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What CMTI would offer ?

CMTl is an Autonomous R&D Institute under the Ministry of Heavy Industries, Government of
India. CMTI has evolved as a Centre of Excellence for Machine Tool and manufacturing
process development; developed special purpose machines for various needs and
significantly assisted MSMEs by providing high value added services. The in-House
capabilities cover the entire product development cycle viz., ideation, design, manufacturing,
testing of pilot plants, and system integration in related areas. CMTI undertakes research,
develop process technologies and machines, trains manpower and deploys the solutions to
industrial applications.

The domains include Ultra-Precision Machine Tools, Micro Nano Manufacturing, Special
Purpose Machines and Equipment, Sensors and Machine Controls, Textile Machineries,
Smart Manufacturing and Industry 4.0 enabled technologies, Additive and other Special
Manufacturing Processes, Precision Metrology, Aircraft LRUs including test rigs development
& qualifications, Skilling and Re-skilling systems, Technology Transfer and Incubation.

Around 54 technologies developed over the years have been identified which are ready for
commercialisation. CMTI also offers practice based learning, training, finishing school,
internships, student projects and technical services such as design and manufacturing
consultancy, technology incubation.

Technology transfer/supply of the technology would include Technology Licensing,
Handholding till the licensee organisation commercialise the technology in the market, start-
ups incubation and customization.
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Achieving manufacturing technology excellence through S&T driven

VISION solutions to 4P (Product-Process-People-Production) challenges of

PURPOSE

industry.

Enhanced focus towards established credentials to bring back

repeated customers: certification & financial stability

Better services to MSMEs and institutions — effective utilization of

facilities

Product - Process innovation: Bringing knowledge creators and

wealth creators together

— Transformation from service oriented institute to technology
origination institute

— High end technologies to remain relevant among peers
(New to India/New to world)

— Machines and process interventions to home-grown
industrial clusters: high societal impact

—  Entrepreneurship promotion: Training, incubation to ensure
long time sustainability in India.

Academy of Advanced Manufacturing Technology

— Recognized research center — Offering MS by research and
Ph.D degree programs

— Providing platform for professional growth of internal
manpower: Minimum of 50% Scientists Ph.D by 2025

—  Establishing open innovation platforms

Emphasized efforts towards knowledge generation, [IPR
protection, up-skill of HR, knowledge dissemination, and
technology marketing

To undertake research, technology development, training and

application that

— helps industries in achieving excellence in technology &
improving productivity

— delivering the benefit of emerging manufacturing
technologies and services that stimulate economic growth
of the country
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Directors’ Report

The Central Manufacturing Technology Institute (CMTI) is an Autonomous R&D Institute under the Ministry of
Heavy Industries (MHI), Government of India. CMTI is primarily focused on developing Science and
Technology (S&T) driven solutions to address 4P (Product — Process — People — Production) related challenges
in the manufacturing sector. Accordingly, CMTI activities have four-folds. The first is to develop emerging machine
and manufacturing process technologies that are new to India if not to the world. The second is to develop
specialized and customized machines, process technologies, and automation systems to meet the customers’
requirements. The third activity is focused on providing high-value-added technical services, skilling and reskilling
of industry and academic manpower leading to capacity building and productivity enhancement in their business.
The fourth important activity is promoting advanced technology intervention, technology licensing, incubation,
entrepreneurship, and open inclusive innovation in chosen areas of machines, processes, and allied areas.

The focused domains include: Ultra-precision machine tools, Special purpose machines, Sensors, and machine
controls, Textile machinery, Smart Manufacturing, and Industry-4.0 enabled technologies, Additive and other
special manufacturing processes, Precision Metrology, aircraft LRUs including test rigs development & qualifications,
Skilling, and Re-skilling (experienced learning). There are about 60 technologies that are ready for licensing for
industrial use and manufacture in multiple. CMTI also hand holds the technology licensee and the start-ups through
incubation/consultancy until the commercialization of acquired technology. In 2021-22, CMTI has successfully
developed about 27 solutions that include machines, processes, and software, which are new to the Indian
manufacturing sector and supplied to various customers. We have filed four patents and copyrights, published
14 papers, and generated revenue to the tune of Rs. 39 Crores from the sponsored R&D projects and services.

In our focused journey of transforming ourselves (CMTI), several new research initiatives have been taken.
CMTI believes in technology development inclusively. While research, technology, training, and application
deployment are the essential stages of systematic process development, CMTI strongly emphasizes Cooperation
(working side by side in harmony) and Collaboration (working together for value addition to all stakeholders).
In the institute, we have reoriented and consolidated our activities towards pursuing outcome-based research.
In this journey, we have signed several MoUs and project agreements both with industries and academic
institutions. This includes our initiative to develop 16 new machines and subsystems over the next three years
jointly with 13 industry partners with partial financial support from the Ministry of Heavy industries. Significant
importance has been given to original technology development to deliver novel and cost-effective solutions in
selected areas of manufacturing science, process technologies, machines/system developments, and allied areas.
CMTI also intends to initiate a few emerging research that is relevant and in line with future manufacturing trends.
This includes, open source hardware and software’s leading development of new generation machine
controllers which are modular and adaptive control, indigenous development of aircraft LRUs like engine driven
pump, gear rotary actuator, machine aggregates like precision ball screws and LM guide ways, Indigenous
development of AM machine with larger built-up volume are few to mention. CMTI is committed to moving
ahead in our journey by harnessing science and technology know-how and manufacturing science and integrating
several youngsters to develop practical solutions to industries leading to trained manufacturing manpower
contribution to technological self-reliance in the country.

Best Regards,

Yours Sincerely,
Dr. Nagahanumaiah
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Additional Chief Secretary,
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Chairman, Research Advisory Board - CMTI & Director,
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Founder Director,
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Secretary,
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Lakshmi Machine Works Limited,
34 A, Kamaraj Road,

Coimbatore - 641 018

Tamil Nadu
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Professor, IIT Madras &
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Room No.106, Manufacturing Engineering Section,
Dept. of Mechanical Engineering,

IIT Madras, Chennai - 600 036

Tamil Nadu



Prof. Pramod Kumar Jain

Director,

Indian Institute of Technology (BHU)

A-9 Principal Colony, Banaras Hindu University,
Varanasi - 221 005
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Chairman and Managing Director,
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Asia and Director,
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Executive Director,

Textile Machinery Manufacturers Association (TMMA),

No.53, Mittal Chambers, Nariman Point,
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Chairman,
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CMTI
India’s Pride

CMTI’s endeavour to build world class applied R&D institution is motivated by Atmanirbhar Bharat of Government
of India. CMTI is an R & D organization focusing its efforts mainly on developing technology intensive products,
machines, subsystems, process technologies and providing value added services for manufacturing technology
growth in the country. In India CMTI has evolved as a Center of Excellence for Machine Tool and Manufacturing
Process Development. The Institute has developed special-purpose machines for various needs and having
established unique facilities, significantly assisted MSMEs by providing high value-added services. Additionally,
CMTI has established good links with R&D institutes including IITs/IISc, ISRO, DRDO, BARC and CSIR as well as
industry associations such as Cll, IMTMA, TMMA and others. They all have recognized CMTI as an integrated
solution provider under a single roof. This has been possible with in-house capabilities covering the entire product
development cycle viz. ideation, design, manufacturing, testing of pilot plants, and system integration in the field.

