OPTIMIZATION OF THREAD ROLLING PROCESS PARAMETERS USING TAGUCHI METHOD BASED DOE.
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Abstract. The functional behaviour of mating surfaces is substantially determined by the nature of the dimensional features characterized by the geometrical specifications and metallurgical conditions. High temperature and pressures in the zone of interaction between the mating surfaces of the roll and workpiece leads to heavy plastic deformation of the material and in turn substantial changes in the geometrical dimensions. This paper presents the influence of the rolling parameters on dimensional features of a rolled thread. The major diameter, pitch and angle of thread are considered for investigation by varying roll pressure, roll speed, cross feed, roll size and coolant.  Results show substantial change in the geometrical features with rolling parameters. Statistically valid conclusions are arrived at by employing Taguchi technique.
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1. INTRODUCTION
The quality of mating surfaces become more and more important to satisfy the increasing demands of sophisticated component performance, longevity and reliability [1]. The functional behaviour of a rolled thread relies on mechanical, metallurgical, thermal, chemical and geometrical properties. Thread rolling is one of the advanced metal forming technology presently employed widely in industrial practice. In thread rolling, high temperatures, steep temperature gradients and pressures in the zone of interaction between the roll and the workpiece material lead to substantial changes in the dimensional characteristics of a rolled component. These dimensional altercations in turn include micro and macro cracks, residual stresses and microstructural changes. So far very few have reported on the behaviour of a rolled thread from the aspect of dimensional features, thread rolling parameters and its influence on material behaviour. Design of experiments using Taguchi techniques will give the optimum results in less time with minimum number of experiments [2]. With this technique it is easy to identify the behaviour of response by varying a number of factors at different levels with least possible experiments [3]. Today design of experiments using Taguchi approach is one of the most attractive quality building tools used in several manufacturing industries. The objective of the present investigation is to study the effect of thread rolling process parameters on the quality of the physical dimensions and to determine the optimum thread rolling conditions.
2. EXPERIMENTAL DETAILS
For the present study, medium carbon steel (0.4% C) specimens of size diameter 20mm and length 30mm were used to conduct experiments. Care has been taken while preparing the samples, so that it should not cause any surface altercations in the material. The chemical analysis of the specimen is indicated in Table 1. The microstructure of the specimen used for the study is shown with ASTM Grain Size Measurement at 10x in Fig.1.
Table 1: Chemical composition of the specimen (%wt.)

	C
	Si
	Mn
	P
	S
	Cr
	Mo
	Cu
	Ni

	0.4
	0.08
	0.59
	0.01
	0.03
	0.09
	0.01
	0.13
	0.11
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Fig.1. Microstructure of the specimen.

A two-die thread rolling machine of 100 tonne capacity was used for thread rolling on the specimens. Experiments were conducted based on the Taguchi’s L8 orthogonal array. Qualitek-4 software was used for design of the experiments. QUALITEK-4 (QT4) Version 4.75 is the software used for Automatic Design and Analysis of Taguchi Experiments. The L8 array has been modified for one factor at four levels and four factors at two levels. With the help of this modified orthogonal array it is possible to get the influence of main effects of factors with just “8” experiments instead of 41 x 24 = 64 experiments [6]. The factor and their respective levels are indicated in 
Table 2 and orthogonal array is indicated in Table 3.
Table 2: Factors and its various levels
	Factors
	Level 1
	Level 2
	Level 3
	Level 4

	Roll Pressure
	5N/m2
	15N/m2
	20N/m2
	25N/m2

	Roll Speed
	1400rpm
	2400rpm

	Cross Feed of workpiece
	0.05mm/min
	0.1mm/min

	Roll size
	Φ20 x 20mm
	Φ25 x 25mm

	Coolant
	Water
	Oil


Table 3: Orthogonal Array by Taguchi method based DOE
	Trial No.
	Roll Pressure 
	Roll speed 
	Cross feed of workpiece 
	Roll size
	Coolant

	1
	1
	1
	1
	1
	1

	2
	1
	2
	2
	2
	2

	3
	2
	1
	1
	2
	2

	4
	2
	2
	2
	1
	1

	5
	3
	1
	1
	1
	2

	6
	3
	2
	2
	2 
	1


	7
	4
	1
	1
	2
	1

	8
	4
	2
	2
	1
	2


Other Thread rolling parameters:
Roll specifications: Ф125 x 20 x M20
Thread specifications: M20 x 2.5 x 30
The major diameter, pitch and angle of rolled thread are measured in a profile projector interfaced with a computer using Deltasoft Metrology Software. Interpretation of results were carried out by ANOVA analysis. The percent contribution of each factor was determined by ANOVA analysis and optimum thread rolling conditions were arrived at employing the “Nominal the better” strategy.
Table: 3(a). Physical Dimensions of the Rolled Thread ( From the Confirmation Experiment)

	Character
	Major  Diameter    (mm)
	Minor Diameter    (mm) 
	Pitch  (mm)

	Experiment No:
	
	
	

	1
	19.748
	16.538
	2.436

	2
	19.943
	16.846
	2.397

	3
	20.087
	17.075
	2.514

	4
	20.247
	17.019
	2.697

	5
	20.346
	17.125
	2.600

	6
	20.699
	16.875
	2.654

	7
	20.897
	16.942
	2.587


3. Results and Discussion
The major diameter values indicate that there is an increase in its specified limits with increase in applied roll pressure and roll speed. It decreases with increase in cross feed of work piece. There is no change in major diameter with other thread rolling parameters under study. The variation of major diameter with rolling pressure, roll speed and roll feed are shown in Fig.2, Fig.3 and Fig.4 respectively. The variation of the physical dimensions of the rolled thread, which are caused due to the rolling process parameters are tabulated as results in Table 4.
Table 4: Variation of geometrical features with thread rolling parameters

