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HOW AEROSPACE INDUSTRY 
CAN USE DIGITAL TWINS 
TO IMPROVE FLEET 
MANAGEMENT AND 
SUSTAINMENT 

Gokulraj K 
SSO-I 

ORDAQA (Engine), Bengaluru 

What is a Digital Twin?

A digital twin is a virtual model designed to 
reflect a physical piece of equipment that has 
multiple sensors that relay performance data 
on its functionality, tracking energy output, 
temperature, performance, efficiency, and 
more. 

Introduction:

In the aerospace industry, spending on 
maintenance and repairs continues to increase 
in spite of aircrafts being built to last longer, 
more durable engines, and innovations 
in maintenance techniques. The cost of 
maintaining aircrafts comprises a sizeable 
chunk of aircraft operating costs. It is also 
critical to maintain aircrafts in order to deliver 
a good customer experience – customer 
satisfaction nosedives when flights need to 
be delayed or cancelled owing to unplanned 
maintenance. 

So, it’s no surprise that airlines focus on 
cutting the MRO (maintenance, repair and 
overhaul) costs while ensuring operational 
availability of the assets at the same time. The 
existing approaches for fleet management and 
sustainment are largely based on statistical 
distributions of material properties, physical 
testing and heuristic design philosophies; 
these approaches are often unable to address 
extreme requirements. 

Some of the major challenges include slow 
turnaround time, poor data integrity, aging 
systems and outdated manual processes – 
require a great deal of attention. To address 

the shortcomings of conventional approaches, 
a paradigm shift is required. Advanced 
technology, in the form of ‘digital twins’ (a 
digital replica/model of a physical asset) is 
helping airlines bridge the gap between the 
physical and the digital worlds. 

The Aerospace and Defence industry has 
been a trailblazer in the use of the digital 
twin technology to address shortcomings of 
current practices for fleet management and 
sustainment. This long-term vision enables the 
industry to save resources with prescriptive 
and predictive analytics.

The strategic trend of creating digital twins and 
feeding them with real-time data not only helps 
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airlines to keep their aircrafts in the air with 
reduced maintenance costs, but also provides 
tremendous value to aircrafts by optimizing 
the performance and reliability of airplanes. 
Let’s take a closer look at what a digital twin 
is and how it can help airlines achieve the dual 
goals of improved maintenance and lower 
costs at the same time. 

What exactly is a digital twin? What does it do? 

A digital model of a substantial physical asset, 
a digital twin utilizes real-time data to enhance 
operations by adjusting to operational changes 
and it can forecast the future performance of 
the representing physical counterpart. The 
invisible digital twin is a product of multi-
physics modelling together with data-driven 
analytics. Its ecosystem is created using 
ultra high-fidelity simulation software which 
comprises of the sensor and measurement 
technologies, simulation and physics-based 
modelling, industrial Internet of Things, artificial 
intelligence, and machine learning. 

Essentially, a digital twin replication software is 
used to create a virtual 3D model of the asset. 
This model can go through a range of simulated 
environments that the asset is likely to encounter. 
Data fusion techniques play a significant role 
in the digital twin development. Data fusion 
evolves with the advances of information and 
communication technology and deal with 
increasing data in terms of its volume, velocity, 
and variety. The flow of information from raw 

data to high-level understanding is propelled 
by data fusion techniques – sensor-to-sensor, 
sensor-to-model, and model-to-model fusion 
– which are implemented, and will function, 
at different levels. It is advisable to design a 
digital twin for one or more important systems, 
including airframe, propulsion & energy storage, 
life support, avionics, and thermal protection. 

What role do digital twins play in the 
aerospace sector? 

Many aerospace companies have begun to 
utilize digital twins to accomplish the goal of 
reducing unplanned downtime for engines 
and other systems. By using this technology, 
not only do they receive advance warning and 
predictions, but also get a plan of actions based 
on simulated scenarios that take into account 
the weather conditions, the performance of 
the asset, and several other variables. This has 
proved effective and has helped airlines to keep 
aircrafts in service for longer durations. 

With the help of digital twins, they can do 
proactive and predictive maintenance to 
increase platform operational availability and 
efficiency, extend its useful life cycle and reduce 
its life cycle cost. Moreover, these digital twins 
are capable of mitigating damage or degradation 
by activating self-healing mechanisms or by 
recommending changes in the mission profile 
to decrease loadings, thereby increasing both 
the life span and the probability of mission 
success.
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But that’s not all. A digital twin makes it 
possible to predict the remaining useful life 
of the asset with a high level of accuracy. For 
example, in a digital twin of the landing gear, 
sensors are placed on typical failure points: 
hydraulic pressure and brake temperature. 
This ensures that the digital twin receives 
real time data from these points. This data 
helps predict chance of an early malfunction; 
additionally, it also helps to determine the 
landing gear’s remaining life cycle. Data is 
critical for creating an effective digital twin. If 
data pertaining to the initial condition of the 
asset is available (system calibration details, 
component geometry, mechanical assemblies, 
etc.), it is possible to create a high-fidelity twin 
for the purpose of quality improvement. For 
instance, according to Aviation Today magazine, 
“Boeing has been able to achieve up to a 40% 
improvement in first-time quality of the parts 
and systems it uses to manufacture commercial 
and military airplanes by using the digital twin 
asset development model.”

Conclusion

Today we are moving away from people telling 
machines what to do to a world where machines 
tell people what to do – digital twin is the best 
example. Although achieving a fully-functional 
digital twin will demand a premeditated and 
persistent effort to reap the rewards, it will 
be game-changing and can deliver incredible 

results. Use of simulation based real time 
Dynamic Data Driven Applications Systems 
during production and manufacturing may 
result in achieving first time quality.

Since a digital twin is always connected and 
therefore up-to-date, it serves as a detailed 
“reference book” with all system information 
to help airlines significantly extend error-free 
operations. Digital twin capabilities can be seen 
as the single source of truth playing an extremely 
important role in aircraft MRO operations and 
sustenance. By structuring and executing digital 
twin initiatives appropriately, airlines can save 
huge amount through productivity gains.

Benefits of Digital Twins 

More Effective Development of Equipment: With 
a digital twin and the data collected by the 
sensors, aerospace businesses have more 
effective ways to test changes to processes to 
increase productivity. 

Improve Efficiency: In addition to the above, 
a digital twin provides a great testing ground 
for improvements to overall efficiency of one 
machine or a fleet.

Predictive Maintenance and Lifespan: With 
collected data, aerospace industries can better 
predict when a part or machine is reaching the 
end of its lifespan and become more proactive 
with maintenance and the ordering of parts 
and replacements.  

About the Author:- Shri Gokulraj K, SSO-I is posted at ORDAQA (Engine), Bengaluru and joined 
DAQAS service in Feb 2018 .
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PREMATURE FAILURE OF AN 
AIRCRAFT SYSTEM AND ITS 
PREVENTIVE MEASURES Dr US Yadav

PScO 
ORDAQA, Kanpur 

1. Introduction

The defence aircrafts are especially designed 
to operate in all weather condition including in  
unforeseen hostile environments. Accordingly, 
all possible and optimal considerations are 
made from the selection of materials to 
production of the aircraft along with adherence 
to  maintenance and repair schedules. But, 
still the pre-mature failure of the aircraft are 
being reported and that too even below the 
half of their specified life. Author observed 
that there is/are very simple reasons for the 
failure of the aircraft except other-wise in one-
odd cases. And, that is the non-adherence of 
basic (defined) and applied (expected) need of 
maintenance activities coherently. 

2. Materials of Aircraft

Scientific community has developed a large 
number of materials which  meet the requisite 
characteristics of high hot hardness, toughness, 
fatigue, corrosive-resistant, chemically non-
degradable, creep and wear resistance etc. To 
mention few of them are superalloys, Al-alloys, 
Ni-alloys, Ti-alloys, metal matrix composites, 
silicon infiltrated carbide (SiSiC), boron carbide, 
aluminum oxide-titanium carbide, various type 
rubber and composites etc. However, the use of 
Aluminum alloys is found to be very extensive 
in the airframe due to inherent characteristics 
of light-in-weight and ease of manufacture and 
maintainability. 

