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Abstract: This paper presents several methods of rationalizing group decisions under uncertainty. 

There are showed research and results from the use of multi-criteria decision optimization 

methods for the particular case of performing the brazing joints of aluminum alloy parts directly 

applicable in aeronautic industry.   
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INTRODUCTION  

There are many situations where the manufacturer may be put in a position to choose 

between several technological processes to produce components / products. Also, within each 

set technological process can be done an optimization regarding the technological parameters 

required to achieve the product. 

For the reasons mentioned above, in the management unscheduled problem-solving 

process, identify problems, setting goals, formulating alternatives and selection decision, can 

be made by group interactive methods. 

To make a decision in a group means to find a rational rule to lead from the individual 

preferences to a representative arrange for the entire group. It was found, however, that there 

is no rule of universal rationality, but only relative rules applied in certain specific 

circumstances. The difficulty of participatory decision-making requires consideration of the 

relative importance of decision-makers by providing importance coefficients. Accordingly, 

group decision rationalization can be made using either type of multiple criteria decisions for 

example: global utility method, ELECTRE method, etc. [1]   

 

BASIC ELEMENTS IN APPLYING THE ELECTRE METHOD 

The ELECTRE (Elimination et Choix Traduisant Real) method was designed by 

Bertrand Roy in 1967. It consists in analyzing pairs of variants Vi (i = 1-m) according to 

several criteria Cj (j = 1-n). Compare the only options that remain after the first phase of 

selection applied. 

Ties selected variants is done using two categories of indicators: concordance and 

discordance, which is built on iterative graph priorities of alternatives [3]. 

The concordance index (αkl) highlights the extent to which a variant Vk marks on the 

basis of criteria, another variant Vl. 

According to this method of multiple criteria decision making, this are the steps to be 

followed: 
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Step I: utility variants calculation for each criterion and importance coefficients, 

resulting a table; 

Step II: concordance index calculation, equation (1), the decision alternatives: 

 

 

(1) 

where:   c(Vg,  Vh) is the concordance index between variant g and variant h; 

ΣKj  to be done for those j that Ugj≥ Uhj. 

The concordance index shows how much variant Vg outranks variant Vh. From these 

calculations, the concordance index matrix for all decision alternatives considered can be 

formed in Table 1.: 

 
 Tab.1. Concordance index matrix. 

Variant  V1 V2 ... Vm 

V1 - c(V1, V2) ... c(V1, Vm) 

V2 c(V2, V1) - ... c(V2, Vm) 

... ... ... - ... 

Vm c(Vm, V1) c(Vm, V2) ... - 

 

Step  III:   discordance index calculation   is calculated by 2: 

 

(2) 

 

where: - d(Vg, Vh) is the discordance index between Vg and Vh. 

       -  E is the maximum gap between the minimum and maximum utilities values (usually 

takes value 1). 

The discordance index shows how much variant Vg is obsolete by variant Vh. After the 

calculation, the discordance index matrix is formulated as in table 2. 

 
Tab.2. Discordance index matrix. 

Variant  V1 V2 ... Vm 

V1 - d(V1, V2) ... d(V1, Vm) 

V2 d(V2, V1) - ... d(V2, Vm) 

... ... ... - ... 

Vm c(Vm, V1) c(Vm, V2) ... - 

 

Step IV: Upgrading alternatives and choosing the optimal based on the construction of 

the corresponding graph.  

Alternative 1. 

This graph can be obtained as follows: 

 decision variants are drawn by points; 

 max c(Vg, Vh) and min d(Vg, Vh) are settled; 

 the values of the concordance index are noted descending; 
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 the values of the discordance index are noted ascending; 

 a table as the one showed below will be drawn: 

 
Tab.3. The values of the discordance index. 

p max c(Vg, Vh).............................................................min c(Vg, Vh) 

q min d(Vg, Vh).............................................................max d(Vg, Vh) 

 p=max c(Vg, Vh) and q=min d(Vg, Vh) are established. When the following equations are 

satisfied simultaneously: 

 

c(Vg,Vh)≥p 

d(Vg, Vh) ≤ q 

(3) 

  

Vg

Vh
V1

V2

Vn
 

then variant g upgrades variant h, and the attached matrix graph is an arc orientated 

from Vg to Vh. 

 

 Further, the value of p diminishes and q's value increases, silhouetted graph 
each time, until a variant outperforms all others. The optimal variant is the one 
that outperforms all, the one appearing with the most connections. 

