes.
- Slag, flux or oxide inclusions.
- Lack of fusion between the weld metal and parent metal.
- Incompletepenetration.
The specimens are taken from the same welding procedure. The specimens are square edges butt
welding with 150-mm length, and 2mm thick. They are tested as iadiographically by using X-ray
tube. The test was achieved in Al-Nasser Al-atheem Company. The device used is SEIFER'f
300KV Germany Original the film used is Kodak type. The condition for this test is selected
according to specimen thickness. So the specimen with 2mm thick can be examined with following
conditions:

I V TTlVTE

I2O KV I.0 MIt\,.

Joint Strensth Testing
This test is used to specify the tensile strength of the base metal and the welded metal. The
specimen details and testing method are made according to ASTM and DIN standards. These
specimens are tested on (Hay fielf Extometer Randoper) device. The maximum load is recorded as
measure of the joiont strength.
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$t?tistical.Tgchniqucs for Controllins Wetd Ouali8
After specifying the consistent conaltoni or welding which are dependent in this ipvestigation andt]ren getting on qualified welding operator and when the robotic welding process is qualified.
Collection of the data associated with weld bead dimensions, strength o"f irr" welclments, and
different defects, which may appear in the joints. The data are either n .-u.ur.*.nts or observations.
According to the type of the collectecl data. f'herefore, they are divided into two groups as var.iables
and attributes information.

Variable measurements
These measurements include width of the bead, penetration, and overfill or reinforcement. The data
are collected in form of samples where, during each batch of production a sample is taken, they are of
size S-pieces' Then these pieces are machined and prepared fo, n u.ro and tensile tests. This method
of collection continued for 25 batches of production. pach part taken for maqo-test is li,ished,
cleaned carfully and etched for macroscopic vision with magnifying X2. The tensile strength pi..",
are machined to standard form of tensile test specimens (DIN 50120). Ihe X -R charts are plotted for
each case, and then the histogram for each case is plotted.

Attributes Control Charts
These control charts are concerned with confbrmance and non-conformance with requirements. In
the present study the attributes control charts are applied to the most important defects in welding
process such as a porosity, overlap, and undercutting. poor appearance of the bead, excessive
fusion, and lack of fusion. The adopted method of data ioliection-ii as samples where sample size is
50-pieces of welded products. Each part is visually inspection for each of the above mentioned
defects. The inspection is carried out with help of quaity skilled staff using standard forms for
comparison to indicate the defects. However, the defects, which are very smali(rnicro-defects) such
as micro-clacks or micro-porosity, have less effect on quality than the macr.o defects whictr have
much effect the quality of welding and impaired the strengtir ancl toughness of weldments. After
collecting the necessary data for each defect for 25 samples, a plot oithe p-chart is achieved for
each case. In this section of control charts the inspected piece may be either conformance or non-
conformance to specification. The word conformance means that there is no defect in the piece
therefore, it is acceptcd, but the ward non-conformance means that the inspected piece has defects
therefore, it must be rejected from other side if there is small amount of defects inihe piece that are
within the limits that the designer recommended. In this case, the piece is acceptable to the designer
requirements, but in the same time it is unacceptable as welding quality requirements. In the p[r.t
study, each piece consists of (33) welds as described above. Ii'a1y Olfecf appeu in one of these
welds then this piece would be signal as defective one according to quality requirements, but in the
same time it is considered acceptable according to consideration of prbdu"iion plu,rr.
Pareto chart was set up for the defects to specify the effective defect and t-hen make attempt to
reduce this defect by examination the causes and reasons which lead to its existence, so as to reduce
it to a rninimal. Fig (3) shows pareto diagrqam, where the horizontal axis represents the defect
causes which arrangement from max. to min. and the vertical axis represent the frequency for each
one. It is ctear that the porosity and poor appearance are the most two defects affect the quality of
robotic welding technique.

CONCLUSIONS
Concerning the experimental work conducted in the present work, the following conclusions can be
drawn'
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l- Short-circuit arc technique is suitable for thin sheet(2 mm or less). Because it permits metal
transfer with lower heat input, adequate penetration is obtained and the risk of bum-through is
minimized.