What and How CMTI would contribute in realizing self-reliance in selected areas of machine and manufacturing
science includes the following.

“Today CMTI undertakes research, develop process technologies and machines,
train manpower and deploying to industrial applications”

e Ultra-precision machine tools e Additive and special manufacturing processes

e Special purpose machines and equipments e Precision Metrology

e Sensors and controls e Aircrafts LRUs and test rings & qualifications

e Textile machineries e Skilling and Re-skilling — industry ready manpower
e Smart manufacturing and Industry-4.0 training

e Technology Licensing and Incubation

¢ Value Added technical services in various domains of manufacturing: CMTI is housed with state of the art
equipments and instruments. We would provide several laboratory services.

- Machine Tool and its aggregates: Machine (qualification) performance test, Safety, Vibration and Noise.

- Measurement and Calibration: CMTI is NABL certified lab. We would provide high-end services like laser
interferometry and calibration of masters used in metrology labs.

- Re-engineering of high - value replacement components and subsystems: Metal based additive manufacturing
(3D-Printing) services could be availed from CMTI for replacement and reconditioning of highvalue components.

- Aerospace Qualification Tests: Aerospace Lab. at CMTI undertakes qualification test including design of test
rigs. We would like to provide these services and if GoK is providing the opportunity CMTI could establish the
CFC with Indigenous developed test rigs at upcoming Aerospace park.

- Material Testing and Metallurgical tests: Various test services including the implementation of better quality
management systems and standards are available at CMTI.
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- Nano-Manufacturing and Nanomaterial Characterization Services:
a) Nano-manufacturing: CMTI could create a features as small as 8 nanometers over metals;

b) Nanomaterial characterization: All most all the facilities for nanomaterials and surface characterization
required are installed at CMTI. We are already offering these services with 25% discounted rates to
academia and agency like RDSO have recognized CMTI as certifying agency for their supply chains.

e Skilling and Re-skilling:

- Training Programs: 55 training programs (2 - 5 days) annually for working professionals; about 25 corporate
training programs of 15 - 30 days duration.

- Active learning workshops for Engineering Students: CMTI| would develop customized programs to teach
the practical skills while they are at engineering schools. This is grossly missing in many of the engineering
schools. GOK must do something towards this, CMTI would like to extend the support in this regard.

- Finishing Schools: CMTI is planning to start 3 - 6 months finishing schools for passing-out engineering students
to make them industry employable manpower. GoK / Industrial clusters could sponsor the trainees.

- Summer Internships: CMTI has already started summer internships offering annually 100 internships of 2
months. If GoK interested to sponsor these interns and make the dedicated programs to impart active learning.

- Design of On-line self-learning courses for MSME workforce: These programs are primarily focused on
self-learning, troubleshooting advisories related to smart manufacturing.



CMTI Endeavours

The strategy to have multiple centres of excellences across - Machine Tools, Special Purpose Machines,
Smart Manufacturing, Micro and Nano Manufacturing, Additive Manufacturing and Special Manufacturing
Processes, Laboratory Services has led to CMTI’s journey of transformation from a company that was doing
many activities to focused activities with pioneering leadership in applied R & D activities.

Centre for Planning, Admin,
Finance & Engineering Services

C-PAFE
Centre for Additive & / Centre for Project Planning
Special Manufacturing Processes C-ASMpP | C-PP & BD and Business Development
'\‘\
= g
8 Centres
Centre for Sensor, Vision C-SVTC of C-AEAMT Centre for Skill

Technology & Controls \ Development
\ Excellence _—
- —

Centre f(?r Micro & Nano C-MINTM C-SPM Centre for Machine To?ls &
Manufacturing & Metrology Special Purpose Machines

T C-SMPM

Centre for Smart Manufacturing,
Precision Machine Tools & Aggregates
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CMTI Performance

CMTI pioneers in cutting-edge Machines and Manufacturing Processes technologies that deliver competitive
solutions to meet India’s manufacturing needs.

—da __4a _aAa _A _A o

Income (lakhs) Projects & Services MHI Grant Interest and Others Increase/(decrease)in WIP

36089 33919 31500 3591 77

—4d A 4 4 A

Expenditure (lakhs) Stores & Spare Establishment Administrative Depreciation

36198 31530 32739 3733 31194

2021-22

2020-21

2019-20

2018-19

2017-18

2016-17 Income (Rupees in Lakhs)

Number of Products, Machines & Technologies: 12

Number of Research Publications: 14
Number of Patents and Trademarks Filed: 04
Number of Sponsored Projects Completed: 13
Number of New Sponsored Projects Initiated: 20
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10.

11.

Manufacturing

Research Papers Technology
Today

Abraham, lJins., Harsha, S., Nisarga, K. (2021). Design and development of a high sensitivity microphone.
Advances in Micro and Nano Manufacturing and Surface Engineering, Proceedings of AIMTDR 2021,
Coimbatore.

Agrawal, Megha., Manohar, Bottumanchi Morish., Kusuma, N. (2021). Review of Cu-Cu thermo compression
wafer bonding techniques for micro-system integration. Indian Journal of Engineering and Materials
Sciences (IJEMS), 28 (2).

Harsha, S., Mahalakshmi, S., Adarsh Mathew Abraham., Sathwik, Dinakar, G. (2021). Experimental research
of adaptability of palladium coated copper material as an alternative for bare copper or gold material
in conventional wire bonding, 2021 World Congress on Micro and Nano Manufacturing, [IT Bombay,
Mumbai, India.

Karthik, M.S., Raju, V.R., Niranjan Reddy, K., Balashanmugam N., Sankar. M.R. (2021). Experimental study on
cylindrical grinding of bearing bush to improve surface finish, All India Manufacturing Technology,
Design and Research Conference (AIMTDR 2021), Coimbatore

Krishna, A., Aravinda, L. S., Murugan, A., Kumar, N. S., Sankar, M. R., Nagahanumaiah, Reddy, K. N., &
Balashanmugam, N. (2022). A study on wafer scalable, industrially applicable CNT based nanocomposites of
AI-CNT, Cu-CNT, Ti-CNT, and Ni-CNT as thermal interface materials synthesised by thin film techniques. Surface
and Coatings Technology, 429. https://doi.org/10.1016/j.surfcoat.2021.127926

Kusuma, N., Pradyumna, J., Tulasi, A., Upadhyaya, Asha R. (2021). Design and modelling of piezo-resistive
MEMS accelerometer for crash test application, VETOMAC 2021 Conference proceedings of the XVI Vibration
Engineering & Technology of Machinery Conference, B.M.S College of Engineering, Bengaluru.