3. Shaping of Components

Components are shaped by either the casting, 
forging or cutting machining processes. In the 
complex and critical design of components, the 

use of cutting machining is dominant in which 
the shaping is achieved by shear, erosion or 
by the abrasion. In-spite of all possible care 
during shaping processes, the imperfection 
in the crystal structure does exist, which is 
primarily responsible for an early failure of 
the components. Although, the defects of 
crystal structure can be minimized in the 
casting or forming processes but distortion of 
crystal structure on the surface will prevail in 
cutting machining irrespective of any degree 
of surface finish.  And this is the defect, 
which mainly causes the pre-mature failure 
of the components especially in the salty 
environments, if not adequately catered-for 
during processing, finishing, plating, painting 
and maintenance. 

4. Operational Loading on Aircraft  

The aircraft is subjected to five basic mechanical 
stresses. These stresses are of: (i) Tension (ii) 
Compression (iii) Shear (iv) Bending and (v) 
Torsion. All the structural members of aircraft 
are subjected to one or the combination of 
more than one stresses including of alternate in 
nature too. Although the aircrafts are designed 
with adequate amount of safety factor under 
the designated flight profile, still sometimes in 
an unforeseen condition, applied stresses cross 
over. And, in such circumstances, the wings and 
flight control surfaces get adversely affected. In 
the event of mechanical stresses crossing over 
the designated design flight profile, the crystal 
grain boundaries of the structure of the parts 
get loosened and distortion in the intactness of 
crystal structure starts, which paves the path 
for failure as well as the formation of stress 
corrosion. 
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5. Failure and its Causes

Failure can be defined as, “state where the 
component is no longer able to sustain the 
imposed load”. There are many reasons for 
the failure of the component but the most 
common reasons are (i) Imperfection in crystal 
structure (ii) Design deficiency/error and (iii) 
Formation of corrosion. Imperfection in crystal 
structure and design error is the subject of 
material processing and the consideration 
of safety factor respectively. These are of 
initial one time consideration during design, 
whereas formation of corrosion is having the 
direct bearing with the applied load, usage and 
aspect of maintenance for the defined life. 

During operation, the most common reason 
for the failure of aircraft structure are Fatigue 
and Corrosion. 

5.1 Fatigue 

 Fatigue is the major cause for failure of 
aircraft structure. It is influenced by many 
variables, such as frequency of loading, 
mean as well as peak stresses, temperature, 
environmental conditions, material micro-
structure, surface finish, and residual 
stresses etc. During design, all possible 
aforesaid affecting factors are considered 
by the designers, so as to have the concept 
of “inspection free life” and failure due to 
fatigue is not of safety concern but still the 
failures happen including catastrophic in 
nature.  

 It is also to be appreciated that the 
defects pertaining to the nature of surface 
cracking, forging lapses, scratches and 
wear etc will definitely generate the local 
stresses. These local stresses cause stress 
concentration  leading to crack initiation. 
To overcome such defect, components are 
thoroughly inspected after manufacturing 
by visual as well as non-destructive 
techniques and defects observed, if any, are 
rectified. Stress concentrations caused by 

surface defects such as scratches and wear 
tend to be more common and are likely 
to be introduced during service. Another 
common cause of stress concentration is 
corrosion, which can lead to fatigue crack 
initiation. 

5.2 Corrosion

 Corrosion is a natural, irreversible and 
slow deteriorative phenomenal process, 
in which unstable metal moves to 
stable compounds under the imposed 
influence of atmospheric gases and which 
accelerates under the fatigue load. The 
corrosion has its different types, but the 
uniform corrosion, pitting corrosion, 
galvanic corrosion and stress corrosion 
cracking are the common one. It is very 
difficult to ascertain the exact reason for 
the formation of corrosion, but few factors 
which are responsible for the formation of 
corrosion, are mentioned below.

(i)  Strain in metal : At sheared and bends 
area of metal.

(ii)  Reactivity of metal : More reactive 
metal prone to corrosion.

(iii)  Presence of impurities : Impure metal 
enhances corrosion.

(iv) Presence of electrolyte : Salty 
environment enhances corrosion.

(v) Air and moisture : Enhances the 
formation of corrosion.

(vi) pH Value : pH< 7 is more corrosive 
than basic or neutral  medium.

(vii) High Temperature :  Rate of corrosion 
increases.

6. Integrity of the Crystal Structure

Unless the integrity of component crystal 
structure is disturbed by the natural ageing 
phenomenon, application of loads, internal 
stresses or by corrosion, failure of the 
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component is near-next-to impossible. 
Hence, the integrity of the crystal structure of 
components should be retained/ maintained 
by providing the adequate amount of safety 
factor during design, proper machining as 
well as finishing operation of the components 
and with the requisite regular maintenance 
practices. Surface roughness, Plating and 
Painting are the three primary aspects, which 
are responsible for the retention/ maintenance 
of the integrity of crystal structure debarring 
with the presence of imperfection or slag 
during the initial time of casting or forging of 
the materials. 

6.1 Surface Roughness of Component

The surface roughness is the vital qualitative 
performance parameter of the machined 
component, which has to be decided during 
design for manufacturing processes itself. To 
some extent, the ability of the part to resist the 
loosening of crystal boundaries due to wear, 
fatigue and corrosion also depends upon the 
surface finish. Any irregularities of the surface 
finish creates the formation of nucleation sites, 
which is responsible for the development of 
cracks or the formation of corrosion resulting 
into the subsequent failure of the component 
structure. 

6.2 Plating of Component

The plating process is generally a post-
production process, which is done for the 
inhibition of corrosion, improvement of 
soldering ability, hardening of the object, 
reducing of friction and improvement in paint 
adhesion etc. In this process, a thin layer of 
another metal is applied on a base metal 
substrate to give various desirable properties 
to the object. It can also be done on already 
plated metal surface such as nickel plating 
over copper plated surface, chrome plating on 
the nickel plating etc. However, there is some 
difficult combination of plating, where the 
plating coat will have very poor adherence such 
as nickel plating on the nickel-plated surface. 

6.3 Paint and its Finish 

Paint is a unique homogeneous mixture 
of three major ingredients, namely the 
Binder, Pigment and Volatile Organic 
Compounds (VOCs) including some sorts of 
additives. Acrylic polymers (resins), alkyd 
polymers (resins) and epoxy polymers (resins) 
are the three binders, mostly being used in 
modern paints. However, Epoxy coatings being 
durable as well as resistant to many corrosive 
substances also provides the optimum 
protection against the abrasion, turbulence, 
corrosive fluids and extreme temperatures. 
Once a thin layer of paint is applied on the 
finished surface, it forms a solid dry adherent 
film after due oxidation/evaporation/ 
polymerization. 

Application of the Paints is essential for 
the appearance, surface protection, stealth 
coatings and to improve the aerodynamic 
performance of an aircraft. Generally, the 
scheme of painting involves the coating of 
primer-coats and top-coats for achieving the 
ultimate surface protection. The paints are of 
many types such as Oil paints, Enamel Paint, 
Emulsion Paint, Cement Paint, Bituminous 
Paint, Aluminum Paint, Anti-Corrosive 
Paint and Synthetic Rubber Paint etc. And 
application of the respective paints depends 
upon their performance merit and the user’s 
requirement. Following common steps are to 
be considered for the proper painting process: 

• Identification of Metal: For the selection 
of primer to be used.

• Surface Preparation: Removal of dust, 
debris, rust, loose and flaked paint etc 
by making use of brush, rust remover (as 
specified by manufacturer) and acetone 
etc. The surface should be lightly etched 
for the primer to stick more effectively. In 
the case of extensive corrosion of metal, 
the use of sanding can be beneficial. But, 
in the case of galvanized metal, sanding 
can potentially abrade away the zinc layer 
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which makes the metal more likely to rust 
in the future.

• Prime the Metal: Priming prevents the 
rust from bleeding through the new 
paint. It also helps the paint to stick the 
metal surface more effectively. In some 
cases, the use of self etching primer is 
also recommended after the application 
special primer.

• Application of Paint: Apply the Paint 
and allow the Paint to cure under stated 
operating condition of temperature, 
humidity and airflow etc. Although 
composite structure does not require the 
paint coat as of metallic surfaces, still in 
some cases it has been done as of aesthetic 
appeal. In addition to this, it protects the 
structure from Ultraviolet degradation too.

