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Abstract: Critical geometrical attributes of precision machined parts 
plays a significant role in overall quality of the end assembly 
product. The measurement of these critical geometric attributes 
involves high lead time and is often carried out offline in production 
industries. This paper proposes an overall integrated approach for 
measurement and control of two major critical geometric parameters 
viz,. Perpendicularity and concentricity in machined cast iron 
crankcase of single cylinder reciprocating air compressor during its 
machining process. Initially an experimental set-up was designed & 
developed in order to identify the critical geometric parameters of the 
crankcase that affects the performance of the air compressor. 
Consequently, an approach devising an on-machine-measurement 
(OMM) system has been built in the machining process in order to 
capture the deviations in the geometric parameters while machining 
the crankcase. Based on this OMM data, a series of iterative 
procedural systems & algorithms have been developed and 
integrated in the horizontal machining centers of the machining 
process thereby enhancing the cognitivity of the machining process. 
The developed model is validated by real time measurements of the 
machined crankcases in co-ordinate measuring machines (CMM) 
and the critical geometrical parameters showed significant 
improvement within the desired specifications thereby proving the 
accuracy of the OMM data and the developed model 

1. INTRODUCTION 

The measurement & control of critical geometrical parameters 
of precision machined components gains extreme importance 
during its machining processes, as these parameters influence 
the quality of the end product to a very great extent. In 
precision machined components, unlike the dimensional 
parameters, the measurements of the various geometrical 
parameters like concentricity, perpendicularity, cylindricity, 
parallelism etc., are not carried out in line with the process 
accounting to various reasons. In majority of the cases, the 
reason is the inability of the measurement process to meet the 
pace of the production in downstream process owing to the 
high setup time and high cycle time elapsed for measurement. 
Indomitably, in most of the cases, the effect of the dimensional 

incompatibilities of these geometrical parameters could cause 
a heavy loss in terms of labour, cost, processing time and in 
quality of the end product. Hence these parameters are often 
inspected offline on sampling basis on corresponding co-
ordinate measuring machines (CMM) at fixed time intervals as 
per the process quality control plan. This eventually leads to a 
limited control over the critical geometrical parameters during 
the machining process, as any chance or attribute cause will 
lead to deviation of the geometrical parameters of individual 
components from the nominal value. The deviations in the 
geometric parameters of the machined component is greatly 
influenced by the presence of kinematic error in the machining 
centers due to the dimensional, wear and form errors of the 
elements of its kinematic linkage system. Hence in order to 
have a robust quality control on the machining process of 
these geometrical parameters, the process capability of the 
machines has to be well within the control and the error 
prediction & calibration of machines has to be carried out in 
regular basis.  

Handful of research work has been recorded on prediction and 
compensation of inherent geometric errors of machining 
centers that will greatly improve the accuracy of the 
machining process. Sharif Uddin M et al (2008) [1]identified 
the kinematic errors of a commercial five axis machining 
center with tilting rotary table by using DBB (Double Ball 
Bar) method and developed an error model for compensation 
of tool position & orientation using the measured geometric 
errors which can predict the error while machining. Soichi 
Ibaraki et al (2010) [2] came up with a methodology to 
formulate the kinematic errors of the five axis machining 
center from that of the geometric errors in the finished work 
piece. The formulated model is experimentally demonstrated 
on a commercial five axis machining center same as that of the 
one taken by Sharif Uddin M et al (2008) [1] and the estimates 
are compared to those estimated based on ball bar 
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measurements. In 2010 [3], he again came up with a 
methodology to calibrate the location errors of rotary axes in 
an accurate, efficient and automated manner. The idea was to 
calibrate location errors of the rotary axes by On Machine 
Measurements (OMM) of a test piece by using a contact type 
touch–trigger probe installed on the machine’s spindle. 
Investigations on the inherent geometric deviations of a five 
axis MCs with tilting rotary table was carried out by Tsutsumi 
M. et al (2013) [4] by using a measurement method (measured 
by two different settings of a ball bar in simultaneous three 
axis motion) based on cylindrical co-ordinate system. These 
geometric deviations are calibrated and to verify the 
effectiveness of this calibration method, the inherent 
geometric deviations were corrected through post processing 
of NC data for cutting of cone frustum. By application of 
OMM which involves a real time measurement data capturing 
from the machining processes, Myeong-Woo Cho et al (2002) 
[5] proposed an integrated error compensation method for 
profile milling operation by defining the surface errors with 
two parameters Werr and Derr and fitting these parameters 
using polynomial functions. The tool path is again corrected 
by an iterative algorithm by relating the cutting conditions and 
surface errors. In 2005 [6], he came up with a machining error 
compensation methodology for flat-end milling process based 
on polynomial neural network (PNN) trained using OMM 
inspection data. Shaowei Zhu et al (2011) [7] came up with a 
method that identifies & models the geometric errors of 
machine tools and compensates the errors by a software based 
method. 

