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Introduction
As a part of the course IEE 572 "Design of Experiments", we conducted experiment on external thread cutting operation (Thread Chasing) using a single point cutting tool. When the factors, levels, ranges and response variables selected for the experiment are studied, the reason for the selection of Threading Process becomes obvious. There are several factors affecting the finish of the threads in the threading process, which can be varied easily. They are job speed, depth of cut, threads per inch etc. Factors like operator, machine, coolant flow rate and number of starts can be held constant. There are a host of nuisance factors like job batch, vibration of machine etc., to be taken care of.  We have a clear cut, easy to measure response variable – percentage deviation of obtained pitch from the estimated pitch of the threads cut. All of these make thread cutting operation, a good process to analyze.

The experiment was conducted on a Center Lathe, provided by IMEL. The measurements of the response variable (pitch of the threads) were measured using a Shadowgraph, provided by Research Lab Services. The experiment is three-factor, three-level with a single replicate. Randomized order of the experimentation was obtained using Design Expert software. The raw material used was soft Aluminum (Grade 361).  The threads were manufactured as per the run order, values of pitch of the threads cut were tabulated, percentage deviation was estimated and the results were analyzed using Design Expert.

Thread Cutting operation

Nomenclature of the thread is explained in the following figure.
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Lead is the amount a screw thread advances in 360
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 turn.

Pitch is the distance from center to center of two adjacent crests or 5troughs. On the standard single start screw, the pitch and lead are the same. On double or triple start screws, the lead is two or three times the pitch respectively. The reciprocal of the pitch is the threads per inch.

I .
Recognition and statement of the problem

Determining the influence of Design factors on the quality of threads produced in a thread cutting operation

II .
Choice of factors, levels and range
Factors

a) Design factors:

The underlying principle in Design & Analysis of Experiments is to vary certain input parameters, which are considered to have a significant effect on the output of the process under study and observe the response variable of the system.  The input parameters chosen for such purposes are called Design factors.

Based on process knowledge, the following Design factors were chosen for the experiment to determine the factors affecting the quality of threads produced in a thread cutting operation.

(i) Job speed – The Lathe machine selected for the experiment has speed ranges from 45 rpm to 1800 rpm.  The speeds – 45, 70 & 90 were used for the three levels of job speed.

The speed of the job at which the threads are cut affects the quality of the threads obtained considerably. This reason is higher speeds tend to work-harden the job quickly, changing its skin hardness and thus the quality of threads cut.

(ii) Depth of cut - The least count or the minimal increments possible in the lathe machine chosen for the experiment is 0.0001”.  The values used were 0.0005”, 0.0010” & 0.0020” as the three levels of depth of cut. As the depth of cut increases, more and more material is removed towards the final passes, seriously affecting the quality of thread produced.

(iii) Threads Per Inch – The threads per inch selected does affects the quality of the thread cut. The pitch of the threads cut increases as the number of threads per inch decreases. As the pitch decreases, the threads have to be cut very closely, requiring a higher degree of precision in the process. Due to this we can expect the quality of the threads to deteriorate as the pitch decreases below a particular value. The values of the threads per inch selected for experimentation are 32, 22 and 11.

b) Held constant factors:

There are always more factors that affect the output response than those taken for study alone.  In order to accurately measure the effect of variation of design factors, the other influential factors have to be held constant.  These are the ones that fall into the held constant category.

It has been decided to hold the following factors at a constant level during the entire experiment.

(i) Coolant flow rate – The temperature of the work piece and that of tool tip may influence the quality of threads produced.  Hence flow rate of the coolant will be held a constant level so as to prevent over heating at all levels of the design factors.

(ii) Operator – The skill level and working style varies from person to person and consequently changing operator can induce an effect on the output of the experiment.  Therefore, only one of the team members will be operating the lathe machine during the entire thread cutting part of the experiment.  The same holds good for operating the shadowgraph instrument for measuring the threads.

(iii) Tool tip – The cutting tool used for the thread cutting operation will have a carbide tip.  The same grade of carbide tool will be used throughout the experiment.

(iv) Number of Starts – The type of thread cut is held constant all through the experimentation as a single start V thread.  

c) Allowed to vary factors / Nuisance factors:

Here we deal with factors that fall outside the purview of both the design factors and held constant factors.  It may not be feasible to keep every factor at a constant level during every step of the experiment.  Small variations in such factors have to be allowed, some of which are as follows.

(i) Tool Wear – The tool tip undergoes a small amount of wear for every job produced, and also during a single operation.  Due to tool post setting and other requirements, it may be viable to replace the tool tip only after completing the thread cutting operation on a certain number of work pieces.

(ii) Vibration of machine – The Lathe machine chosen for conducting the experiment is not a CNC machine tool, but a basic center Lathe with manual controls.  Vibration of the machine cannot be totally eliminated and this nuisance factor may have varying effects at different levels of design factors.

Levels

Three levels of design factors with a single replicate for each run.

Range

a) Job speed (in rpm):

(i) 45

(ii) 70

(iii) 90

b) Depth of cut (feed in inch per pass):

(i) 0.0005

(ii) 0.0010

(iii) 0.0020

c) Threads per inch

(i) 32

(ii) 22

(iii) 11

III .
Selection of response variable
The percentage deviation of the actual thread pitch cut from the estimated thread pitch is a good measure of the quality of the threads produced. It is the major factor affecting the ease with which a bolt mates with a nut. The actual thread pitch cut was measured using Shadowgraph and the percentage deviations were calculated.

Conclusions

Looking at the ANOVA table, we arrived at the conclusion that the main effects of factors A, B, and C and the interaction effects of AB and BC, are significantly affecting the deviation of the thread pitch. The normal plot of residuals looks okay. The plots of Residuals Vs Predicted and Residuals Vs Run are not showing any anomalies, or any specific patterns, which means that the factors taken into consideration for experimentation are indeed the ones affecting the process. The plot of Residuals Vs Depth of cut / pass do suggest that there is high variability at its level 2 (i.e. at depth of cut / pass = 0.001”).  

A regression equation for the experimental results that is more useful in arriving at conclusions, cannot be fit in this case. As the Design Expert Software package considers the factors as categorical, which means it would not allow an intermediate value of design factors. We optimized the factor levels using the Design Expert, fixing the deviation from pitch between the ranges of 0 to 0.5 %.  On observing the factor values that produce deviation between 0 to 0.5 %, we see that there are six solutions. But the Design Expert shows only four solutions as two of the six solutions have depth of cut / pass equal to 0.001, which has high variability. Hence these two solutions are not recommended by the Design Expert. The optimized solution set looks as shown below.

	Run
	Job Speed
	Depth of  Cut per pass
	Threads Per inch

	1
	70
	0.0005
	32

	2
	90
	0.0005
	32

	3
	70
	0.0005
	11

	4
	90
	0.0005
	11
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