7. Preventive Measures against Premature 
Failure

Following aspects are to be considered so as 
to minimize the premature failures of aircraft:

Selection of materials and their machining 
requirements are to be ensured as per the 
laid down requirements. A slight deviation 
in the specification of product, process and 
performance will lead to pre-mature failure 
of the product especially where the aircraft 
is exposed to unforeseen environmental and 
implied operating load conditions.

Regular called-for or even uncalled-for 
inspection should be undertaken, where the 
crossover of fatigue limits has been suspected. 
This will help to detect an early failure of the 
aircraft.

Surface preparation of the component for 
the painting should be of high standards else 
trapping of the any leftover foreign material 
will decrease the adhesiveness of paints on 
the metallic structure. Also, special care must 

be taken during re-painting, where the old 
paint coating has to be removed and surface 
is prepared for painting as per the requisite 
standards.

The painting process is a unique-one, which 
need a special paint-booth where the requisite 
control of temperature, humidity, air velocity 
etc should be made available without which 
the whole purpose of painting will be lost.

Thickness of the Paint layer should be also 
ensured for effective adhesion and protection. 
Too much or too less thickness will not solve 
the purpose of painting process.

All the maintenance operation pertaining 
to scheduled preservative servicing should 
be adhered. And the situations, where the 
aircraft has been subjected to massive saline 
environments, are to be additionally washed 
and applied with corrosion protective fluid. 
This may be an addition to the laid down 
servicing schedule and in this regard, the 
judicious decision has to be taken by the 
competent authority.

In the cases where the aircraft are dismantled 
or is left over for defect investigation or for any 
reason, utmost care should be taken to preserve 
the aircraft immediately on the dismantling or 
at the earliest available opportunity.

Conclusion

Maintenance of an aircraft plays a major role 
to retain the defined reliability of an aircraft. 
Any short-coming in maintenance, repair 
and overhaul procedural aspect will lead to 
uncalled-for un-serviceability of the aircraft. 
All possible efforts should be taken to “Do the 
right thing at right time in right way”, for which 
if required the facilities for the production, 
inspection as well as maintenance and training 
cum knowledge of the technical personnel 
should be upgraded from time-to-time 
respectively and regularly. 

About the Author:- Dr. U.S.Yadav, P.Sc.O, ORDAQA, Kanpur joined DAQAS service in Dec 2006.
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PRINCIPLES OF NIGHT 
VISION TECHNOLOGY-IMAGE 
ENHANCEMENT &  
THERMAL IMAGING 

Shivendra K Duklan
 Astt.Dir. 

HQrs DGAQA, New Delhi 

1. Introduction 

I joined service in DGQA in Nov 2006 and my first 
introduction to Quality Assurance of Defense 
Technology was in the field of optoelectronics 
e.g. day/night vision & sighting devices and 
thermal imagers mounted on Infantry Carrying 
Vehicle BMP-II and its variants,  manufactured 
and overhauled at Ordnance Factory, Medak. I 
again got to work on these technologies during 
my tenure at OAQA, Dehradun from 2012 to 
2018. The Electrical & Instrumentation Group 
at HQrs DGAQA, New Delhi majorly deals with 
these equipments. 

Night vision Technology, by definition, literally allows 
one to see in the dark and was originally developed 
for military use, but with the development of 
technology night vision devices are being used in 
day to day applications. Image Processing refers 
capturing and manipulating images to enhance or 
extract information. Image processing is a form of 
signal processing for which the input is an image, 
such as a photograph or frame. The output of 
image processing may be either an image or, a 
set of characteristics or parameters related to the 
image. Night Vision can work in two different ways 
depending on the technology used: 

1.1 Image enhancement

This technology works by collecting the tiny 
amounts of light including the lower portion of 
the infrared light spectrum; those are present 
but may be imperceptible to our eyes, and 
amplifying it to the point that we can easily 
observe the image.

1.2 Thermal imaging

This technology operates by capturing the upper 

portion of the infrared light spectrum, which is 
emitted as by objects as heat. Hotter objects, 
such as warm bodies, emit more of this light than 
cooler objects like trees or buildings. Thermal 

2. The Principle of Thermal Imaging 

In order to understand night vision, it is 
important to understand something about 
light. The amount of energy in a light wave is 
related to its wavelength. Shorter wavelengths 
have higher energy. Of visible light, violet has 
the most energy, and red has the least. Just 
next to the visible light spectrum is the infrared 
spectrum. 

Infrared light can be split into three categories:

(i) Near-Infrared (Near-IR) 

Closest to visible light, near-IR has wavelengths 
that range from 0.7 to 1.3 microns, or 700 
billionths to 1,300 billionths of a meter. 

Mid-Infrared (Mid-IR) 

Mid-IR has wavelengths ranging from1.3 to 3 
microns. Both near-IR and mid-IR are used by a 
variety of electronic devices, including remote 
controls. 

(iii) Thermal-infrared (Thermal-IR) 

Occupying the largest part of the infrared 
spectrum, thermal-IR has wavelengths ranging 
from 3 microns to over 30 microns. 

The key difference between thermal-IR and 
the other two is that thermal-R is emitted by 
an object instead of being reflected off by it. 
Infrared light is emitted by an object because 
of what is happening at the atomic level. 

In Thermal Imaging, a special lens focuses the 
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infrared light emitted by all of the objects in 
view. The focused light is scanned by phased 
array of infrared-detector elements. The 
detector elements create a very detailed 
temperature pattern called a thermo gram. It 
only takes about one-thirtieth of a second for 
the detector array to obtain the temperature 
information to make the thermo gram. This 
information is obtained from several thousand 
points in the field of view of the detector array. 
The thermo gram created by the detector 
elements is translated into electric impulses. 
The impulses are sent to a signal-processing 
unit, a circuit board with a dedicated chip that 
translates the information from the elements 
into data for the display. The signal-processing 
unit sends the information to the display, 
where it appears as various colors depending 
on the intensity of the infrared emission. The 
combination of all the impulses from all of the 
elements creates the image. 

4. Night Vision Devices (Image Intensifier 
Tube based Equipment)

A night vision device (NVD) is an optical 
instrument that allows images to be produced 
in levels of light approaching total darkness. 
They are most often used by the military and 
law enforcement agencies, but are available 

to civilian users. The term usually refers to a 
complete unit, including an image intensifier 
tube, a protective and generally water-resistant 
housing, and some type of mounting system. 
Many NVDs also include sacrificial lenses, 
IR illuminators, and telescopic lenses. Night 
vision devices were first used in World War II. 
The technology has evolved greatly since their 
introduction, leading to several "generations" 
of night vision equipment with performance 
increasing and price decreasing. 

5. The Principle of Image Enhancement 

Image-enhancement technology is what most 
people think of when you talk about night 
vision. In fact, image-enhancement systems 
are normally called night-vision devices 
(NVDs). NVDs rely on a special tube, called an 
image-intensifier tube, to collect and amplify 
infrared and visible light. Image enhancement 
works in the following manner: 

A conventional lens, called the objective lens, 
captures ambient light and some near-infrared 
light. The gathered light is sent to the image-
intensifier tube. In most NVDs, the power 
supply for the image testifier tube receives 
power from two N-Cell or two “A" batteries. 
The tube outputs a high voltage, about 5,000 

Principle of Thermal Imaging and General Layout of a Thermal Imager 
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made using fiber-optic technology. The MCP is 
contained in a vacuum and has metal electrodes 
on either side of the disc. Each channel is about 
45 times longer than it is wide, and it works 
as an electron multiplier. When the electrons 
from the photo cathode hit the first electrode 
of the MCP, they are accelerated into the glass 
micro channels by the 5,000-V bursts being 
sent between the electrode pair. 

As electrons pass through the micro channels, 
they cause thousands of other electrons to 
be released in each channel using a process 
called cascaded secondary emission. Basically, 
the original electrons collide with the side of 
the channel, exciting atoms and causing other 
electrons to be released. These new electrons 
also collide with other atoms, creating a chain 
reaction that results in thousands of electrons 
leaving the channel where only a few entered. 

