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Abstract - The process capability of machines is an important aspect in Quality Management to decide whether or not a 
process is capable of meeting the required specifications. process capability measures the ability of a process of producing 
acceptable products according to the established specifications. The most common indicator used to measure the process 
capability is the process capability index. There are several Process capability Indices (PCI’s) to measure the process 
capability of machines. This paper uses CpK i.e., process capability index to measure the same. Prior to CpK measurement, a 
detail study of Routing compensation was carried out in the routing shop floor for four different machines against two 
parameters ; Router diameter and Stack height and the variations in compensation value were graphically plotted diameter 
wise and operator wise. The current situation was established in order to assess the present scenario and set up a target value 
for future scope of improvement. Correspondingly, CpK values were also generated for the current situation. Post corrective 
measures and actions there was a significant improvement in the CpK-value. Finally the results were statistically compared 
to know the improvement. 
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I. INTRODUCTION 
 
The problem of ensuring the quality of products is a 
very common practice in many companies and 
industries. This issue is a clear example on the 
management literature regarding how managers take 
decisions based on data. The process capability index 
is the main indicator used to measure the capability 
analysis. The process capability index evaluates a 
production process and indicates if the process is 
capable, i.e., it is prepared to produce items with the 
required specifications. The capability analysis is 
considered as a very important aspect in many 
manufacturing industries, and for this reason several 
researchers have conducted studies related to 
capability indices. Relevant references are Anis, 
2008, Besseris, 2014, Bissell, 1990. A process 
capability index is based on specification limits, also 
named as tolerances. We assume two-sided 
specification limits defined by the lower specification 
limit (LSL) and the upper specification limit (USL), 
and which generally indicate ranges of acceptance 
quality characteristics. In other words, a product is 
considered as acceptable if its characteristics are 
within the specification interval [LSL, USL]. For 
example, the specification limits for the volume of 
bottles may be specified as 2 litres ±0.05 litres, which 
indicates that LSL=1.95 litres and USL=2.05 litres. 
One-sided specification limits can be also defined. 
For example, the volume of bottles may have the 
lower specification limit LSL=1.95, but not an upper 
specification limit. A process capability index is also 
based on the process standard deviation, which is 
denoted as σ. In practice, the parameter σ is 
unknown, and the use of an estimator is required in 
this situation. Traditionally, the technique used for 

the estimation of σ consists in selecting m samples 
with the same size n. Simple random sampling 
without replacement is the most common sampling 
design used to select the various samples. Note that 
the m samples must be obtained when it is known that 
the process is stable. The information collected from 
these samples is used for the purpose of estimating σ. 
The main objective of this paper is to analyse the 
existing process variation, by means of detailed 
compensation study and then reducing the process 
variations post corrective measures and actions so as 
to arrive at a stable condition. Also the process 
capability index was evaluated for the process prior to 
measures taken. The calculation of which is briefly 
discussed below. 
 
1. Mathematical Symbols and Notations. 

 
 
II. LITERATURE REVIEW 
 
Kane (1986) developed Cp and Cpk indices, which 
are commonly used in industry to evaluate single 
quality characteristics in mass production. Cp and 
Cpk indices assume that the quality characteristic is 
normally distributed, and can be expressed as 
follows: 
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Sometimes, a customer will provide a one-sided 
specification i.e., unilateral specification. The indices 
Cpu and Cpl were developed for these situations and 
are defined as: 

 
The index Cpu compares the distance between the 
process mean and the upper specification limit to the 
upper half-width of the distribution. Similarly, Cpl 
compares the distance between the process mean and 
the lower specification limit to the lower half-width 
of the distribution. The indices show the relative size 
of the working margin, i.e. the closeness of the 
distribution to the specification limit. 
 
a. Calculation of Process capability Index. 
The aim of a capability analysis is to evaluate the 
ability of a process to produce products within the 
specification limits, which are defined by the lower 
specification limit (LSL) and the upper specification 
limit (USL ). Process capability can be defined as a 
measure of inherent variability in a process as 
compared to the requirements of the product. Process 
capability indices (PCIs) such as Cp and Cpk are 
quantitative measurements to evaluate the process 
capability ( Kane, 1986 and Montgomery, 2001). The 
capability analysis reveals whether the process 
produces conforming items, i.e., the quality 
characteristics of the products are within the 
specification limits. Corrective actions are required 
otherwise. For example, a corrective action can be to 
expand the specification limits. In addition, an action 
to improve the quality of the process can be also 
applied. 
The process capability ( Cp), which is defined as the 
ratio of the width of the specification limits to the 
width of the natural tolerance limits of the process, is 
given by, 