However, all the works cited above are in particular on 
enhancing the accuracy of the machining center through 
various approaches that includes the concept of OMM and 
validation of the developed model with conventional tests like 
cone frustum test, flat end milling process & as software 
models were carried out. However when it comes for a 
specific industrial & mass production application, for instance, 
on the machining process of the cast iron crank case of the 
single cylinder reciprocating air compressors used in 
commercial vehicles for generation of compressed air, the 
application of OMM on improving the geometric parameters 
is an area where no or only limited works has been recorded. 
In this precision machined cast iron crank case; there are very 
critical geometrical parameters of concentricity & 
perpendicularity with maximum unilateral tolerance level of 
25µm. These geometrical parameters are very critical ones and 
any deviation of these from the nominal value affects the 
performance of the air compressor. Hence it is important to 
have an experimental model that validates & prioritizes the 
criticality of the geometric parameters of the machined parts in 
the compressor and an integrated approach to control it. This 
work proposes an experimental model to statistically arrive at 
the critical geometric parameters of the machined crankcase of 
a compressor and subsequently an integrated approach by 
using OMM in the machining processes of the crankcase has 

been discussed in order to enhance the cognitivity of the 
process and to have a better control over the critical 
geometrical parameters of the crankcase. 

2. IMPORTANCE OF THE GEOMETRIC 
PARAMETERS IN CRANK CASE OF 
RECIPROCATING COMPRESSORS: 

2.1 Air compressors 

Compressed air gains paramount importance in domestic, 
civil, automotive & industrial applications in day to day life. It 
plays a vital role as an unparallel energy source and aids in 
transfer & mobility. There are various types of air compressors 
that are used to compress the atmospheric air to the desired 
pressure levels based on the specific requirement of the 
application. The broad categorizations are the positive 
displacement (intermittent flow) & continuous flow type 
compressors. The positive displacement type compressors are 
classified as the reciprocating and rotary types where the latter 
further classified as sliding–valve type, liquid piston type, 
straight lobe type & helical lobe type compressors. The 
continuous flow type compressors are the centrifugal type, 
axial type & mixed flow types. In portable and compact usage 
applications, for instance, in automotives, the single acting 
reciprocating air compressor is preferred than any other types 
due to its high portability & energy efficiency. The 
reciprocating or piston type air compressor was the first design 
of an air compressor and till today it remains as a viable type 
of compressor for the right application. 

  

Fig. 1: 318 cm3 Compressor & its Crankcase  

There are lot of categories by which the reciprocating air 
compressors are classified, the major category being the piston 
bore volume (cm3) and the other categories are; Number of 
compression stages, cooling method (air, water, oil), drive 
method (motor, engine, steam, others), lubrication (oil, oil-
free), packaged or customer built. The compressor taken for 
the work is a proprietary (of M/s WABCO INDIA LIMITED, 
pioneer & leading air brake systems manufacturer in India) 
318 cm3 single cylinder, air cooled, engine mounted and gear 
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