At the end of the image- intensifier tube, the 
electrons hit a screen coated with phosphors. 
These electrons maintain their position in 
relation to the channel they passed through, 
which provides a perfect image since the 
electrons stay in the same alignment as the 
original photons. The energy of the electrons 
causes the phosphors to reach an excited state 

and release photons. These phosphors create 
the green image on the screen that has come 
to characterize night vision.

The green phosphor image is viewed through 
another lens, called the ocular lens, which 
magnifies and focuses the image. The NVD may 
be connected to an electronic display, such as 
a monitor, or the image may be viewed directly 
through the ocular lens. 

6. Generations of NVDs 

NVDs have been around for more than 40 
years. They are categorized by generation. 
Each substantial change in NVD technology 
establishes a new generation. 

Generation 0 

The original night-vision system created by the 
United States Army and used in World War II 
and the Korean War, these NVDs use active 
infrared. This means that a projection unit, 
called an IR Illuminator, is attached to the NVD. 
The unit projects a beam of near-infrared light, 
similar to the beam of a normal flashlight. 
Invisible to the naked eye, this beam reflects 
off objects and bounces back to the lens of 
the NVD. These systems use an anode in 
conjunction with the cathode to accelerate the 

General Layout of an Image Intensifier Tube based Night Vision Device
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electrons. The problem with that approach is 
that the acceleration of the electrons distorts 
the image and greatly decreases the life of 
the tube. Another major problem with this 
technology in its original military use was that 
it was quickly duplicated by hostile nations, 
which allowed enemy soldiers to use their own 
NVDs to see the infrared beam projected by 
the device. 

Generation 1

Generation 1 of NVDs moved away from active 
infrared, using passive infrared instead. These 
NVDs use ambient light provided by the moon 
and stars to augment the normal amounts of 
reflected infrared in the environment. This 
means that they did not require a source 
of projected infrared light. This also means 
that they do not work very well on cloudy or 
moonless nights. Generation-1 NVDs use the 
same image-intensifier tube technology as 
Generation 0, with both cathode and anode, 
so image distortion and short tube life are still 
a problem. 

Generation 2 

Major improvements in image-intensifier tubes 
resulted in Generation-2 NVDs. They offer 
improved resolution and performance over 
Generation-1 devices, and are considerably 
more reliable. The biggest gain in Generation 
2 is the ability to see in extremely low light 
conditions, such as a moonless night. This 
increased sensitivity due to the addition of the 
micro channel plate to the image-intensifier 
tube. Since the MCP actually increases 
the number of electrons instead of just 
accelerating the original ones, the images are 
significantly less distorted and brighter than 
earlier-generation NVDs. 

Generation 3 

In Generation 3, while there are no substantial 
changes in the underlying technology from 
Generation 2, these NVDs have even better 
resolution and sensitivity. This is because the 

photo cathode is made using gallium arsenide, 
which is very efficient at converting photons to 
electrons. Additionally, the MCP is coated with 
an iron barrier, which dramatically increases 
the life of the tube. 

Generation 4 

What is generally known as Generation 4 
or "filmless and gated" technology shows 
significant overall improvement in both 
low- and high-level light environments. The 
removal of the ion barrier from the MCP that 
was added in Generation 3 technology reduces 
the background noise and thereby enhances 
the signal to noise ratio. Removing the ion 
film actually allows more electrons to reach 
the amplification stage so that the images are 
significantly less distorted and brighter. The 
addition of an automatic gated power supply 
system allows the photocathode voltage to 
switch on and off rapidly, thereby enabling 
the NVD to respond to a fluctuation in lighting 
conditions in an instant. This capability is a 
critical advance in NVD systems, in that it 
allows the NVD user to quickly move from 
high-light to low-light (or from low-light to 
high-light) environments without any halting 
effects. With the new, gated power feature, 
the change in lighting wouldn’t have the same 
impact; the improved NVD would respond 
immediately to the lighting change. 

7. Characteristics of Night Vision Devices 

Using intensified night vision is different from 
using regular binoculars and/or your own eyes. 
Below are some of the aspects of night vision 
that you should be aware of when you are 
using an image intensified night vision system. 

7.1 Textures, Light and Dark : Objects that 
appear light during the day but have a dull 
surface may appear darker, through the night 
vision unit, than objects that are dark during 
the day but have a highly reflective surface. 
For example, a shiny dark colored jacket may 
appear brighter than a light colored jacket with 
a dull surface. 
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7.2 Depth Perception : Night vision does not 
present normal depth perception. 

7.3 Fog and Rain: Night vision is very 
responsive to reflective ambient light; 
therefore, the light reflecting off of fog or 
heavy rain causes much more light to go 
toward the night vision unit and may degrade 
its performance. 

7.4 Honeycomb : This is a faint hexagonal 
pattern which is the result of the manufacturing 
process. 

7.5 Black Spots: A few black spots throughout 
the image area are also inherent characteristics 
of all night vision technology. These spots will 
remain constant and should not increase in size 
or number. 

7.6 Blooming :  Blooming is the loss of the 
entire night vision image, parts of it, or small 
parts of it, due to intensifier tube overloading 
by a bright light source. It is also known as a 
"halo" effect, when the viewer sees a "halo" 
effect around visible light sources. When such 
a bright light source comes into the night vision 
device's view, the entire night vision scene, or 
parts of it, becomes much brighter, “whiting 
out" objects within the field of view. Blooming 
is common in Generation 0 and 1 devices. 
The lights in the image to the right would be 
considered to be "blooming". 

7.7 Bright-Source Protection (BSP) : High-
Light Cut-Off, an electronic function that 
reduces the voltage to the photocathode when 
the night vision device is exposed to bright 
light sources such as room lights or carlights.
BSP protects the image tube from damage and 
enhances its life; however, it also has the effect 
of lowering resolution when functioning. 

7.8 Chicken Wire: An irregular pattern 
of dark thin lines in the field of view either 
throughout the image area or in parts of the 

image area. Under the worst-case condition, 
these lines will form hexagonal or square 
wave-shape lines. 

7.9 Equivalent Background Illumination 
(EBI) : This is the amount of light you see 
through a night vision device when an image 
tube is turned on but no light is on the photo 
cathode. EBI is affected by temperature; the 
warmer the night vision device, the brighter 
the background illumination.EBI is measured 
in lumens per square centimeter (lm/cm2).
The lower the value the better. The EBI level 
determines the lowest light level at which an 
image can be detected. Below this light level, 
objects will be masked by the EBI. 

7.10 Emission Point : A steady or fluctuating 
pin point of bright light in the image area that 
does not go away when all light is blocked from 
the objective lens. The position of an emission 
point within the field of view will not move. If 
an emission point disappears or is only faintly 
visible when viewing under brighter night time 
conditions, it is not indicative of a problem. 
If the emission point remains bright under all 
lighting conditions, the system needs to be 
repaired. Do not confuse an emission point 
with a point of light source in the scene being 
viewed. 

These are some of the important characteristics 
of the NVDs. 

8. Applications: 

The original purpose of night vision was to 
locate enemy targets at night. It is still used 
extensively by the military for that purpose, 
as well as for navigation, surveillance and 
targeting. Common applications for night 
vision include, Military applications, Law 
enforcement, Hunting, Wildlife observation, 
Surveillance, Security, Navigation, Hidden-
object detection etc. 

About the Author:- Shri Shivendra K Duklan, Astt.Dir. Joined service in Oct 2009. 
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HUMAN RESOURCE DEVELOPMENT 
THROUGH TRAINING IN DGAQA

Biswajit Choudhury
SSO-I

ALISDA, Bangalore 

Introduction

Training and development is a process that 
prepares an employee with knowledge, skills 
and abilities required to perform a specific 
task. It plays a vital role in not only improving 
the current performance but also prepares the 
employees for future responsibilities. It helps 
in developing leadership skills, motivation, 
loyalty and positive attitude that a successful 
employee and manager should display. It is 
an integral part of the whole management 
program since all other functional activities of 
an organisation are inter-related to it. It is very 
crucial for an organisation that wants to take 
the advantage of advances in technology and 
techniques, methods and strategies through a 
series of well structured training programmes.  

Role of ALISDA, Bengaluru in Training of 
DGAQA Officers & Personnel 

ALISDA plays an important role in executing 
DGAQA tasks in various domains - be it 
managing DGAQA Pavilion in Aero India show, 
organising Regional Directors (RD) meets, 
conducting defence exhibition for local public 
or participating in Aerospace and Defence 
Manufacturing Show (ADMS) which are events 
of national repute. Beside these, ALISDA also 
provides routine QA coverage to R&D labs, 
DPSU and private industries.