Alternative 2. 

 The decision calculation by the equation (3). 

Decision D is calculated as the difference between the concordance and discordance 

indexes, resulting table 4.4: 

Dij = c(Vg,  Vh)- d(Vg, Vh) (4) 

Tab.4. Decision values. 
Variant  V1 V2 ... Vm 

V1 - D(V1, V2) ... D(V1, Vm) 

V2 D(V2, V1) - ... D(V2, Vm) 

... ... ... - ... 

Vm D(Vm, V1) D(Vm, V2) ... - 

 

CASE STUDY REGARDING THE USING OF ELECTRE METHOD  

The aluminum based filler materials used for aluminum alloys brazing have liquidus 

temperatures closer to the solidus temperature of the base metal than those used for brazing 

other metals. For this reason, the careful control of temperature for aluminum brazing is 

necessary. Brazing temperature should be approximately 21
0
C under liquidus temperature of 

the base material [4]. 

Dip brazing 

The best way to heat and apply simultaneously the flux on the joints of aluminum 

alloy parts is to immerse the entire assembly in a bath of molten flux. Because of the low 
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specific heat of the flux, the assemblies are usually heated to 811K [6] prior to immersion in 

the flux. Dip brazing was successfully used in the manufacture of multiple and complex joints 

radiators. 

Dipping the whole assembly in the melted flux has several advantages: the heat is 

applied simultaneously and uniformly on all sides, and the remaining air between the 

assemblies is deployed, due to buoyancy, thus obtaining a favorable flow medium of the filler 

material. Moreover, uniform temperature allows the assembly of small sized components. 

Furnace brazing 

Furnace brazing is a highly productive method that requires minimal operator training 

and skills. Production rates can be significantly higher and the cost may be lower than for 

torch brazing. Hot air ducts of the airplanes that were furnace brazed require a very short 

brazing time compared to the torch brazing. 

Heating methods for furnace brazing include electric resistance heating and direct 

combustion in radiant tubes. Direct combustion furnaces are cheap, but oven gases may cause 

unwanted metallurgical effects during heat treatable alloys as the 6xxx series.  

Vacuum brazing without flux 

Furnace brazing in vacuum without using flow provides the following major 

advantage: the flux inclusions can be suppressed. Retasurile, tortuous parts, small equalizing 

channels can be designed without taking into account the removal or displacement of flux 

after brazing. Brazing without flux eliminates the flux cost and its applications, that need to 

clean the assembly after brazing. 

Torch brazing 

Torch brazing be used for either manufacturing operations, or manually or 

automatically repair. Torch brazing is used from simple tube-tube connections to complex 

mechanical assemblies. 

Oxyacetylene flame burners are used (used also for welding), with oxyhydrogen flame 

or oxygen-only; there can be used gas burners for maintaining the combustion. Because 

aluminum does not change color when subjected to heating process, methods to determine the 

melting degree are needed. The flux should be one that melts at a temperature slightly below 

that of the filler material, thus serving as a temperature indicator. Alignment devices should 

be isolated to avoid excessive heat conduction. 

Oxyacetylene torch brazing is similar to oxyacetylene welding by the fact that the  

effect of applied heat is locally. Flame sizes used are similar to those used in the inert gas 

welding. The choice of brazing type and of the gas pressure are technological parameters that 

depend on the thickness of the parts and the materials used and can be determined [5]. 

Resistance brazing 

Aluminum alloys brazed by resistance are often small parts. The principle consists in 

winding an electrical resistance around the pieces. Before assembling, flux and filler material 

are applied in the quantities needed. A typical application is the connections in the electric 

motor. Usually, the assembly is secured  for heating between the two pieces of graphite that 

are part of a clamping device. 

Values given represent the importance ranking of each criterion in the analysis and  

were based on the following justification:  5 - extremely important criterion;  4 - very 

important criterion; 3 - important criterion; 2 - sufficient criterion; 1 - necessary criterion. 
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By giving a mark to each variant analyzed of the brazing process, by reference to 

optimization criteria, resulted the values given in Table 5. 

 
Tab.5 Centralized values, procedures,  marks, importance coefficient and importance criteria 

Nr. 