Manjunath, M.A., Prakash Vinod, Balashanmugam, N., Sankar, M.R. (2021). Finishing of Laser powder
bed fusion based turbine blade sample using polymer rheological abrasive fluids, 8" International & 29*
All India Manufacturing Technology Design & Research (AIMTDER 2021), Coimbatore

Niveditha, R., Anil Kumar, K., Bendigeri, Chandrashekar (2022). Design of tool post guide way for portable
weld cutting machine, International Conference on Recent Developments in Mechanical Engineering
(ICRDME-2022), Siddaganga Institute of Technology, Tumakuru.

Pandey, Susheel., Srivastava, Rajeev., Narain, Rakesh,. Vinod, A. R. (NA). Laser assisted deposition of 15Cr5Ni
stainless steel: Process parameter optimization and microstructural study. Part C: Journal of mechanical
engineering Science (accepted for publication).

Pavankumar, A., Deepa, R., Kavitha, V. (NA). Factors affecting the accuracy of a laser scanner. In Shukla,
Pancham, Aluvalu, Rajanikanth, Gite, Shilpa and Maheswari, Uma (Eds). Computer Vision: Applications of
Visual Al and Image Processing, De Gruyter

Pavankumar, A., Deepa, R., Kavitha, V. (2021). Evaluation of Stereo Camera Calibration for Metrology
Applications, Recent Trends in Electrical, Electronics, Communication and Instrumentation” (ICRTEECI 2021),
Hyderabad.



12. Pavankumar, A., Deepa, R. (2021). Interference fringe based metrology, 2™ International Conference on
Industrial and Manufacturing Systems (CIMS-2021), Chandigarh.

13. Shivam kumar, Anil kumar. K., Deepak Singh D., Boopathy, G. (2022). Comparative study of mixing performance
under mcirofluids for long tube and tesla valve using CFD analysis in application for cold gas thrusters.
Researchgate.

14. Tulasi, A., Kusuma, N., Pradyumna, J. (2021). A Brief review on materials used in MEMS devices for various
applications, International Symposium on Materials of the Millennium: Emerging Trends and Future
Prospects (MMETFP-2021), Gandhinagar.

Patents, Copyrights and Trademarks

1. A patent titled “An apparatus for High-speed weft insertion in shuttleless rapier looms” was published
(16/11/2021) & further requested for Examination

2. Copyrights have been filed for the software titled “Software for Data Acquisition and Measurement
of Spindle Running Accuracies and Ultra Precision Displacement Measurements in Nanometer Level.”
Dairy No. 21996/2021-CO/L 2021 Copyright Office, New Delhi

3. Copyrights have been filed for the software titled “Control Software for Projection Micro Stereolithography
Systems.” Dairy No. 22071/2021-CO/L 2021 Copyright Office, New Delhi

4. “Diamond like carbon fibres and a method thereof” — Indian Patent Office Application No.: 202141055560
dated 30.11.21



Products and Technologies Developed m e WE

lloT Enabled Smart Condition Monitoring Module for CNC Machines

Machine tools are already highly productive today.
Production processes, mechatronics and handling
(loading and unloading), are optimized and fully
automated. How can the productivity of a machine
tool be further increased, and where is the potential
for savings? The potential lies in the data of the
machine. Specifically in the data that is generated in
the machine during operation but has not been used
to date. With industrial edge computing for machine
tools, manufacturing companies have a simple,
proven and secure means of determining and
evaluating the machine's data during operation. This
allows them to unlock the machine's full potential
and reduce quality costs or downtime. CMTI has
developed a low-cost EDGE controller for converting
smart and condition-based monitoring applications
for legacy machines.

[P ————

lloT enabled smart condition monitoring
module for CNC machines

Intelligent Non-Contact Thermal Screening & loT Enabled Attendance Monitoring System
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loT enabled attendance
monitoring system — developed prototype

The covid 19 pandemic has disrupted economic
and social activities worldwide. Social distance
remains the norm in these times of pandemic,
and a manual attendance system poses a risk of
spreading the virus. There is also a need for a safe
way to measure temperature to screen a person with
elevated temperature. This device is a highly efficient
intelligent non-contact thermal screening and person
identification system developed using low-cost
hardware and open-source software tools. This
touchless and automatic data collection system can
help prevent the spread of this virus. The system was
designed using raspberry pi as an EDGE computing
unit, MLX90641 infrared temperature sensor for
non-contact 2D thermography-based temperature
measurement, a 5 MP camera for visual input, and
raspberry pi display unit and artificial intelligence (Al)
for personal identification. The person identification
module uses a histogram of oriented gradients



to detect faces, facial landmark estimation for face alignment, deep metric learning with triplet loss for facial
feature extraction, and a k-nearest neighbour algorithm for classification in the pipeline to recognise and
classify faces. All the individual hardware components were assembled through the raspberry pi and
tested in real-time. Essentially, the system acts as a video-based EDGE device that identifies the person for
automatic attendance registration and measures their body temperature for fever screening. The measured
temperature and recognised face information are displayed in the raspberry pi’s display unit and provide a
warning message when the measured body temperature exceeds the critical value or unrecognised face.
The face recognition model produced a 95.74% true acceptance rate for the test dataset and a false
acceptance rate of 0.1%.

Process Technology for PZT Dicing

Developed a process technology for Dicing Piezoelectric Materials-PZT
(lead zirconatetitanate) Crystal was successfully carried out using femto
second laser for 1I1Sc, Bengaluru. The width and depth of dicing are 200 um
and 100 um respectively.

Images omachined PZT
crystal

Design and Development of Piezoresistive MEMS Accelerometer for Automotive Crash
Testing Applications

Piezoresistive based MEMS Accelerometer is very much suitable for automotive crash testing applications.
This sensor consists of proof mass, four guided beams connected to proof mass and frame structure, the
piezoresistors are mounted in the region where more stresses is there for better sensitivity. This sensor is used
to measure vibration level during crash testing by the OEM of automotive industries, and it’s operating ranges is
upto +500g, frequency response is from 0 to 6K and resonant frequency is 26KHz.

Current Status: Design of piezoresistive MEMS Accelerometer is completed and validation is under progress.
Fabrication process identification and mask designs are ready, interaction is done for DRIE, diffusion furnace and
PECVD processes to be done at NNFc, CeNSc lab at IISc.

MEMS Accelerometer

Objective: Design and development of MEMS Accolerometer for automotive crash testing
applications,
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Piezoresistive based MEMS accelerometer



Design and Development of Signal Conditioning ASIC using VLSI Technology

for MEMS Sensors

Overview and Current Status: Design of a Signal
Conditioner ASIC using VLS| technology for MEMS
Sensor was taken up for capacitive based and resistive
based MEMS sensor. It consists of an Amplifier, filter
and ADC for digital output and scaling is done for
analog output.