But the role for which ALISDA is generally 
recognised is its involvement in the training of 
officers and personnel. It coordinates training 
for the new recruits as well as existing cadres.

The Tech-Coord Group at HQrs DGAQA also 
plays a vital role in the Training of Officers & 
Personnel. It initiates Foundation & Mandatory 
Training of new recruits and existing cadres, 
processes the approval of these trainings from 
the Competent Authority and co-ordinates the 

trainings along with ALISDA, Bengaluru. The 
Group also conducts Miscellaneous Trainings on 
need basis in the fields of Quality, Technology, 
Management and Personal Development for 
all cadres at Training Institutes of National 
Repute e.g. ESCI, Hyderabad, CMTI, Bengaluru,  
ISTM, Delhi, HMA, Bengaluru etc. 

Changing QA Requirements

Under the Atmanirbhar Bharat initiative, the 
manufacturing ecosystem of Military Aviation 
Stores (MAS) is getting more and more linked 
to MSMEs and Start-ups either directly or 
through the DPSUs and Defence R&D labs. 
The growing trend of setting up of industrial 
complexes for defence across the length 
and breadth of the country is transforming 
the defence manufacturing scenario in the 
country. The transformation is destined to 
bring a number of benefits towards achieving 
self-reliance and acquiring export capabilities. 
But, it also poses many challenges for the QA 
regulatory agencies of the country. 

In order to meet these challenges, there is a  
critical need to prepare and develop the QA 
Human Resource through necessary training 
and development programs. Towards this, 
DGAQA has brought about many improvements 
in training programs. The training and 
development program of officers has been 
redesigned with significant change in duration 
of training and additions to the syllabus in 
keeping with the present requirements. Many 
external training agencies have been roped 
in  for overall skill development in technical 
and managerial abilities to make officers new 
generation QA professionals. 

Training Curriculum

The training syllabus is designed to inculcate 
the knowledge on generic aspects of 
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About the Author:- Shri Biswajit Choudhury, SSO-I is posted at ALISDA, Bengaluru and joined 
DAQAS service in July 2009. 

military aviation as well as domain specific 
competencies in the field of Aeronautical 
Quality Assurance effectively.

The curriculum includes QA methodologies of 
Aircrafts, Aero-engines, Helicopters, Missiles, 
Rockets, Bombs, Explosives & Propellants. 
Topics on Quality Audit and Surveillance 
form an integral part of the curriculum. 
The methodologies involved are explained 
with case studies collected from various 
Field Establishments. The syllabus on QA 
aspects during indigenisation is designed to 
include outsourcing policies. Areas of major 
involvement e.g. defect Investigation, Court 
of Enquiry, FOD management etc are also 
given prominence. Practical demonstrations 
are planned to augment classroom delivery of 
courses. These include  factory visits to different 
HAL divisions. Assessments and Feedbacks are 
held on culmination of all trainings and courses 
to assess the training efficacy. 

Quality in context of Atmanirbharta as part of 
syllabus

In the coming times, India will become a global 
defence manufacturing hub if an effective 
quality culture can be built among the 
operative management of all the stake holders 
including the society in general. Towards this, 
important topics and facts that are specially 
included in the training modules are:

(a) The fact that there is no ‘One-Size-Fits-All’ 
approach to quality and reliability anymore. 
Needs for handholding and guiding the 
MSMEs / Start-ups to develop standard Quality 
Management Systems in their work place is 
emphasized.

(b) Need for moving beyond ‘Quality 3.0’ which 
was earlier based on Control, Compliance and 
Cost (3C) to solve the complex issues under 
changing scenario. 

(c) Quality is required to be driven by 
Innovation, Data and Technology and QA 
professionals are encouraged to use these 
tools not only themselves but also disseminate 

the same to all stakeholders.  

(d) The QA professionals are trained to play 
a pivotal role in spreading awareness and 
creating capabilities in terms industrial 
excellence, exchange in technologies / 
ideas, skill-talent advantage and resource 
optimisation to create an ecosystem for the 
realisation of Aatmanirbhar Bharat in Defence. 

(e) Creating Ownership in People is being 
emphasized. For this, QA professionals are 
trained to identify quality needs specific to 
Design, Development and Production phases 
separately.

f) Improvisation in methods of Quality 
Audit and Surveillance Check is the key for 
improving the quality & reliability of products 
and services for which creation of robust data 
collection methods and analysis programs are 
being encouraged.

(g) Use of automation / digitization to  avoid 
delay. For this, use of various digital tools / 
applications which help in tracking defect 
investigations and corrective actions are 
encouraged.  Training on this aspect helps in 
developing the networking and connectivity 
advantage which in turn encourages 
sustainability and self-reliance.

Conclusion

The success of Atmanirbhar Bharat and Make-
in-India program in Defence Manufacturing  will 
depend on how seriously the quality aspects 
are taken by one and all and how effectively 
the QA methodologies and strategies are 
implemented on ground. QA professional 
have to play a vital role in implementing these 
methodologies and strategies with required 
effectiveness. The skills that are required 
for these are the priority of DGAQA.  ALISDA 
and Technical Coordination Group at HQrs 
DGAQA, New Delhi are making all out efforts 
for developing QA professionals committed 
to implement these requirements through 
continuous innovative critical thinking and 
problem solving ideations. 
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COUNTER MEASURE DISPENSING 
SYSTEM (CMDS) FOR AIRCRAFTS 

I Ahmad 
Regional Director 

Aircraft Division, Bengaluru 

COUNTER MEASURES DISPENSING SYSTEM 
(CMDS)

Counter Measures Dispensing System is 
a state-of-the-art Flare and Chaff Dispensing 
System providing self-protection to the aircraft 
against Radar guided & IR seeking missiles. Self-
defence for airborne platforms means knowing 
whether any enemy weapon is observing you 
or making you a target. That (Self Defence) 
requires keeping track of every type of signal 
and keeping your countermeasures ready in 
the response. The systems are battle proven 
and are used on fighter aircrafts, helicopters 
as well as in transport aircrafts. Counter 
Measure Dispensing System. (CMDS) is also 
known as KAVACH System. This system mainly 
comprises of Four Units namely Control Panel, 
Firing Controller, Breach Plate and Chaff & Flair 
Magazines. 

Chaff System

A Chaff system onboard an aircraft is used to 
protect the aircraft or a helicopter from the 
radar-guided missile. This is done by firing the 
chaff cartridge into the air, where chaff cloud 
is formed rapidly. Chaff forms a volumetric 
radar reflecting material and is composed of 
distributed metalized radar reflector material. 
This protects the host aircraft from a radar-
guided missile by luring it to a better radar 
cross-section substitute, thus achieving a 
distraction towards the Chaff cloud. This 
decoy is considered effective when it is able 
to lead the anti-aircraft missile away from the 
host aircraft such that it passes target aircraft 
safely. The chaff are designed to operate in a 
frequency band of 2 to 18 GHz and can create 

an average Radar Cross Section (RCS) of about 
few square meter within a fraction of a second. 
These systems are designed for extreme 
environmental conditions like minus 45 to plus 
70 degrees Celsius etc. 

Similarly, warships use ship borne chaff naval 
decoy system to distract radar-guided anti-ship 
missiles in a self-defence role of the ship. The 
indigenized version is christened Kavach decoy 
system which releases Chaff made up of silver 
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coated glass fiber. The Chaff forms a radar 
clutter using these fibers, while they remain 
suspended in the air. This clutter is aimed to 
confuse the incoming missile to lock-on it 
instead of the warship. 

Chaff system basically comprises of multiple 
barrel launchers (Port and Starboard 
configuration), with each launcher possessing 
a built-in stabilization system against roll, pitch 
and yaw motions. The Chaff launcher comes in 
various ranges viz. Short Range, Medium Range 
and Long Range. Chaff rockets are pre-loaded 
into the barrels and are fired using squibs, the 
firing initiation controlled electrically by an 
FCS system located in the Operation Centre of 
the ship. The FCS computer calculates the best 
solution for chaff launch sequence based on 
various factors like target motion parameters, 
wind speed, wind direction etc. The computer 
can prioritise the threat and also suggests the 
Commanding Officer the Course to Steer to 
obtain best decoy capability. 

