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Bringing the science to shopfloor 
manufacturing
Traditionally grinding process is treated as something very complex and known only 
to a few with many years of experience and with specialised skills in the shop floor. 
A portable diagnostic tool and interpreting the process signal is changing the 
situation and helping to reduce such challenges faced in grinding.

Grinding process plays a major role in controlling the 
quality requirements of components in terms of dimension, 
form, finish and surface integrity. Apart from these 
requirements, the cycle-time and grinding costs are also 
important for the effective use of grinding as a manufacturing 
process. Traditionally grinding process is treated as something 
very complex and known only to a few with many years of 
experience and with specialised skills in the shopfloor. 

This view is being challenged by a compact, portable 
diagnostic tool developed at IIT Madras. The signals obtained 
using this diagnostic tool together with suitable analysis 

methods can be used to study the performance of the grinding 
process. The grinding process is influenced by the grinding 
wheel, component geometry and material properties, machine 
tool features as well as grinding process conditions all working 
together as a system. No one person has expertise in all of these 
areas. But, using in-process signals together with suitable 
analysis techniques is enabling engineers with only a few years 
of experience to study and solve a wide range of grinding 
process problems in the field. This technology transfer for 
industrial use is being driven by Micromatic Grinding 
Technologies Ltd (MGTL), a machine tool company that insists 
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on finding new ways to support the customer process needs.
Figure 1 shows a schematic arrangement of a power cell to 

monitor the power drawn by spindle motor and a displacement 
sensor (LVDT) to measure the infeed of wheel head during 
grinding of a component in a cylindrical grinding machine.

The output of the power cell and LVDT are analog signals. 
They are converted into digital form with a data acquisition 
(DAQ) unit. This data is then analysed using LabVIEW 
software. Figure 2 shows a typical signal captured using this 
diagnostic device connected to the grinding machine. This 
signal represents the signature of grinding process while 
grinding the component. In figure 2, a series of sections are 
identified, which represent the approach (Sections 1 and 2), 
rough grinding (Section 3), semi-finish, finish, spark-out and 
retract (sections 4, 5, 6 and 7 respectively) portions of a typical 
grinding cycle.

Signal analysis and inferences

The variation of power in different stages of a grinding cycle 
over time can be used to infer the drift in grinding process 
behaviour. During grinding, the grinding wheel undergoes 
changes such as grit wear, fracture of bond, loading of chips 
into pores due to which the power shows an upward trend. This 
also reflects the increase of forces during grinding. Conversely, 
bond erosion and fracture and falling out of grains expose new 
grains leading to lower grinding power. This decline in power 
may be good or bad depending on the part quality requirements 
and process economics! All of these have impact on the quality 
of parts produced, interval between skip dressing and the 
process economics.

The effectiveness of diagnostic tool in assessing the 
performance of the grinding process can be demonstrated 
through a set of simple experiments. Figure 3 shows the 
variation of power in different stages of cylindrical grinding 
cycle with fine and coarse dressing the grinding wheel prior to 
grinding. In both cases, the grinding cycle used is the same as 
seen from the plot showing the same displacement graph or 
infeed during the grinding cycle. The power drawn by the 
spindle motor in different stages of grinding cycle clearly shows 
that the power is consistently higher in the grinding cycle with 
fine dressed wheel. Visually recognising the variations in the 
signals and making decisions based on them is called as feature 
recognition. “Further analysis of the signals and explaining the 
variations in terms of the microscopic interactions that occur 
in the grinding zone, brings the science of grinding to the 
shopfloor,” according to Dr K (Subbu) Subramanian, President, 
STIMS Institute Inc, USA. He has been mentoring this work at 
IIT Madras and its subsequent transfer for industrial use. This 
work at IIT Madras has been carried out as part of a larger 
project, “Development of Next Generation High Precision 
Grinding Machine Tool,” funded by the Office of the Principal 
Scientific Adviser to the Government of India. Prof Ramesh 
Babu is the principal investigator of this project along with his 
students at IIT Madras. MGTL, an industrial partner in this 
project is commercialising this mobile diagnostic tool as Grind 
TrakTM. 

According to MGTL, this mobile diagnostics can be used in 
three ways: Solve process problems, which are otherwise seen 
as a constant fire-fighting on the shopfloor with endless trial 
and error effort; Improve the processes to achieve better quality 
or faster cycle time or both; Audit the process to check and see 

Figure 1: Schematic arrangement of a portable diagnostic tool for 
grinding processes
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if the actual performance on the floor are consistent with the 
process engineering specifications and look for opportunities 
for improvement based on process science.