Cadence software tool is used for designing the ASIC
where a 2 stage Op-Amp design technique is used for
Amplification, Active low pass filter design technique is
used for filtering and a 4 bit SAR ADC / Flash ADC design
technique is used for analogy to digital conversion. This
involves the numerical deign, schematic design and
layout design, post layout validation, fabrication and
packaging for all the components in the VLSI design.

ASIC Design of a Signal Conditioner for MEMS Sensor
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Design and Development of Ultrasonic Based Oxygen Sensor

Overview and Current Status: Design of Ultrasonic

Prototype of flow sensor using
arduino uno rev3

based oxygen sensor is taken up for medical applications.
Ultrasonic transducers are used for measuring the flow
using time of flight method. Sensor data is acquired using
a micro controller.

A prototype mechanical design and model was developed
and displayed at STDC building Inauguration for flow
measurement using time of flight method. Further the
gas concentration is to be calculated and also 02 gas
identification needs to be done and concentration has to be
measured and displayed.

Design and Develop the Signal Conditioning Circuit,
Corrugated Diaphragm, Assembly, Package and Oil

Filling of MEMS Pressure Sensor

MEMS Pressure Sensor Packaging

The piezo-resistive based MEMS pressure sensor die was
obtained by M/s SCL, Chandigarh, signal conditioning circuit
was designed and fabricated, diaphragm was designed and
fabricated at CMTI, later assembly and packaging of the
sensor was taken up at CMTI STDF facilities, Qil filling was
done at SITAR, Bengaluru and encapsulation was also done at

CMTI. Testing is under progress.
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Development of Digital Fringe Projection Scanner

e DST Project titled “Development of Digital Fringe Projection Scanner” is nearing completion. Optical tracker
has been developed. Integration and user interface development work is going on.

e Fabrication of outer casing of optical tracker is completed.

Development of Hand-Held Laser Scanner

e Fabrication of outer casing of hand-held laser scanner has been completed.

Design and Development of Microcontroller based Control System for Shuttle-Less
High Speed Rapier Loom

¢ Industry: Textile machinery.

¢ Integration of controller with 450PPM textile machine.
Dably Controlier Modube ‘ta'-.*l-_ T

Electronic Ratary Dobby

Controller testing for various functionalities of loom
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Development of Thermal Error Compensation
(TEC) Module for Machine Tools

Thermal error compensation module implementation

¢ Implementation of TEC in Machines for
M/s MACPOWER and M/s Kennametal India
Pvt. Ltd.

e Patent Filed: “System and Method For Real Time
Thermal Error Compensation In Machine Tool
Using Temperature Measurement”.

MEMS Based Thermal Mass Flow Sensor for Ventilator Application

Thermal flow sensor sense the change in flow by
measuring in change in fluid temperature. The heating
to the fluid is provided through the micro heater and
the change in temperature of liquid is detected by
temperature sensors. Nickel thin film based heater and
temperature sensor are fabricated. Thin film based
silicon flow sensors are designed and fabricated on
wafer level. After dicing, electrical contacts are provide
to die and it is assembled in mechanical casing to
complete the packaging of thermal mass flow sensor.
MEMS based thermal flow sensors are getting more
importance due to their ease of fabrication, small size
enabling precise local temperature measurements,
high measurement resolution.

Project Status:
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¢ Thin film based thermal mass flow sensor chips has been fabricated using MEMS technology.

e Customized PCB module for read out electronics of it is also developed, integrated with working model and

tested.

e Assembly and packaging of flow sensor prototype is completed.

e Complete sensor testing along with readout electronics is under progress.

Polymer Lens for Smartphone Microscopy

PDMS lenses have been fabricated without any mould. These lenses are developed using droplets of PDMS.
These can be directly attached to the smart-phone camera without any extra attachment and can be used
to convert smart-phone camera into a microscope. This is a very cost effective and hand held solution for
capturing images at micron level. The effect of substrate texture/ nature on quality of fabricated lens is
analyzed. The main advantage is that the lens can be fabricated with very low surface roughness without any
mold and doesn’t require very high value equipment for fabrication.
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Project Status:

Lens using droplets of PDMS are fabricated with
the resolution upto 7um and experimentation for
enhancing the resolution further is in progress.

Experimental work for improving the image quality
is under process

Designed and 3D printed the fixture for converting
smart-phone into Micro-scope setup for
Smartphone

Development of auto-dispensing unit is under
progress

/R

Fxture For Holding the slide on
smart phone with different lenses

Test mask Image Taken
Using Mobile Camara

1drop lens 2drop lens

Bdrop lans

Scalable Next Generation Perovskite Photovoltaic Using Versatile Integrated Back Nano
Contacts (IBnC) Architecture

To harness renewable and clean source of energy (sunlight) by solar photovoltaic (PV) devices that directly
convert sunlight into useful electrical energy. To have lateral back contacts based PV architecture (p and n type)

under semiconductor. 100% utilization of area compared to conventional bottom and top electrode.

Current Status:

Bilayer resists compatibility optimization.

Optimization of bilayer resist thickness.

Nano imprinting on optimized bi layer resist recipe.

Process establishment on pattern transfer from Si hard stamp to IPS stamp.

Outcomes of the projects and their relevance to the industry

Integrated back nano contact technology will be instrumental for emerging solar cell industries with scalability

on large areas as the key feature.

Master Si stamp Pattern transfer HE-IPS stamp
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Development of Dissolvable Micro Needle Array for Drug Delivery Applications

MNA Deformation Experiment

“i\#h BT i
I

ThdmM 200mN I0OmMN
Load (Axial)

Commercially available HA + Drug loaded MNA
MNA patch

To develop hydrogel based micro needle array patch for delivering novel drug for skin blemish application.
The technological challenges in the project.

¢ Arriving at optimal concentrations to achieve the required consistency for the micro needle array patch.
¢ Development of micro needle array moulds for fabricated the drug loaded needles.

e Thorough literature survey was carried out for fabrication of PDMS mould and iterations were performed to
arrive at optimal concentrations for the micro needle array patches.

¢ These patches were characterized and shipped for further studies.
Status:

e Optimized PDMS moulds fabricated.

e Optimized concentration of drug and carrier materials arrived.

¢ Fabricated MNA patches.

¢ Mechanical characterization completed.

¢ Dispatched the needles for further trials.

Contra Rotating Propellers

Contra rotating propellers are used for propelling the torpedoes. There are two variants of propellers FWD
propeller and AFT propeller, which forms a set of contra rotating propeller. M/s BDL has placed order for 15 sets.




The technological process of manufacturing these propellers was developed by the manufacturing team.
The complex shape of the propeller blades require up to 5 axis CNC machining.