Flares

Onboard the aircraft, Flares are part of CMDS 
configuration and protect the platform from 

the Infrared (IR) seeking missiles. Flares on 
being fired provide an alternate strong IR 
source to heat-seeking anti-air missiles so 
that they are lured away from the aircraft. The 
dispensation of the flares is a well-measured 
solution so as to create a new energy centroid 
in the field of view of the chasing missile. Thus, 
the IR radiation signature created by flare is 
larger than that of the aircraft and attracts the 
missile towards it.

Conclusion 

Advanced self-protection is essential for 
airborne missions in today's demanding and 
complex mission environments. It ensures 
survivability, safe return home and the 
freedom to act and room to manoeuvre. 
Countermeasure Dispenser Systems are the 
latest, most powerful and innovative solutions 
in airborne self-protection. The state-of-the-
art CMDS significantly enhance the platform 
survivability, extend the reach and create the 
time needed to disrupt the opponent. Their 
need and importance in modern warfare is 
critical and indispensible.   

About the Author:- Shri I Ahmad, Director (A/c) Division, Bengaluru joined DAQAS service in 
Feb 1996. 

fopkj %

vkRe&fuHkZjrk dks mRikn ,oa 

xq.koÙkk dks lg&mRikn ekudj 

vkRefuHkZj Hkkjr ds fy, 

iz;Ru djsaA
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vkxkeh Hkkjr 

jpuk feJk  
dfu"B vuqokn vf/kdkjh

{ks-fu-dk;kZy;] oSekfud xq.koÙkk vk'oklu ¼'kL=½ fdjdh] iq.ks 

vR;ar g"kZ dk fo"k; gS fd] gkygha esa Hkkjr us 
th&20 fd vè;{krk laHkkyh gSA blds lkFk gh 
th&20 ds çrhd fpUg dk vukoj.k Hkh gqvkA ;g 
vR;ar lq[kn gS dh Hkkjr vkt fo'o iVy ij 
viuk ijpe Qgjk jgk gSA Hkkjr us xr o"kks± es 
Hkjiwj rjDdh dh gS vkSj ;fn ns[kk tk, rks vkxkeh 
vusd o"kkZs esa rjDdh dh jkg Hkh cuk pqdk gSA og 
dky ftles iwjk fo'o egkekjh ls tw> jgk Fkk rc 
ns'k ds ç/kuea=h us ns'k dh turk dk vkokg~u dj 
vkRefuHkZj Hkkjr dh vihy dhA vkt Hkkjr rsth ls 
vkRefuHkZjrk dh jkg ij vkxs c<+ jgk gSA Lons'kh 
Vhds ls ysdj Lons'kh Lisl 'kVy rd] vkt Hkkjr 
esa fufeZr gks jgsa gSaA bu lc fodkl xfrfof/k;ks 
dks ns[kdj çrhr gksrk gS ekuks lcdk lkFk] lcdk 
fodkl dk LoIu lkdkj gks jgk gSA 

th&20 dh vè;{krk Hkkjr ds fy, ,sfrgkfld ekSdk 
gSA gekjk th&20 ea=& Þolq/kSo dqVqEcdeß] Þ,d  
/kjrh] ,d ifjokj] ,d Hkfo";ß gSA çrhd 
fpUg ij cuk dey Hkkjr dh ,sfrgkfld fojklr 
dks n'kkZrk gS] ;g bl eqf'dy le; esa mEehn 
dh fdj.k gSA bldh [kkfl;r blds 7 ia[k gSaA 
;g 7 ia[k] lkr egk}hiksa dks n'kkZrs gSaA ekuuh;  
ç/kuea=h ds vuqlkj lkr] laxhr dh lkoZHkkSfed 
Hkk"kk esa lqjksa dh la[;k gSA laxhr esa] tc lkr Loj 
,d lkFk vkrs gSa] rks os ,d iw.kZ lkeatL; cukrs gSaA 
ysfdu gj lqj dh viuh [kkfl;r gksrh gSA blh 
rjg] th&20 dk mís'; fofo/krk dk lEeku djrs 
gq, nqfu;k dks ,d lkFk ykuk gSA bl ekSds dk 
rc feyuk tc Hkkjr igys gh Þvktknh dk ve`r 
egksRloß euk jgk gS] ;g xoZ dk fo"k; gSA u 
flQZ Hkkjr vkt vkRefuHkZjrk] xfjek vkSj vè;{krk 

dh jkg ij gS cfYd ;g yxkrkj vius xkSjo dks 
c<+kus es fujarj ç;kljr gSA gkygh es Hkkjr us 
'keZ bZy 'ks[k] feJ] esa vk;ksftr dksi&27 es Hkh 
Hkkxhnkjh yhA bl lEesyu dk eq[; fo"k;] fo'o 
esa çnw"k.k ij jksd yxkuk gSA ns'k bl fn'kk esa Hkh 
çHkkoh dne ys jgk gSA ljdkj fo|qr okguksa ij 
T;knk ls T;knk è;ku ns jgh gSA ns'k dh jkt/kuh es 
lkoZtfud ifjogu tSls clsa] bR;kfn vc fo|qr ij 
py jgh gSaA bl vfHk;ku dks tcfd 100% çkIr 
ugha fd;k x;k gS ijarq blls lacfU/kr ç;kl vius 
vki esa mRlkgtud o lq[kn gSaA 

xr o"kks± esa Hkkjr us vius lekos'kh fodkl ij  
vf/kdkf/kd è;ku dsfUær fd;k gSA Hkk"kk ls ysdj 
rduhdh fodkl vkt Hkkjr gj {ks= es vius ik¡o 
ilkj jgk gSA chrs fnuksa vka/kz çns'k ds lrh'k  
/kou Lisl lsaVj ls futh jkWdsV foØe&,l dk 
ç{ksi.k gqvk tks vkt ls dqN o"kks± igys dYiuk 
ls Hkh ijs FkkA bl vfHk;ku dk uke ÞçkjaHkß fn;k 
x;k gS vkSj oLrqr% ;g Hkkjr ds foKku {ks= esa 
futhdj.k dk çkjaHk gSA 

ftl Hkkjr ds fy, jSfiM jsy ,d Loiu Fkk vkt 
og Hkh lkdkj gksus dh dxkj ij igqaprk utj vk 
jgk gSA ns'k dh igyh jSfiM jsy vius çkFkfed [kaM 
ds Vªk;y ds fy, rS;kj gSA mEehn gS fd uo&o"kZ 
ds 'kq#okr esa jSfiM jsy ds Vªk;y dh 'kq#okr Hkh 
gksxhA

vkt ;fn pkjksa vksj utj Mkysa rks ge Hkkjr dks gj 
iVy ij fodkl'khy in ij vxzlj ik,axsA vkt 
egkRek xka/kh dk LoIu Þxzkeh.k fodkl ls lEiw.kZ 
ns'k dk fodklß Hkh fl) gksrk utj vkrk gSA
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ve`r egksRlo ds ekSds ij ç/kkuea=h th us efgykvksa 
ds çfr vHkæ Hkk"kk ds ç;ksx ds fo#) dgk fd esjk 
gj Hkkjrh; ls ,d vuqjks/k gSA D;k ge jkstejkZ 
dh ftanxh esa efgykvksa ds çfr viuh ekufldrk 
dks cny ldrs gSaA ukjh 'kfDr dk xkSjo Hkkjr ds 
liuksa dks iwjk djus esa egRoiw.kZ Hkwfedk fuHkk,xkA 
;g egRoiw.kZ gS fd ge vius Hkk"k.k vkSj vkpj.k 
esa dqN Hkh u djsa] tks efgykvksa dh xfjek dks de 
djrk gSA fdlh u fdlh dkj.k gekjs vanj vkbZ 
foÑfr ds pyrs gekjs cksypky] O;ogkj vkSj 'kCnksa 
esa ge ukjh dk vieku djrs gSaA D;k ge LoHkko 
ls] laLdkj ls] jkstejkZ dh ftanxh esa ukjh dks 
viekfur djus okyh gj ckr ls eqfDr dk ladYi 
ys ldrs gSa\