2- The welding current is within the range (100 -140) amperes for obtaining good appearance with
out bum-through oi lack of fusion for the weldment. So the quality of welding is acceptable with
the selected welding conditions.

3- Skew angle gave more spatter and asymmetry bead when the angle increase.
4- Trailing angle technique gives a more stable arc, less spatter and a narrower, more convex weld

bead with deep penetration.
5- Leading angle is more suitable for thin sheet metals because it gives shallower penetration,

which is suitable for sheet in order not to cause burn-through.

6- Seam tracking is necessary so as not to obtain rnisalignment between the electrode tip and the

axis ofjoint which lead to defect of lack of fusion or poor root penetration in the backside of the
joint.

7- Porosity'defect is the major defect and its causes may be the purity of protective gases, rest and
other inclusions on the surface of the metal to be welded, or unsuitable amount of productive
gases.

8- Weld bead dimensions are within statistical control, this led to produce products with good
quality.

9- Tensile strength of weld joints is with statistical control and all tested specimens are failed out
side the weld zone with tensile strength more than that for base metal.

Table (1) Chemical conlposition of the base metal.

E,lement %C 9'oSi o/oMn %S %P o/oMo %Ni o/oCr o,6F e

Nominal

Cornpositn

0.1

max

0.03 -0

.15

0.2-0.

45

0.04 0.04 Rent.

Act;ial st.3 0.067 0.025 0.249 0.01 0.012 0.006 0.01 5 0.01 99.7

l'abl e (2) Nominal and actual mechanical properties of base metal.

Mechanical
properties

Yield stress

Mna

tlltimate stress

lvlna

HB Bending

Nominal
properties

278-372.6 35
Pass

St.3
properties

336.87 s 29 100 -123

2t

Elongation
%
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Table (3) Nominal and laboratory chemical compositions for filler wire

*These elements may be present but are not intenticlnally added

Table (4) Mechanical properties of filler wire. [AWS, l9g9].

fable shows the electrode diameter and electrode stickout Dr. Parmer lgg5

Table (6)

Element %C %si o/oVln %S %P %NIi o/oCr o/oCu %At YoFe
Nominal,

AWS

0.07

-0. I

5

0.9-

1.15

L4-l .

8s

0.03 5 0.02

5

{c ,r
0.5 0.5 Retn.

ERTOS-6 0.1 1 1 I,5 0.029 0.02 0.3 Rem

Mechanical
Dropertis

Yield stress

Mpa

Llltimate stress Elong ationo/o

Nominal
AWS standard

420 s00 22

Electrode wire
diameter rnm

0.9 1.0 1,2 1.6 2 2.4

Electrode stickout
mm

6-12 7 - t3 8 15 13 - 20 15 -25 ls - 30

Technique Total cycle time
min

Product /shift Improvement in
Produ ctivity oA

Manual 36,5 r3

First 16.95 28 I 15.3
Second program 12.7 4 38 196.5

22

)
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Fig. ( 1) shows presence of porosity in weldi ng zone due to
unsuitable gas flow rate

W
)

W
7

W'

)
l,l/
)

8.65

761

s.53

W
I

0.0t

lv
,l

W',

J

t'
4

O T4aui,Owt4ENT

O PruruuvnilN; totNt'

W Ntntmw:w'ux

Outt

Fie. Q) weld program sequence
n

Sp
l1

t3.ffi

10.75 I 1,80 12.85

W
)

W'

)

W
)

,t/
?

2.25

a

gt'4,Il

FF

a

srr
t)



Z. l, Ahmed and A. A. Ugla

w
FABRICA

WE[,DI]\G TECHNIQUE FOR IMPROVING AI",ITYQttIiOR SI-IEIiT MET'AL BYTION I-ISING

P areto
I JU.O!J.*

9 u .o t]'r;

a3.Ou-x.

? o.oD-D

6C.OU.s

5it.ou.>

+ I nrr'r;

3U.OU-L

2:l Orl'*

I I Or)'f

O nrl'* ry
funorrtv ArwevyE

lEEIT'T

%ry_ .t l.sll ?....'*r.l -.?..^r*-I
*;-_ '--r

Ormtqp UtDwtltnr;

Fig. (3)
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