Also, the close tolerance values on blade profile demand inspection on CMM. CMTI has developed the
technology, a novel inspection methodology making use of the PCDMIS software on CMM that compares 3D
CAD model with the part. CMTI has supplied 10 sets of the propellers to M/s BDL in the month of March and
is set to supply the balance quantity by May 2022.

Manufacturing and Supply of M-105 Stud and Nut SN-105

The project involves production of 35 sets of studs,
nuts, central rod, Adaptors required for strategic
sector. CMTI has developed the technology for
manufacturing of diffusion aluminized threaded
adaptor sleeves. The challenge here is to manufacture
high precision thread assemblies and maintain the
precision after diffusion aluminization process. The
studs and central rods are of more than 1m length.
The components are to have concentricity of 50
Microns wrt the axis over 1 m span at both ends. The
threads are subject to thermal distortions during
multiple heat treatments. So an additional lapping Gages and components of SNW project
process is necessary to maintain the thread

axis straightness as well as thread Fits. The necessary fixturing and technology is being developed to
maintain the required accuracies. The technology for manufacturing of nut and stud components,
development of gages to check the dimensional parameters, qualification through gages, and
obtaining the desired size initially is being carried out through mockup trails by manufacturing
team. The components have to be then diffusion aluminized and finally lapped and suited with Go and No
Go gages which have been developed in-house. This project is currently under progress. The project is on
course to completion on Oct 2022.

Twin Screw Mixer and Extruder

This project is envisages manufacturing of a co rotating mixing and
extruding machine for propellant processing which is a prestigious first time
development effort taken up by CMTI to generate indigenous know-how
on the product & process technology on twin screw mixing and extrusion
for propellant processing. This mixer is being developed for DRDO Lab,
M/s HEMRL, Pune.

The kneading and conveying elements (110 No.’s) are having complex 3d
profiles which demand profile orientation to be maintained with respect to
an internal spline tooth profile within 10 microns of accuracy. Spline fixturing
was developed to maintain the required accuracies. The other challenge
involves manufacturing of spline shaft having involute spline to provide the
drive during mixing. Two sets of elements of SS316 and Ampco 45 materials
have been manufactured and supplied in Nov 2021.

@
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Axial Piston Pump

This project is of strategic importance being developed for M/s ADA for
aerospace application. The project involves developing technology for
manufacturing of piston and barrel which have high geometrical accuracy
requirements and very high surface finish requirements. Special boring
tools were. The grinding processes have been replaced by vertical boring
operation. The accuracies of the bores and surface finishes have been
achieved to specification and the required pump capacities have been

Axial piston pump cylinder

reached. The pump is under trail for achieving higher delivery rates.

PSOM 12x5 Recirculating Ballscrew

This project involves the manufacturing and assembly
of 600 nos. re-circulating ballscrew of 12x5 size.
12mm is the nominal pitch circle diameter and 5mm
is the pitch of the ball screw. The project involves
manufacturing of 4 components for each assembly
they are Nut, Sleeve, Screw and Defecletors. The
assemblies manufactured are of JIS CO class of
accuracy, with starting frictional torque of less than
0.02kgf/cm?. The manufacturing team is involved

12x5 PSOM ballscrew assembly

with the machining of all the

components

of assemblies. Rough machining as well as critical processes like thread grinding, OD and ID grinding of
components have been carried out in CMF. First batch of 15 nos. of Ballscrews was handed over to LPSC in
March 2022. The balance gty is under manufacturing in CMF and is expected to complete by December 2022.

Aerostatic Spindle

Air spindle assembly

This project involves the manufacturing and assembly of a spindle
for precision diamond turning application for manufacturing
of components of submicron and nanometric surface finishes.
Spindle is having air bearing for both radial and thrust directions.
The assemblies have water cooled channels for bearing and motor to
avoid thermal growth. The bearing and spindle shafts had submicron
form accuracies. The challenges also involved alignment of the double
bushes and inline grinding of radial bearing. Suitable fixtures were
developed by CMF team for manufacturing of these components
and achieving the required accuracies. Finally the running errors of less
than 100nm were achieved and a uniform bearing gap of 10 Microns
were achieved.



Battery Operated Test Rig

This rig is designed and developed by CMTI for Indian Air Force. This is used for charging of parking brake
accumulator. This is portable and battery operated and can be easily taken from one parked aircraft to another
parked aircraft without worrying about length of electrical cable.

Battery operated rigs ready for delivery




Major Projects Delivered

Twin Screw Mixer Extruder (TSME - 42)

M/s HEMRL, Pune has placed an order for design
and development of Twin-Screw mixer Extruder for
processing of composite propellantin July 2018. This
is a pioneering effort in the country in development of
mixer extruder for propellant processing. The prototype
laboratory model was successfully developed and
demonstrated. The design, development and dispatch
of production version of TSME along with accessories
is completed in Sep 2021. Installation & commissioning
of mixer extruder is completed in Dec 2021.
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Production model of twin-screw mixer extruder

Ghana Indhana Mishrana Yantra 1200 Litres (GIMY — 120) - 3" Machine

Design, manufacture, supply, installation and commissioning of THREE nos. of vertical planetary mixers
(1200 litres) for mixing solid propellant ingredients were ordered by M/s Ordnance Factory, Itarsi (OFI) in
November 2016. The first machine was developed, tested and delivered in 2018, as per schedule.
The second machine was developed, tested and delivered in November 2019. The third machine was
developed, tested and delivered in December 2020. Machine installation at OFC, ITARSI is completed
in Mar 2022.

Air Bearing Spindle (Nanospin)

Air Bearing Spindle (Nanospin) with integrated motor & encoder
was developed and integrated to ultra precision turning machine
(USUPTM-2). The machine is delivered and installed at customer site.
The technology of nanospin is licensed to a machine tool OEM as a
package along with the technology transfer of Nanoshape T250.
Nanospin is an air bearing spindle which incorporates indigenous
bearing restrictors for both radial and axial directions with high
stiffness value of more than 80N/micrometer in radial and 150 N/
micrometer for axial directions. This helps the user to load upto 500N
load on the spindle for ultra-precision applications. Nanospin offers
excellent levels of spindle running accuracy with errors of less than
200 nanometres. The present spindle is designed for a maximum of
5000rpm integrated with a direct drive frameless rotary motor of 1lkw capacity with low cogging
force. The spindle has provision for liquid cooling of motor and bearing for maintaining temperature
stability and to reduce thermal growth. For use in ultra-precision machines, the spindle has provision




for a vacuum chuck, to hold components with least possible deformation as compared to clamp
holding chucks. Also, the spindle offers many more class-apart features such as near zero thermal
distortion, high dimensional stability, no harmonics, no air hammer effect, laminar flow of air for bearings,
etc. With all these features the offered spindle Nanospin AIM 80 becomes an ideal product for OEMs
involved in development of machines like single point diamond turning, ultra-precision grinding, metrology
equipments like form testers, etc.

