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Abstract

A fuzzy logic approach (FLA) application in the process of stud arc welding environment was implemented under
the condition of fuzziness input data. This paper is composed of the background of FLA, related research work review
and points for developing in stud welding manufacturing. Then, it investigates thecase of developingstud arc welding
process on the controversial certaintyof available equipment and human skills.Five parameters (welding time, sheet
thickness, type of coating, welding current and stud shape) were studied.A pair of parameter was sdlected asiteration
whichiswelding current and welding time and used for verification corresponding with tensile strength as output results
and this willconsider it as schema for other cases.The testing result in the case of crisp (exact) value verifyingied the
uncertainty value of some criteria selected which open the concept to make the decision making process for some
advance cases without implementation. This paper applied the proposed methodology using Matlab program, the
graphic user interface (GUI) fuzzy tool box for the case study of screw DABOTEKSTUD welding machine, for 6 mm
diameter stud. The sheet materials are (K14358 and K52355) according to (USN standards, and the stud materials are
(54NiCrMoS6 and 40CrMnMoS8-6) according to (DIN standards).This given information is very inevitable for the
conventional crisp determination of the tensile stress for the particular specimens experimented and also for verifying
the tensile test value estimate in the case of changing to a fuzzy value for two of the input variables.
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1. Introduction

Stud arc welding is a widely used operation in
mechanical structure, where high tensile strength
with minimum variation is required. The variation
of tensile strength affects the cost of stud welding
unit operations such as rework and time consume.
These are often limiting steps in mechanical
manufacturing processes, therefore, significant
cost reduction can be realized by producing the
stud welding joint having reliable tensile strength
( Jibsond 1997)[1].

Usually, to find the influence of controlling
parameters on welding process a large number of
experiments needed. In order to avoid this, fuzzy
logic approach FLA methods can be used as a

decision making process for the adequate solution
of expeiments. The Classicah method of
experiments emphasizes prediction of future
behavior of experiments from empirical model
while running a fraction of full factorial of the
combination parameters which are vey
sophisticated.

The variation in the stud arc process, may be
due to any or a combination of a selective five
sources. So some of these source are srelated to
machine, measurement, method, material,
manpower, stud, sheet, power supply, and
environment, etc. For this study of stud arc
welding the effect of manpower on variation is
limited because the machine is operating in a
semiautomatic process, also the experiments wear
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executed onsort of or semi laboratory
environment. Problem identification is very
important for any industrial experiment. One of
the most used methods for identifying the problem
is brainstorming. Brainstorming is an activity that
promotes team participation, encourages creative

thinking and generates many ideas in a short
period of time. For an investigation into the
possible causes of the undesirable variability in
the stud welding process, a cause-and-effect
diagram that lists several suspected causes of this
variability is shown in Figure (1)[7].
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Fig. 1. Control Factorsof Stud Welding Cause-and-Effect Diagram.

2. Crisp Factor Levels and Fuzziness
Range of Factor Setting

Determining the membership function of
sdected factors from brainstorming is a major
concern to many researchers in industries.
Abrainstorming session suggested using five
factors with particular two pairs of them in the
fuzziness / defuzziness method. After determining
the number required for each factor, it is needed
to specify the fuzziness range of operation for
each control factor. It is wusually best to
experiment the largest range feasible, so that the
variation inherent in the process does not mask
the factor effects on the response.

The crisp membership function for weding
time and welding current are shown in Table (1),
and the list of the rest three factors taken into
consideration on the traditional crisp method
experimental were changed in the conventional
test to obtain the tensile stress values, see
Table(2).

This action was taken to get more
measurement of tensile test which was already
verified as exact. The same concept was
established with two of the inputs to verify the
result as in the crisp case when taken the range for

these particular two variables, so that for the fuzzy
approach the sdlected factor Table (1) was chosen
as a keystone for the huge amount of constrain
like those in cause and effect diagram control
factors which are shown in Figure (1).

Tablel,
Welding Time/Current Member ship Function

Range

Time 0.15-0.2-0.25-0.3-0.35 unitin second

Welding current: 350 —450 unitin Amp
Table2,

Other Factors

Factors Unit Range

Sheet thickness Mm 1.6-3.175

Type of coating

K52355 - K14358 MM 03-075
Small sud - Flange

Stud shape None <ud
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Once the factors were decided, the
membership function for each factor was
sdected. Selection of membership function
depends on how the outcome (tensile strength) is
affected and verification the different member and
that was achieved by taking six values within the
factors shown in Table (3) and acquiring the

tensile test result in the crisp case, for example the
set of (0.15s time, 1.6 mm sheet thickness, 350
Amp welding current, 0.3 mm coating type, small
stud shape) will generate (175.73, 288.70, 284.39,
359.99, 190.70) N/mn? respectively.