	Thread Rolling parameters
	Major Diameter
	Pitch
	Thread Angle

	Increase in Roll Pressure 
	Increases
	Increases
	Increases

	Increase in Roll Speed
	Increases
	Decreases
	Decreases

	Increase in Cross Feed 
	Decreases
	Increases
	Increases

	Increase in Roll size
	Increases
	Increases
	Decreases

	Dry to Coolant
	No change
	No  change
	No change
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           Fig.2. Major Diameter Vs Roll pressure

            Fig.3. Major Diameter Vs Roll Speed
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          Fig.4. Major Diameter Vs Cross Feed
The results indicate that the variation in the physical dimensions of the rolled threads is based on the rolling pressure, rolling speed and feed conditions. Thread rolling process parameters have influence on the geometrical dimensions. Results also indicate that there is no relation between dimensions of the rolled thread with surface finish. Major diameter, pitch and angle of thread values with respect to rolling pressure, roll speed and workpiece feed showed good relation to each other.
4. ANOVA ANALYSIS
Analysis of Variance (ANOVA) is a statistically based decision tool for detecting any differences in average performance of parameter tested. This ANOVA method is based on least squares approach, the error variance is equal to the minimum value of the sum of squares about some reference value divided by the degrees of freedom for error [5]. The ANOVA analysis is indicated in Table 5. During the analysis the property of orthogonality is undisturbed.
Table 5: ANOVA table for major diameter
	Factor
	DOF (f)
	Sum of Squares (SS)
	Variance (V)
	F – Ratio (F) 
	Pure Sum (S)
	Percent Contribution (%)

	Roll pressure
	3
	.206
	.068
	-
	.206
	48.987

	Roll Speed
	1
	.175
	.175
	-
	.175
	41.487

	Cross Feed 
	1
	.032
	.032
	-
	.032
	7.758

	Roll size
	1
	0
	0
	-
	-
	0.038

	Coolant
	1
	.007
	.007
	-
	.007
	1.704

	Error 
	0
	-
	-
	-
	-
	-

	Total
	7
	.422
	-
	-
	-
	100


ANOVA analysis indicated that the rolling pressure has 48.9% contribution to dimensional variation and the roll speed has 41.5% contribution. The percent contribution indicates that the relative power of a factor to influence variation. If the factor levels were controlled precisely, then the total variation could be reduced by the amount indicated by the percent contribution. The results show that the roll pressure and the roll speed have more influence on physical dimensions produced. But the error degree of freedom is zero, then it is necessary to pool some factors for correct interpretation of results. The influence of overall roll size and coolant is not much significant. It is much appropriate to pool these factors. Table 6 indicates the ANOVA analysis after pooling overall roll size and the coolant used. 
Table 6: ANOVA table for major diameter after pooling
	Factor
	DOF (f)
	Sum of Squares (SS)
	Variance (V)
	F – Ratio (F) 
	Pure Sum (S)
	Percent Contribution (%)

	Roll pressure
	3
	.206
	.068
	18.737
	.195
	46.414

	Roll Speed
	1
	.175
	.175
	47.607
	.171
	40.651

	Cross Feed 
	1
	.032
	.032
	8.902
	.029
	6.892

	Roll size
	Pooled Factor

	Coolant
	Pooled Factor

	Error 
	2
	.007
	.007
	.003
	-
	6.043

	Total
	7
	.422
	-
	-
	-
	100


Table 7: Optimum conditions and performance of major diameter
	Factors
	Level Description 
	Level

	Roll Pressure
	20 N/m2
	3

	Roll Speed
	2400 rpm
	2

	Cross Feed
	0.05 mm/min
	1

	Roll Size
	Φ25mm x 25mm
	2

	Coolant
	Oil
	2


After pooling the overall roll size and coolant factors also roll pressure and roll speed have 46.414% and 40.651% contribution respectively on the produced major diameter. The precise control of roll pressure and roll speed reduces the variation in geometric features to a greater extent. The error degree of freedom is ‘2’ and its percent contribution is around 6%. If the percent contribution due to error (unknown and uncontrolled factors) is less than 15%, then it is assumed that no important factors were omitted from the experiment. This leads to a conclusion that in the present analysis experimentation was done properly by considering important factors. [16]
By considering the “Nominal the Better” strategy the optimum thread rolling conditions can be derived. In the present analysis the optimum thread rolling conditions are Roll pressure 20 N/m2, Roll speed 2400 rpm, Cross feed of workpiece 0.05mm/min.
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Figure 5. Contribution of Major Factors

The confirmation of experiment analysis showed that the experiment is within 88% confidence level. The error in the experiment is reasonably low. Confidence interval is +/-0.1135. Expected results at optimum conditions: 0.57+/-0.1135.

5. CONCLUSIONS
Taguchi Overall Evaluation Criteria of the experiments gave the best performance condition. A combination of factors and their levels involved in the thread rolling process was identified. The design of experiments using Taguchi technique has proved to be economical in optimization of thread rolling process parameters.  The roll pressure and the roll speed have major contribution in controlling the major diameter. Influence of overall roll size and coolant on dimensions of the thread is less. The optimum thread rolling conditions are arrived for “Nominal the Better” strategy for major diameter, pitch and angle of thread.
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