Ultra Stiff Ultra Precision Turning Machine (USUPTM-2)

Ultra Stiff Ultra Precision Turning Machine with indigenous
aerostatic spindle (USUPTM-2" machine) had been shipped
to customer site during February 2021. The machining trials of
standard and customer components were done and desired
machining accuracy were achieved at customer site. The
machine has been successfully installed and commissioned at
customer site.

Ultra stiff ultra precision turning
machine (USUPTM-2)

Development of Unified Control Panel for Foundry System

The Unified Control Panel connects to the control panel of each of the below-mentioned hardware units:
e 3D Printer

e Mould Making Unit

e Melting & Pouring Unit

e Sand Reclamation Unit (system not installed)

The unified control panel is the primary source of power supply (1 Phase & 3 Phase) to the individual
hardware units. It contains electrical control and soft control panels (through PiPo PC) for individual
hardware units. It also includes stack light to provide visual and audible indicators of a machine's status to
machine operators.

yyl; DEVELOPMENT OF OT ENABLED UNIFIED CONTROL PANEL FOR SMART
{0 FOUNDRY




Important Events

Demonstration of TSME-42 production machine to Dr. Mahendranath Pandey,
Honourable Minister — MHI during his visit to CMTI on 06" Sep 2021

TSME-42 was handed over to HEMRL team on 20" Sep 2021,
in the August presence of Dr. Mahendranath Pandey, Honourable Minister - MHI




Smart Manufacturing Demonstration and Development Cell Inauguration

Dr. Mahendra Nath Pandey, Honourable Minister of Heavy Industries, Gol inaugurated MHI supported
Samarth Centre "Smart Manufacturing Demonstration and Development Cell at Central Manufacturing
Technology Institute (CMTI), Bengaluru on September 06, 2021.




Ongoing Sponsored R&D Projects

Design, Manufacture, Supply, Installation &
Commiissioning of 10 Ton Capacity Vertical
Planetary Mixer for M/s SDSC-SHAR

M/s Satish Dhawan Space Centre, SHAR has placed
a supply order for two numbers of Vertical Planetary
Mixer of 10-ton capacity for mixing solid propellant
ingredients in March 2019. The design of the machine
is completed and the manufacturing and procurement
of BOl is in progress. CMTI will be supplying 2 machine
of 10 Ton capacity. The first machine is to be developed,
tested and delivered by December 2022.

These will be the largest propellant mixers in Asia
when realized. These machines have large gearboxes,
housings (3m spa and diameters) and gear shafts. The
components have tight bore tolerances and centre
distances requirements. Most of the components
outsourced items are now being processed by the
manufacturing team by developing the necessary
process plans and stage machining drawings for doing
the same. Key elements such as shafts, gear box

Stub shafts for 10T mixers

housings were outsourced and executed under the
supervision of manufacturing team. Hence, the quality
aspects of the components were also ensured by the
manufacturing team. The manufacturing of planetary
gearboxes. The CMF team has developed technology
for manufacturing of large Agitator blades of 3.3 and
3.8 tonnes, with profile accuracies within 0.1mm

Supply of Spares for Vertical Mixer

An order was placed by M/s Vikram Sarabhai Space
Centre (VSSC) in July 2021 for supply of spares for
vertical mixer.

Integrated IIOT Enabled SMART Foundry
System

The i-Foundry 4.0 is a novel concept and proprietary
product developed by CMTI under funding from
the Department of Science and Technology, Govt
of India, in technical collaboration with the SMART
FOUNDRY consortium under the SMART FOUNDRY
2020 project. SMART (Sustainable Metal casting using
Advanced Research and Technology) FOUNDRY 2020
is an initiative by a national network of researchers
and entrepreneurs from various prestigious R&D
and academic institutions across India. The system
will enable rapid manufacture of small to medium-
sized intricate metal parts with industry-accepted
standards and quality (than conventional sand casting)
at a lower cost (compared to machining or 3D metal
printing) by leveraging the advantages of additive
manufacturing technology, traditional metal casting
and lloT technologies. The developed system is a
Smart Integrated Foundry System that is capable of 3D
printing Patterns, using the printed pattern molds can
be prepared and the molten metal is poured into the
prepared mold cavity and entire operation is carried
out with minimum human intervention.

@



Melting and Pouring

4
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(b) MNo-Bake sand Moulding

a) Pictorial view of smart foundry system
b) Process involved from pattern to casted part

The integrated smart foundry sub-systems along with
unique features are as given below:

e An FDM based smart 3D printer that can print
a polymer components of size 200x200x200,
with the accuracy of +0.2mm. The developed 3D
printer also has cloud printing of 3D parts and
monitoring feature.

¢ An Automatic Sand Mixing Unit which can mix
sand with the required amount of resin, hardener
and catalyst. The proportionality of resin, hardener
and catalyst can be varied based upon the
requirement. The system can store 35 Kg of sand
and 6 litres of resin, hardener and catalyst.

e An automatic mould making unit that can prepare
a mould of size 200 mm(L) x 200 mm(B) x 90 mm(H)
and automatically transfer it to the melting unit.

¢ An automatic melting and pouring unit which can
melt aluminium of up to 4kg in duration of 30
minutes, it also has a particle heater that pre heat
the particle/ alloy element required up to 500°.
It also has molten metal pouring detection and
auto cut-off feature.

e The above sub systems are controlled by an IIOT
enabled unified control panel which has a following
capability.

- Dashboard based condition monitoring of the
entire process and the system.

- Data logging for cloud-based analytics to
optimize the process parameters.

- Cloud-based energy analytics and OEE of the
system.

- Per part manufacturing- energy cost estimation
via the dashboard.

- Anomaly detection and auto cut-off.

Additive Manufacturing of Micro Architected
Materials for Energy and Mechanical
Applications

Auxetic structures have been created and optimized
using PEGDA. These structures have been successfully
incorporated with CNTs. Mechanical characterisation
of such structures with low RD <0.3 have shown a

Lattice Structure - Microscopy

r - —

1

>

SEM Imsges o CNT
PEGDA lattica

lttco

Auxetic (re-entrant) lattice structure
created using MSL

g



CNT Lattice Structure

_-5mmx5mm x4 mm

PEGDA: 50 ml

TPO: 0.0225 gm (0.45%
wtof PEGDA)

CNTs: 0.125¢g

Stearic Acid: 06259
CNTs: Stearic Acid (SA) =
15

Power: 10 W
Exposure Time: 3000 ms

Ball Milled mix was stirmed

in PEGDA + TPO for 90-
95 hrs at 250 rpm

Auxetic lattice — CAD drawing (Left) and the actual
component fabricated (Right)

remarkable increase of 6x times of compression
strength with just 0.25% wt. addition of CNT in the
monomer mix. Characterisation has been done using
TEM, SEM, Raman, Thermal Conductivity, XRD, FTIR
and Micro Compression Tests. Currently infusion
studies are going on in new micro architected lattices
such as Gyroid, primitive and diamond structures.