 

where 6σ is the width of the natural tolerance limits, 
CpK is the index of process capability. 
(Note that one-sided process capability indices can 
also be defined) 
 
III. SIX SIGMA 
 
Six Sigma is a comprehensive and flexible system for 
achieving, sustaining, and maximizing business 
success by minimizing defects and variability in 
processes. It relies heavily on the principles and tools 
of TQM. It is driven by a close understanding of 
customer needs; the disciplined use of facts, data, and 
statistical analysis; and diligent attention to 
managing, improving, and reinventing business 
processes. 
 
Six Sigma is a disciplined, data-driven approach and 
methodology for eliminating defects (driving toward 
six standard deviations between the mean and the 
nearest specification limit) in any process – from 
manufacturing to transactional and from product to 
service. 
 
A six sigma process is one in which 99.99966% of all 
opportunities to produce some feature of a part are 
statistically expected to be free of defects (3.4 
defective features per million opportunities). 
Motorola set a goal of "six sigma" for all of its 
manufacturing operations, and this goal became a by-
word for the management and engineering practices 
used to achieve it. 
 
The process capability index can give three different 
conclusions. 
 A value of the process capability index equal to 1 

indicates that the process variability is very 
similar to the specification limits. In this 
situation, it is said that the process is minimally 
capable, since a small variation on any parameter 
of the process can increase considerably the 
proportion of nonconforming items. 

 A value of the process capability index less than 
1 indicates that the process is considered unfit to 
produce items according to the specification 
limits, i.e., a significant proportion of 
nonconforming items is produced by the process, 
and this implies that the process requires 
corrective actions to solve this problem. 

 Finally, it is said that the process is capable of 
producing items within specification limits if the 
process capability index is larger than 1. In this 
situation, it is clear that the width of the 
specification limits is larger than the width of the 
process variability. 

 
Therefore, a larger value of the process capability 
index will increase the likelihood that the process 
keeps a good proportion of conforming items in the 
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presence of small changes in the process or 
specification limits. 
a. Routing. Routing is a high speed process of 
cutting, trimming, and shaping metal, plastic, and a 
variety of other materials. Routing and milling are 
conceptually similar. A router is a tool used to rout 
out (hollow out) an area in the face of a relatively 
hard work piece, typically of wood or plastic or 
metal. 

 
Figure 1.Different Routing Operations 

 
IV. COMPENSATION STUDY 
 
With plus 24000 RPM of high spindle speeds, the 
router tool is definitely going to vibrate. Such being 
the case routing operation will not take place in the 
confined path, rather material removal would occur at 
an offset distance from the specified path. 
 
So in order to adjust this, compensation value is given 
in the program. There are servo motors installed in 
the machine, that reduces the tool vibrations. 
Definition- Compensation is the adjustment given (in 
terms of a numerical value) in the program so as to 
mitigate the variations in routing dimensions which 
are otherwise caused due to high router vibrations. 
 
V. ESTABLISHMENT OF CURRENT 
SITUATION 
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CONCLUSION 
 
Proposed corrective measures & actions. 
 To reduce jig thickness from 8mm to 6mm and 

the backup strip thickness from 2.4mm to 1.4mm 
so as to avoid dust formation and dust 
accumulation. 

 Additionally, it can accommodate 2 more layer 
of panels thereby utilizing the complete router bit 
length for routing. 

 And that the idea will increase the productivity 
by routing more part numbers in the same cycle 
time. 

 A specific lot no.BE7510 requires internal 
routing to be done first and external routing next. 
It was proposed to reciprocate the 2 operations, 
for the following 2 reasons : 

 The internal routing operation was carried out in 
the close vicinity of copper deposition as a result 
of which tool life of the router bit was getting 
consumed considerably in the first routing 
process. Because copper offers greater resistance 
to tool traverse than glass epoxy material. 

 This created problems in the dimensional 
accuracy when the same router bit had to do 
Box/external routing. 

 It was also proposed to maintain 2 different 
router bits, a fresh one for box routing and used 
one for internal Routing. 

 A new router bit whilst external routing doesn’t 
encounter much resistance to tool movement. 
Thus tool life is sustained. 

 Using this router bit for internal routing would 
optimize the tool life. 
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