Table 3,
Stud Arc Welding Tensile Strength.

Mean
Factors Tensile strength N/mm? N/mm?
Time 175.73 213.23 143.66 195.09 210.50 155.60 182.302
Sheet
thickness 288.70 251.20 330.40 284.99 225.90 300.70 280.315
Welding
current 284.39 198.56 225.89 245.87 276.24 263.54 249.082
Type of
coating 359.99 420.50 428.42 300.03 387.38 367.54 377.310
Stud shape 190.70 245.87 235.90 298.46 164.33 289.46 237.453

3. Fuzzy logic Programming M ethodology

Fuzzy logic is a logical system, which is an
extension of multivalued logic. However, in a
wider sense fuzzy logic (FL) is amost
synonymous with the theory of fuzzy sets, a
theory which relates to classes of objects with
non-sharp boundaries in which membership is a
matter of degree. (mathwork2010)[6].

However, using the GUI guide user interface
to obtain the number of input and output and
inference  engine domain containing the
membership function curve that concurrently
describe the behavior of each variable
corresponding with rule that reflect stud welding
machining demand for this case study, the
carrying out of the following steps are inevitable
Figure (2).

Step 1 (input): For the welding current
theGaussian function (gaussmf) [5] was used, two

of them representa single value as shown in
Figure (3).

Step2  (input): For the welding time the
trapezoidal function (trapzmf) [5] was used, three
of them represent a single value see Figure (4).

Step3 (output): For tensile strength the triangular
function (trimf) [5] was used, three of them on
representsa single value see Figure (5). (For
coated type in fuzzy range the value of its tensile
stress was ignored to get more accuracy and it did
not affect the manipulation as checked on its
availability in crisp case).

Step 4: The data could be entered in term of
numerical symbols or simply adjust the line
(move by using computer mouse) from the guide
user interface screen see Figure (6).

Step 5: The case of defuzziness output could be
numerically recognized or from the surface of 3D
dimension seein Figure (7).
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Fig. 2. Fuzzy Reasoning M ethodology Steps.
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Fig. 4. Welding Time Member ship.
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Fig. 6. Defuzziness Input/Output I nterface.
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4. Discussion and Conclusion

After interpreting the results of the analysis, it
is advisable to ensure that the experimental
conclusions are supported by the data in both the
crispness and the fuzzy cases. The confidence
interval of each sat of variables range is the
varianceof the estimated result inthe in between
value or simply in the fuzzy condition.

So that the result inthe tensile stress to be
reasoning distributed was selected in the range of
(175 to 250) N/mmpwhich is already verified in the
crisp or conventional method. The confirmation
experimental is used to verify whether the
predicated output responseonthe tensile stress
based on the same levels of the combination of
factors (variables) range and here two of which
could called main factors entered with no exact
value and that could be localized for whole
welding environment where this could show
extreme benefits for others more sophisticated
cases with the lackof some processes information.
If conclusive results are obtained from the
confirmation run, a specific action on the process
may be taken for improvement.

A confirmatory run/experiment (or follow-up
experiment) is necessary in order to verify the
results from the statistical analysis (for future
work). This is to demonstrate that the factors and
levels chosen for the influential do provide the
desired results. Theinsignificant factors should be
set at their economic level during the verification
run/experiment. However, observations with some
out of range data for the general experimental
essentially for the crisp situation and continuing in
the particular range the fuzzycondition and this
could be seen as aflow:

1. Welding: Time this factor strongly effects on
tensile strength measure. The mean value of
tensile strength in levels (0.15, 0.2, 0.25, 0.3,
0.35, 0.4, 0.45, and 0.5).

2. Sheet Material: This factor explicitly affects
the welding process and the mechanism of
joint product where it has a wide range of
levels.

3. Stud Material: This factor also effects in the
stud welding process, the different value of
tensile strength varies from one level to
another.

4. Sheet Thickness: Increasing sheet thickness; a
thicker sheet is stiffer during mechanical
testing and this minimizes the peel
characteristic of the tests and increases
strength.

5. Welding Current: This factor has the smallest
effect factor where the effect of tensile strength
in the level range (350 ampere) is 278.73
N/mn? for an instant.
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