PSOM 10x4 Recirculating Ballscrew

This project involves the manufacturing and assembly
of 84 nos. recirculating ballscrew of 10x4 size.
10mm is the nominal pitch circle diameter and 4mm
is the pitch of the ball screw. The project involves
manufacturing of 4 components for each assembly
they are Nut, Sleeve, Screw and Defecletors. The
assemblies manufactured are of JIS cO class of
accuracy, with starting frictional torque of less
than 0.015kgf/cm2. The manufacturing of these
assemblies are underway in CMF dept. They are
expected to be completed by Jan 2023.

Compact DTM

CMTI has taken up manufacturing of compact sized
diamond turning machine for precision and submicron
machining applications. The challenge involves
manufacturing of components of submicron accuracies
and form errors. It also involves development of
restrictors for import substitution.

Design and Development of Compact AFFM
(n-AFFM)

The project involves developing a compact u-AFFM for
super finishing, deburring and radiusing of components
with complex and inaccessible geometries. Indigenous
development of visco-elastic abrasive polymer media
in collaboration with BMS College of Engineering
Bengaluru and process development for super
finishing, deburring and radiusing of variant materials.
Micro AFFM mainly targets micro featured components
within the range > 200 pum. As the abrasives are of
synthetic diamond abrasives capable of finishing
harder components > 65 HRC. The machine size is
around 0.5m x 0.5m X 1.2m.

=
CAD of micro AFFM

Assembly of micro
AFFM

Project status:

e Design, Analysis, Engineering CAD and fabrication
of mechanical components are completed.

e Assembly of fabricated components are under
process.

e Synthesis of 3 kgs of PDMS polymer material and
study on bio-degradation of synthesised PDMS
samples is under progress at BMSCE Bengaluru.

: : : e . &
koot 7% 1
Synthesised Bio degradation in various
polymer media soil samples




Hydraulic Second Line Test Rigs

Second line test rigs are used to conduct pre-
Installation (PI) checks of the LRU's (Line Replacement
Units) and pressure testing of hydraulic tubes and
hoses.

The Hydraulic Second Line Test Rig facility has
provision for testing of hydraulic pumps, flight
control actuators, hydraulic LRUs and electrical LRUs
that are operated hydraulically.

The hydraulic second line test rig broadly contains the
following units.

¢ Hydraulic power unit.

e Electrical power supply unit.

e Test stand for testing the hydraulic pumps and
electric motor driven pump (EMDP).

e Test stand for testing the flight control actuators,
brake manifold and nose wheel steering manifold.

Technological challenges

Universal test stand for testing all the hydraulic
components and landing gear components.

Static pressure testing Stand.
Filter test stand.

Bottle flushing stand.

Project progress

Design, manufacture and assembly of all major
mechanical and hydraulic assemblies and sub-
assemblies across all the test rigs is completed.

Design, manufacture and assembly of all major
Electrical assemblies and sub-assemblies across all
the test rigs is completed.

Development of softwares and automated test
report generation for all test rigs across all tests
are completed.

Test rigs are offered to HAL quality assurance
department for review of test reports and granting
of dispatch clearance.

Sl.

Parameter
No.

Requirement

1 | No. of LRUs i
(120)

V. 3 Pumps

vii. 9 types of filters

31 Hydraulic LRUS

ii. 5 Hydro pneumatic LRUs

iii. 9 Electro hydraulic LRUs

iv. 23 Electro hydraulic LRUs with monitoring

vi. 3 Types of linear actuators, 1 type of rotary actuators

90+ Different PI procedures

2 | Pressure range

3.5 bar, 25 bar, 50 bar, 80 bar, 160 bar, 280 bar, 320 bar

3 | Flow rates

1.5 Ipm, 40 lpm, 60 Ipm, 120 Ipm

4 | Hyd. interfaces
(2 types)

MJ 10 to MJ 33 Threaded fittings 10 different types, Beam seal fittings

5 | Electrical interfaces
300+ 10S

20 different types of allied connectors

6 | Software

Custom report generation (95)

7 | Test procedure criticality

UTR:

PTR: Testing of pumps at higher oil temperatures, suction pressure (3.5bar)
FCS: Pressure gain and dead band calculation for ASBM with feature to
incorporate naval actuators

FTR: Testing of filters with high flow (120 Ipm) and low pressures (0.7 bar)
SPTR: Testing pressures up to 1000 bar

g



Flight control system test rig

Universal test rig

—

Filter est rig

Static pressure test ri

Rapier Shuttleless Loom (LR-550)

Design & development of high speed shuttleless
rapier loom is a challenging work undertaken by CMTI.
After the realization of first machine of 450 picks/min,
CMTI has taken up the design and development of
550 picks/min loom. The project involves manufacture
and technology transfer of high-speed shuttleless
loom that would assist Indian textile manufacturers
to enhance their competitiveness in terms of quality
& productivity. The project is jointly funded by DHI
(Department of Heavy Industry) & TMMC (Textile
Machinery Manufacturers Consortium). The completion
of the project would be a testimony of the success of
the "Make in India" initiative.

The manufacturing of the prototype loom is in
progress. The alignment of virtual axis of the various
mechanisms such picking, shedding and beat-up
sub assemblies are critical to the functioning of the
machine. In this regard the manufacturing of bore
axis and center distances of the gearboxes and the
angular bores center alignment is critical to the
functioning of the machine. For this fixtures and
methods are being devised by CMF team to achieve
the required tolerances and accuracies.

Design and Development of Geared Rotary
Actuator for Fighter Aircrafts

Geared Rotary Actuators / Rotary Geared Actuators
(GRA / RGA) are geared torque amplifiers meant for
translating high-speed low torque input power to
low-speed high torque output at high efficiencies of
transmission.



A mechanical geared rotary actuator is a geared torque
amplifier placed at the output of rotary actuation
drive systems to position aerodynamic control
surfaces, doors, or other moveable aircraft structures.
They are typically simple or compound planetary
devices and usually have a rotary shaft input and rotary
outputs.

Applications:

Technological challenges

Parameter Requirement

Design limit load 1200 Nm/slice

Outside diameter 2.5in

Slew rate 30°/s (5 RPM)

974.45:1

Overall gear ratio

Efficiency >75% (aiding)

>80% (opposing)

Project progress:

All the major objectives are achieved and completed
the preliminary design review for development of
geared rotary actuators. Manufacturing and assembly
of engineering model is completed. Manufacturing of
parts from actual aerospace material is in progress.

rr

Assembly of geared rotary actuator

Design & Development of In-situ Weld Cutting
and Edge Preparation Machine

In-situ weld cutting and edge preparation machine
is portable machine which cuts the pipe or tube and
creates desired profile on machined surface.