Problem solving 

There are several specific problems that occur during 
grinding like burn, chatter, inconsistent process, etc. In 
general, solving such problems needs very good 
understanding of the grinding system. Even after such 
understanding, it needs a lot of trials to identify the element/
process parameter/exact portion of the grinding cycle 
causing such problems. Grind TrakTM signal can be used to 
identify such element/process parameters causing the 
problem directly or with minimum of trials. Few examples 
are given here to demonstrate such use of Grind TrakTM.

Burn can be characterised by excess heat generated during 
grinding. When it is retained in the work piece, results in 
visual burn, surface cracks or subsurface damage. Unlike 
traditional trial and error method, Grind TrakTM signals can 
be used to determine the exact location during the grinding 
cycle causing the burn on the component as shown in the 
figure 4. The grinding cycle consists of three parts: roughing, 
semi-finish or finish and spark-out. It is noted that there is a 
spike in the power signal at the beginning of the semi-finish 
portion of the grinding cycle. Such unexpected and 

unwarranted spike in the power signal is always associated 
with excess heat generation that the part has to absorb, 
resulting in the work piece burn. There could be several 
causes for this power spike in the middle of a grinding cycle 
such as unexpected changes in machine slide movements, 
CNC program error, momentary shifting of the coolant line, 
etc. With the location of the power spike during the grinding 
cycle as the reference, we can now systematically address the 
source of the problem. “It is like using a torch light in a dark 
ally. Once the light of the signal shines, we can see the path 
more clearly and easily,” states Dr Subramanian.

Inconsistency in surface finish of the ground component 
represents an unstable grinding process. Such inconsistency 
could be due to the grinding wheel specification selected, 
improper grinding cycle, dressing process or parameters 
used, unstable grinding system or combination of all. Analysis 
of grinding process signals with the system knowledge helps 
to breakdown the reason behind the inconsistency and solve 
the problem with minimum of trials, according to the MGTL 
engineers. They have used in several other applications Grind 
TrakTM for the process signature along with their education in 
the System Approach for grinding processes to analyse the 
signals: Reduce or eliminate roundness issues and improve 
size holding; Eliminate inconsistent or random variations in 
part quality; chatter and problems associated with poor 
incoming part quality, etc.

Figure 2: Signature of the grinding process Figure 3: Effect of coarse vs fine dressing
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Figure 4: Grinding process signal showing a power spike associated with burn 

Process improvement

Bringing science to shopfloor need not be only to better 
manage the existing process. It can also be to improve the 
process to achieve better quality, more capacity or throughput, 
which permits meeting new production demand, without the 
cost and time associated with installation of new capacity 
thanks to Grind TrakTM signals. In a recent example, a 
grinding process was the bottleneck operation, limiting the 
production of the entire line. By looking at the signals obtained 
and analysing them, it was determined that the cycle time for 
this operation can be reduced resulting in a net increase in line 
throughput of 40%, without the need for any additional 
investments.

In some cases, parts require long and complicated 
grinding cycles. It is nearly impossible to visualise these 
details. But with suitable process signals such cycles can be 
studied and improved.

Process audit

There are many opportunities for problem solving and 
process improvement: percentage of motor power consumed, 
very short cycles where one or few seconds can make a huge 
difference, dressing process and inappropriate skip dress 
slowing down the production rate, etc. These problems and/or 

opportunities must be identified and prioritised first through 
suitable auditing, to establish the priority and the most 
economic benefit achievable, according to MGTL engineers. 

Looking into the future

Auditing the current production critically and targeting 
the right problem to solve using science and engineering for 
maximum impact is part of the System Approach training 
offered in the past three years through a program offered by 
IMTMA. This year IIT Madras will offer a week long course 
on System Approach for Precision Grinding Processes as 
part of their GIAN initiative on June 6-12, 2016.

MGTL together with STIMS Institute have developed a 
joint program called Grinding Process Solutions (GPS). The 
idea is to bring the science of grinding to the shopfloor 
through a small team of well-trained young engineers, 
equipped with such mobile diagnostic tools to achieve near 
term results of improvement in cost, quality and productivity 
for the end users.

“Next generation of manufacturing will require smart 
and well qualified people using portable diagnostic tools and 
techniques very much like the medical field. In this regard, 
the Grind TrakTM will serve as the stethoscope and 
thermometer for this new generation of grinding 
professionals”, asserts Dr Subramanian. ☐
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