APPLICATION OF SENSITIVITY ANALYSIS IN OPTIMIZATION OF BEAD GEOMETRY OF PTA HARDFACED VALVE SEAT RINGS
K.Marimuthu, N.Murugan* 

Coimbatore Institute of Technology, India
abstract.corresponding- kmcit@yahoo.co.uk
Hardfacing is the deposition of a filler metal on the surface of a base metal. Its purpose is to provide the properties or dimensions necessary to meet a given service requirements. The basic requirements are higher wear resistance, resistance to corrosion and resistance to deformation at elevated temperatures. Hardfacing is applied to the contact surfaces of the valve seats and movable guiding elements of valves in order to ensure and maintain for a long period of time “tightness of the body / disc – seating areas of valves” with the functions of closing, opening, throttling and controlling. Hardfacing by means of cobalt base alloys to obtain wear-resistant surfaces has been used in the valve industry since the twenties [1, 2]. 
Among the various welding processes that are used for the hardfacing of valve seats, plasma transferred arc hardfacing (PTA) is popularly employed because of its inherent advantages like high deposition rate, low penetration and dilution, and smooth weld surface profile with minimum finishing [3]. The selection of appropriate values of process parameters to get the desired quality of hardfaced layer is very important. The successful hardfacing requires optimization of the process parameters to have low dilution and a crack free overlay, which necessiates a thorough understanding of the process characteristics affecting the technological and metallurgical characteristics of the overlays. With a view to solve the above difficulties faced in PTA hardfacing of valve seat rings, an attempt was made to study in detail the various aspects such as mathematical modeling, optimization, and sensitivity analysis. 


The independently controllable process parameters affecting the bead geometry and quality were identified to enable the carrying out of the experimental work and developing the mathematical models, these being:  Welding current (A); Travel speed (S); Powder feed rate (F); Oscillation frequency (H); and Torch stand off (N). An automatic PTA surfacing system designed and fabricated by M/s Primo Automation System was employed to conduct experiments at M/s KSB Pumps Limited, Coimbatore. Hardfacing was carried out by depositing stellite -6 (Co-Cr.-A) onto carbon steel (ASTM-A105) ring of inner dia 93 mm, outer dia 120 mm and thickness 20.5 mm. The experiments were conducted by depositing a single layer with electrode negative (DCEN). Industrially pure Argon at a constant flow rate of 15 lpm for shielding, 5 lpm for Plasma, and 3 lpm for powder feeding were used. The selected design matrix was a central composite rotatable factorial design [4] consisting of 32 sets of coded conditions. Transverse cut specimens were obtained from the hardfaced valve seat rings and the bead profiles were traced as per the standard metallurgical procedures. Regression analysis was used to develop second order quadratic mathematical models to relate the process variables with the important bead parameters, namely, penetration (P), reinforcement (R), percentage dilution (%D), bead width (W), and total area (TA). 

The adequacy of those models was tested using F-test and R-test [5]. Validation of those models was further tested by drawing scatter diagrams, calculating R2 values and conducting conformity test runs and the average accuracy of the models was found to be about 95%. The direct and interaction effects of the process variables on each of the above response were studied and represented as two-dimensional plots. 


The main purpose of this study is to minimize the percentage of dilution of the bead geometry using other important bead parameters with their limits as constraints, in order to retain the metallurgical properties of deposited metal. The model is a nonlinear equation with constraints. The step-by-step procedure for minimization of dilution using the optimization module available in the toolbox of the MATLAB version 7.1 software packages was used. The objective function selected for optimization was the percentage of dilution. The bead parameters like penetration, reinforcement, width and total bead area were given as constraints of the equation. The optimum value of the percentage dilution was observed to be 2.05 with corresponding process variables of Welding current = 131 Amps; Travel speed = 124 mm/min; Powder feed rate = 24 grams/min; Oscillation frequency = 53 cycles/min; and Torch standoff = 6.5mm.


The following are the basic parametric changes affecting the optimum solution [6].
1. Changes in the levels of process parameters

2. Changes in the values of the constraints

3. The effect of including additional constraints

4. The effect of including additional variables

A thorough discussion of all the above changes is more tedious. Out of the four changes, the most common change that takes place in many problems are the change in the values of the constraints [7]. i e. the change in the value of the upper or lower limits of constraints. It is important to know what happens to the optimum value of the objective function when the constraint limits are changed. LaGrange multipliers provide information of sensitivity analysis and for the study on the benefit of relaxing a constraint or the penalty associated with the objective function.


Sensitivity analysis was carried out to predict the direct effects of important bead parameters on percentage dilution and the results are presented in graphical form. The results of the sensitivity analysis are much useful in understanding the interdependence of various weld bead quality parameters in controlling the percentage dilution to enhance the metallurgical properties and hardfacing quality. The sensitivity analysis of percentage dilution due to the change in the limits of constraints were recorded and analyzed.   
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