ç/kuea=kh dk Hkk"k.k egku ys[kd HkkjrsUnq gfj'paæ 
}kjk dfFkr ,d nksgs dh ;kn fnykrk gSA

Þtks gfj lksbZ jkf/kdk] tks f'ko lksbZ 'kfDrA 
tks ukjh lksbZ iq#"k;ke] dNq u foHkfDrAAß

vFkkZr tks gfj gSa oSlh gh jk/kk] tks f'ko gSa ogh 
'kfDr Hkh vkSj tks L=h esa gS ogha iq#"k esa Hkh gS dqN 
Hksn ugha gS] lc leku gSaA lcls cM+h lekurk rks 
;g gS fd L=h&iq#"k nksuksa dks bZ'oj us gh cuk;k 
gS vr% gesa muesa dksbZ HksnHkko ugha djuk pkfg,A 
blds lkFk esa vkxkeh Hkkjr dh eaxy dkeuk djrs 
gq, ys[k dks ;gk¡ lekIr djuk pkgwaxhA 

ys[kd ds ckjs esa% Jhefr jpuk feJk] dfu"B vuqokn vf/kdkjh dh fu;qfä {ks-fu-dk;kZy;] oSekfud 
xq.koÙkk vk'oklu ¼'kL=½ fdjdh] iq.ks esa 14 tqykbZ] 2022 dks gqbZA 

Progressive steps in Quality Assurance
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MINIMIZATION OF HIGH 
PRESSURE TURBINE (HPT) 
BLADES REJECTION RATE VIA 
EDM PROCESS PARAMETERS 
MODIFICATIONS Navneet Mishra

SSO-II,  OADG, Koraput

Why Aero-engines Blades Rejection is critical? :

OADG(KPT),DGAQA is involved in providing QA 
coverage for Aero engines (AL31FP) (SU30MKI) 
and its components during manufacturing, 
overhaul and repairs.

High pressure turbine blades( single crystal 
investment casted) is one of the most critical 
parts in SU-30MKI aero engines. These blades 
work under very harsh conditions of extreme 
thermal, centrifugal and axial stresses as well 
as amounts to approximately 9% of overall cost 
of the aero engine.

During manufacturing as per OEM technology, 
a blade has to undergo numerous micrometric 
inspection checks followed by fatigue tests, 
residual stress tests and many more before 
it gets accepted for exploitation, wherein a 
single deviation observed during any stage of 
inspection results in rejection of blade. Any 
reduction in rejection rate will contribute in a 
big way by saving to the state exchequer of our 
developing country.  

What we observed? 

During visual inspections of ventilating holes 
at the leading edge of HPT blade,it was found 
that the blades were getting rejected due to 
wall puncture noticed at ventilating holes of 
HPT blades.

What is causing high rejection rate? 

As per the study, it was observed that the 
blades are received from Foundry& Forge 

shop with inner wall thickness of the casting 
at the lower side of tolerance limits (i.e. 
technological value Δ=1.4 to 1.95) due to 
which the existing process parameters of EDM 
(Electrical Discharge Machining) is not suitable 
to make holes without damaging the side wall 
with existing process parameters, resulting to 
rejection of approximately 9% to 25% of blades 
in a batch.

The process was studied and rigorous 
brainstorming happened between DGAQA and 
Production Agency, resulting in conclusion that 
high MRR (material removal rate) can be the 
main cause of puncture of ventilating holes.

How high MRR impact rejection of blades?

High MRR was in practice to increase 
production rate. For maintaining this high 
MRR, high amount of energy is needed which 
is a function of current given and length of ON 
time i.e. E ƒ(Iamp & ON TIME ).This was 
resulting in broader and deeper crater as well 
as Heat Affected Zone(HAZ) thereby causing 
wall puncture at ventilating holes of HPT blades 
and their rejection.

What we concluded!

During further discussion and study it was 
found that by reducing the MRR, it is possible 
to trade off lower productivity with reduced 
rejection rate. The EDM parameters like 
current is reduced to 57.14% and ON time 
(micro sec) was increased to 122.12% in 
stepwise approach with respect to existingEDM 
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variables withvoltage remaining constant. 
Limiting factors considered are the stability of 
arc and minimum heat generation for material 
removal. These changes in EDM parameters 
do not imply any changes / violation of existing 
technology.

Outcome and Verification:

The above mentioned process was followed for 
subsequent 2 batches after the establishment 

of optimum EDM parameters and the results 
are found to be very encouraging which are as 
given below:

Conclusion:

The above study and outcome will result in 
reduction in rejection rate of HPT blade and 
thereby saving the cost of production thus 
contributing in a big way towards saving to the 
state exchequer.  

REJECTION OF BLADES  WITH EXISTING 
TECHNOLOGY (PER BATCH) 

REJECTION AFTER ESTABLISHMENT OF 
MODIFIED PARAMETRS 

Quantity Rejected 
blades

Rejection % Quantity Rejected 
blades

Rejection %

73 7 9.58% 107 2 1.86%

28 7 25% 108 2 1.85%

About the Author:- Shri Navneet Mishra, SSO-II is posted at  OADG, Koraput and joined  DAQAS 
service in March 2020. 

fopkj %

xq.koÙkk dks vkRelkr djuk 

loksZÙke xq.k gS] ftlds  

}kjk loksZÙke gkfly fd;k  

tk ldrk gSA
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Release of report on Indigenisation of Military Materials by Hon’ble RM during Manthan Event 

DG, AQA handing over the Indigenisation certificate to industry in presence of Defence Secretary 

DG, AQA handing over the Indigenisation certificate to industry in presence of Defence Secretary 

DGAQA AT DEF EXPO 2022
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Inauguration of DGAQA Stall at DefExpo 2022 by Dr Ajay Kumar, Defence Secretary 

IAF & SIDM Seminar on Certification & Qualification of Airborne Stores for Supporting the Private Sector 
to Promote Indigenous R&D and Manufacturing

Handing over of DGAQA-AFQMS approval to Airbus for C-295 Project by Shri S Chawla, DG, AQA 

DGAQA AT DEF EXPO 2022
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Meeting with Reps of Airbus & TASL and DGAQA Team on C-295 Project 

Visit of Deputy Chief of Air Staff

Visit of  Vice Chief of Air Staff 

DGAQA AT DEF EXPO 2022
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Visit of AOC-in-C (Maintenance Command) 

Visit of SMSO at DGAQA Stall 

Visit of ACNS (Air Material) at DGAQA Stall 

DGAQA AT DEF EXPO 2022
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Visit of DG, QA to HQrs DGAQA

Pledge Taking Ceremony during Vigilance Week Celebration at HQrs DGAQA

Swatchta Campaign 2.0 celebration at OADG(Kpt) from 01 Dec 2022 to 15 Dec 2022

PHOTO GALLERY OF DGAQA
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Visit of Shri. Jayant Kumar, JS(Aerospace) to HQrs. DGAQA

Release of 10th Edition Vaimaniki Darpan Magazine 

Shri VSN Murthy, SSO-II has won the Gold Medal in 100 
mtrs freestyle at the 7th Telangana Masters Swimming 

Championship -2022 held on 30th Oct 2022. He has 
also won medals at 1st Andhra and Telangana Master 

Aquatic Championship held on 11 Dec 2022.

V  Nikhil S/O  Shri VSN Murthy, SSO-II has won medals 
at Hyderabad District Swimming Association conducted 

interschool competition, Gachibowli Swimming 
Association conducted Charminar Cup, Ranga Reddy 

District Aquatic Association conducted District Selection 
and several other competitions. 

PHOTO GALLERY OF DGAQA
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Shri P Mathiyazhagan 
superannuated as Director 
on 30 Nov 2022. He  joined 
DAQAS Service in July 1997.

Appointments, Promotions and Superannuations during Oct-Dec 2022

Shri Satish Kumar took 
charge as ADG, Nasik on 1 
Dec 2022. He joined DAQAS 
Service in Dec 1993. 

Shri Achyut Kumar 
Chowdhury took charge 
as Director, OAQA, Kolkata 
on 1 Dec 2022. He  joined 
DAQAS Service in Feb 2002.

Shri M Natesh 
superannuated as ADG (SZ)
on 30 Nov 2022. He  joined 
DAQAS Service in Feb 1994.