         Criterion 

 

Procedure 

Material and 

labor cost 
Joint quality Productivity 

Application 

possibility 

Machine 

complexity 

1 Furnace brazing 1 2 5 1 1 

2 Torch brazing 5 4 3 5 5 

3 Dip brazing 2 1 4 3 2 

4 Resistance brazing 4 3 1 4 4 

5 Vacuum brazing 3 5 2 2 3 

6 
Importance 

coefficient Ki 
3 2 1 3 1 

 

Setting ratings of the five characteristics according to the literature [2] and [3] 

provides concrete data on production using the aforementioned brazing processes. This list is 

provided in Table 6. 

 
Tab.6 Marks criteria. 

MARK 
Material and 

labor cost 
Joint quality  Productivity Application possibility 

Complexity of the 

machines 

1 
very high 

price 
very low quality unique 

very difficult to apply the 

tools and related devices 

very high 

complexity 

2 high price low quality 

applicable to a very 

small number of 

manufacturing 

difficult to apply the tools 

and related devices 
high complexity 

3 medium price medium quality 

applicable to a small 

number of 

manufacturing 

medium to apply the tools 

and related devices 
medium complexity 

4 low price good quality 

applicable to a large 

number of 

manufacturing 

easy to apply the tools 

and related devices 
low complexity 

5 very low price very good quality 

applicable to a very 

large number of 

manufacturing 

very easy to apply the 

tools and related devices 
very low complexity 

After calculation, and applying equations (1),(2) and (4), resulted the values indicated in 

the following tables. 

 
Tab.7 Concordance index values. 

cij Furnace brazing Torch brazing Dip brazing Resistance brazing Vacuum brazing 

Furnace 

brazing 
 0.1 0.3 0.1 0.1 

Torch brazing 0.9  0.9 1 0.8 

Dip brazing 0.7 0.1  0.1 0.4 
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Resistance 

brazing 
0.9 0 0.9  0.7 

Vacuum 

brazing 
0.9 0.2 0.6   

 
Tab.8 Discordance index values. 

dij Furnace brazing Torch brazing Dip brazing Resistance brazing Vacuum brazing 

Furnace 

brazing 
— 0.44 0.22 0.33 0.33 

Torch brazing 0.22 — 0.11 0.11 0.11 

Dip brazing 0.11 0.33 — 0.22 0.44 

Resistance 

brazing 
0.44 0.22 0.33 — 0.22 

Vacuum 

brazing 
0.33 0.33 0.22 0.22 — 

 
Tab.9 Decision values. 

Decision D Furnace brazing Torch brazing Dip brazing Resistance brazing Vacuum brazing 

Furnace 

brazing 
— -0.34 0.08 -0.23 -0.23 

Torch brazing 0.68 — 0.79 0.89 0.69 

Dip brazing 0.59 -0.23 — -0.12 -0.04 

Resistance 

brazing 
0.46 -0.22 0.57 — 0.48 

Vacuum 

brazing 
0.57 -0.13 0.38 0.08 — 

 

The arrows in the graphic will be drawn according to table 10. 

 
Tab.10 Comparison of the decision values and how to chart arrows. 

Decision Value 
Arrow 

orientation 
Decision Value 

Arrow 

orientation 

D12 -0.90 
2 → 1 

D24 1.00 
2 → 4 

D21 0.79 D42 -0.26 

D13 -0.90 
3 → 1 

D25 0.79 
2 → 5 

D31 0.57 D52 0.29 

D14 -0.69 
4 → 1 

D34 0.89 
3 → 4 

D41 0.13 D43 -0.67 

D15 -0.90 5 → 1 D35 0.79 3 → 5 

D51 0.68  D53 0.28  

D23 0.49 
3 → 2 

D45 -0.17 
5 → 4 

D32 0.68 D54 0.59 
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Based on the values indicated in table 9 and how to draw the arrows, table 10, resulted 

the graph show in figure 2. 

 
Fig. 2 Graph to establish the optimal brazing procedure. 

CONCLUSIONS:  

Following conclusions can be drawn after the optimization: 

- ELECTRE optimization method can be applied when determining the optimal method 

for brazing reconditioning of aluminum alloys components alloys; 

- The method has a subjective side, meaning that notes are provided by the person who  

applies it; 

- There is a risk of establishing wrong notes, importance coefficients, etc. for which 

always the obtained results will be verified by the practical application of the 

obtained information; 

- The results of the application can become the starting point for the reapplication of the 

ELECTRE method; 

- There is a limitation of the ELECTRE method that consists in the fact that for the 

concordance index, the calculation is made depending in the importance coefficients 

of the criteria, while the discordance index is calculated based on variants utility 

variants. This means that there is no homogenous basis to appreciate the outranking 

of one variant in front of another. 
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