Shri Dashpati Upadhyay 
took charge as Director, 
SSQAG, Hyderabad on 1 
Dec 2022. He  joined DAQAS 
Service in Oct 2001.

Sl. No. Name of officer Designation Date of Joining FE/Unit

1. Swati Vina Lakhra JTO 17 Oct 2022 OADG, Nasik

Sl. No. Name of officer Designation Date of Superannuation

1. Rishi Kumar PScO 30 Nov 2022
2. G Neduncheralathan SSO-II 31 Oct 2022
3. Amar Singh SSO-II 30 Nov 2022
4. P R Khandate Foreman 30 Nov 2022
5. Dharmesh Kumar JSO 30 Nov 2022
6. M M Bankar Chargeman 30 Nov 2022
7. Budh Narayan Prasad Foreman 31 Dec 2022
8. Shuvendu Chakravorty Tradesman HSG-II 31 Dec 2022

Superannuations

Sl. No. Name of officer From To

1. J Naveen Kumar Reddy SSO-II, ORDAQA, Korwa SSO-I, ORDAQA, Korwa
2. Ashok Kumar Passy SSO-II, OADG, Nasik SSO-I, OADG, Nasik
3. Venkatesh B SSO-II, ALISDA, Bangalore SSO-I, ALISDA, Bangalore
4. Pawan Ramesh Vairagade MTD Ordinary Category, 

Dett. AQAW (A), Ambajhari
MTDG-II,  
Dett. AQAW (A), Ambajhari

5. J Narayan Raju MTDG-II, OADG, Koraput MTDG-I, OADG, Koraput
6. B Ranga MTDG-II, MSQAA, Hyd MTDG-I, MSQAA, Hyd

Promotion

New Joining/Appointments
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J¼katfy
OBITUARY

LoxhZ; Jh ;'kiky flag] iz-oS-v- 
 (1968-2022)

 Þftanxh ,d gh gS] vPNs ls ft;ks rks ,d gh 
dkQh gSA & es; osLVß

,slk dgk tkrk gS fd bZ'oj dks Hkh vPNs euq";ksa dh 
t:jr gksrh gS] blfy, vDlj ns[kk x;k gS fd vPNs 
yksxksa dk de mez esa gh LoxZokl gks tkrk gSA ,slk 
gh gekjs fç; lgdehZ LoxhZ; Jh ;'kiky th ds lkFk 
gqvk ftudk LoxZokl 13-12-2022 dh 'kke dks gks x;kA 

Jh ;'kiky th ftyk&djuky] gfj;k.kk ds jgus okys 
FksA mUgksaus viuh 12 oha d{kk rd dh i<+kbZ djuky 
esa dh vkSj fo|qr vfHk;kaf=dh esa Lukrd ¼B-Tech in 
Electrical½] {ks=h; baftuh;fjax egkfo|ky;] dq#{ks= 
¼REC, Kurukshetra½ ls fd;kA ;w-ih-,l-lh- }kjk p;fur 
gksus ds ckn mUgksusa fnukad 10-07-1996 dks ,e-,l-
D;w-,-,] oS-xq-vk-e-fu- gSnjkckn esa dfu"B oSKkfud vf/
kdkjh ds :i esa inHkkj xzg.k fd;kA

Jh ;'kiky flag dks fnukad 25-07-2001 esa ,e-,l-D;w-,-,-] 
oS-xq-vk-e-fu] gSnjkckn esa jgrs gq, viuh igyh inksUufr 
feyh vkSj mUgksaus ofj"B oSKkfud vf/kdkjh&II dk in 
laHkkykA fnukad 02-04-2007 esa mudk LFkkukarj.k {ks=h; 
funs'kd dk dk;kZy;] oS-xq-vk-e-fu-] xkft;kckn esa gqvk] 
tgka 24-04-2009 esa mudh ofj"B oSKkfud vf/kdkjh&I 
ds in ij inksaUufr gqbZA mudk LFkkukarj.k fnukad 
30-03-2017 esa vij egkfuns'kd dk dk;kZy;] oS-xq-vk-
e-fu] ukfld esa gqvkA ;gha mUgsa fnukad 05-09-2017 esa  
ç/kku oSKkfud vf/kdkjh ds :i esa nkf;Ro feykA bl 
foHkkx esa vkius 26 lky] 05 eghus ,oa 05 fnu rd dk 
,d yack lQj r; fd;k vkSj iwjh bZekunkjh] deZBrk 
,oa v[kaMrk ls vius nkf;Ro dk fuokZgu fd;kA og 
O;o;lkf;d dkS'ky ¼professional skill½ ls ifjiw.kZ FksA 
mUgksaus u dsoy vius drZO;ksa dk ikyu fd;k] vfirq 
lkjs rduhdh {ks= esa mR—"Vrk dk çn'kZu fd;kA 
ljdkjh lsok esa mudk ;ksxnku vrqyuh; gSA

Jh ;'kiky flag cgqr gh 'kkyhu] 'kkar] FkksM+s xaHkhj 
ijarq feyulkj LoHkko ds FksA vius ifjokj] 
fe=ksa ,oa lxs lacaf/k;ksa dh enn~ djuk 

fLFkfr pkgs tSlh Hkh gks] muds psgjs ij ges'kk ,d 
eqLdku FkhA rduhdh dk;ksaZ ds vykok Jh ;'kiky flag 
,d vPNs dfo Hkh Fks tks foHkkx ds fofHkUu lekjksg esa 
viuh dforkvksa dk ikB dj lek cka/ks j[krs FksA blds 
vykok vU; xfrfof/k;ka  tSls [ksy&dwn esa Hkh mudh 
fo'ks"k #fp FkhA

og vius ihNs vius cw<+s ek¡&cki] iRuh ,oa nks cM+s gks 
jgs csVksa dks NksM+ x, gSA muds ifjokj ds fy, bl 
{kfr dh HkjikbZ eqefdu ugha gSA ifjokj ds vfrfjä 
Jh ;'kiky flag dk LoxZokl foHkkx ds fy, Hkh Hkkjh 
{kfr gSA

muds lg;ksfx;ksa ,oa dfu"Bksa ds fy, mudk ekxZn'kZu 
ges'kk ;kn fd;k tk;sxkA mUgksaus mu lHkh dh ln~Hkkouk 
vftZr dh ftuds thou dks mUgksaus NqvkA mUgksaus 
viuh vk[kjh lkalsa ,p-,-,y- Vkmuf'ki] vks>j¼ufld½ 
ds eSnku esa fØdsV [ksyrs gq, yhA Jh ;'kiky flag 
o mudk rduhdh ;ksxnku bl foHkkx esa ges'kk  
Lej.kh; jgsxkA

LoxhZ; Jh ;'kiky flag ds thou ,oa lsok dh 
;kn esaA

LoxhZ; Jh jkts'k dqekj xq#ax] voj Js.kh fyfid

gesa vR;Ur nq%[k ds lkFk lwfpr djuk iM+ jgk gS fd vks-,-D;w-,-] Mh-th-,-D;w-,-] jk;iqj nsgjknwu esa 
dk;Zjr Jh jkts'k dqekj xq:ax] voj Js.kh fyfid dk fu/ku fnukad 29 fnlEcj 2022 dks gks x;k 
gSA laiw.kZ Mhth,D;w, ifjokj fnoaxr vkRek dks viuh J)ktafy vfiZr djrs gq, izkFkZuk djrk gS fd 
bl nq%[kn ?kM+h esa bZ'oj muds ifjokj dks fgEer ,oa 'kfä iznku djsaA

d d
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How Aerospace Industry can 
use Digital Twins to improve 
Fleet Management and 
Sustainment 
Gokulraj K, SSO-I 

Minimization of High Pressure 
Turbine (HPT) Blades rejection 
rate via EDM Process 
Parameters Modifications 
Navneet Mishra, SSO-II
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This magazine can be viewed on DGAQA website at https://www.dgaeroqa.gov.in/ under ‘Media’ menu.
Director General of Aeronautical Quality Assurance, Ministry of Defence

7th Floor, ‘A’ Block , Defence Offices Complex, K.G. Marg, New Delhi-110001
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7th Regional Directors /HoEs Meet at ALISDA, Bengaluru