Weld cutting machine is designed with special guide
fixture and tooling which shall be specifically suitable
for in situ mounting on the vessel as shown in the
Fig. The cutting machine consists of stationary ring
and rotating ring. Stationary ring is rigidly mounted
onto the vessel by providing supporting pads through
bolts while rotating ring performs the machining
operation. On the rotating ring, two tool posts at 180°
opposite to each other with auto feed mechanism
are provided.

In-situ cutting & welding edge preparation machine

@



Technological Challenges:

I. Cutting machine should be light weight and
portable.

II. Machining of vessel with wall thickness of 65 mm.

lll. Supporting of cutting machine and vessel which
weighs around 2 tonnes.

IV. Alignment and positioning of cutting machine in
vertical direction.

V. Machining of weld profile on vessel.

VI. Designing of a special profile tool for edge
preparation operation.

Project progress:
I. Design calculations completed.
II. Drawings released for manufacturing.

Development of Airworthy Axial Piston
Pump-30 LPM

CMTI is developing an Airworthy axial piston pump
30 Ipm for indigenous fighter aircraft. The scope of
work of CMTI is to carry out auditing of the design,
finish machining, assembly of pumps, and qualification
testing of pumps.

Airworthy axial piston pump 30 lpm

In the Process for proving of 30 LPM, many running
trials have been made for previous design. Based
on results, several design changes are done. After
modification of parts 3 configurations of pumps
are assembled and tested at rated conditions. 4"
configuration has been assembled and it is under
extensive testing and proving. Majority of the
performance requirements have been met.

Up gradation and Maintenance of Thermal
Performance Test Facility for Fuel Cooled Oil
Cooler Heat Exchanger

Development of thermal performance test rig is being
carried out for M/s ADA, Bengaluru. The primary
function of this rig is to evaluate the thermal efficiency
and pressure drop of the test heat exchanger unit.
Heat exchanger performance test rig is intended to
estimate the temperature drops and pressure drops
across 3 lines, viz. Aviation kerosene line, Gear box
or IDG oil line, and hydraulic oil line, all three passing
through the test unit (heat exchanger).

Project progress:

Structure of the test rig is designed and fabricated.
All the subsystems including pumps, motors, pressure
sensors, temperature sensors, differential pressure
sensors, filters etc are being assembled into the
structure.




Development of Hybrid Material Air Sensors
through Direct Metal Deposition (DMD)
Process - Phase 4

Development of hybrid material pitot tube through
direct metal deposition (DMD) process is being
carried out for a multi-national company. Air sensor
is an important component in air crafts. The challenge
involved in the project is the joining of nickel alloy
with a non-metallic conductive material through
DMD process. The multi-material components harness
the advantages of different materials in a single
component. Hybrid material air sensor prototypes
were developed using DMD process in the fourth
phase for wind tunnel testing after initial phases of
detailed study. Performance testing under different
operating conditions showed improved thermal
performance. The developed methodology has been
patented under the title “Laser metal deposition
methodology on graphite substrates for aerospace
components”, European Patent Application No.
19196766.0. This technology development can help
in manufacturing of multi-material air sensors for
aerospace applications using additive manufacturing
process.

Multi Material Deposition Technology
Development for Complex Geometries of
Aircraft Engine Components by Additive
Manufacturing

“Multi material deposition technology development
for complex geometries of aircraft engine components
by additive manufacturing” is a DST funded project
under advanced manufacturing technology program
with M/s GE Aviation, Bengaluru as the industrial
partner. Multi-material parts are inevitable in
aerospace applications; but joining of dissimilar
materials is a challenge because of the difference
in their properties such as coefficient of thermal
expansion, melting point, thermal conductivity and
absorptivity. This project is aimed at development of
bimetallic components harnessing the advantages of
different materials in a single component. Systematic

study of interfacing properties of deposits was carried
out through optimization of process parameters
through single-track and multi-track multi-layer
depositions by DMD process. Induction heater with
closed loop control was designed and developed
for better and faster substrate heating with which
experimentation was carried out to achieve better
deposition with sound metallurgical bonding by
mitigating the reduced stresses. The technology
for manufacturing bimetallic parts would establish
indigenous expertise in  multi alloy additive
manufacturing process which will enable development
and manufacturing of bimetallic components for
aircraft engines.

Induction-based substrate preheater with
closed loop temperature control
in DMD machine

Design and Development of Modular Directed
Energy Deposition Additive Manufacturing
System to Integrate with CNC Machines

Hybrid Directed Energy Deposition (DED) system
enables combination of additive and subtractive
manufacturing processes in a single machine. It
is proposed to design and develop modular DED
facility which includes laser, optical fibre, laser optics,
powder feeder, powder feeding nozzle and integrate
with Parallel Kinematic Machine (PKM) developed
by CMTI. Rotating shaft type gravity-based powder
feeder is designed and developed in-house. Testing of
the powder feeder is in progress. Laser system will be
integrated along with the necessary optics.



Development of Technology for Repair of
08X14H Alloy Casting using 03X12H Alloy
through Directed Energy Deposition (DED)
Process

Repair of 08X14H alloy casting using 03X12H
alloy through DED process is being carried out for
M/s VSSC, Thiruvananthapuram. This project is aimed
at refurbishment of high value 08X14H alloy castings
used in semi-cryogenic engines for space applications.
Inclusions, porosity and embedded defects will be
removed by machining processes and the casting
will be refurbished using the DED process. The main
challenge is to obtain a sound metallurgical bonding
between 08X14H casting and 03X12H deposition
alloys for refurbishment of the castings. Powder
flow pattern was analyzed in the DED machine with
LED backlighting for flow visualization and arrived at
test specimen angle configuration. The customized
03X12H alloy powders have been produced using
which experimentations are being carried out for
establishing technology for repair of the 08X14H alloy
castings using DED process.

High Strain Rate Characterization of Additive
Manufactured Materials for Ballistic Loading
Applications

“High strain rate characterization of additive
manufactured materials for ballistic loading
applications”, is a collaborative project funded by
SERB-DST under Teachers Associateship for Research
Excellence (TARE) with CMTI as mentoring institute
for Vel Tech Rangarajan Dr. Sagunthala R&D Institute
of Science and Technology, Chennai. The objective
of the project is to develop a new protocol for
additive manufacturing of high ballistic performance
near net shaped metallic materials for structural
applications. Machine learning based simulation
tools such as artificial neural network, support
vector regression and adaptive neuro-fuzzy inference
system will be developed for the prediction and
optimization of process parameters to improve the
ballistic performance of additive manufactured
materials. Fabrication of bimetallic alloys of Inconel
super-alloy and H13 steel through DMD process is

being carried out for high strain rate and micro
structural characterization.

Repair of S45C Automotive Fixtures by Direct
Metal Deposition Process

Repair of S45C automotive fixtures by direct metal
deposition process was carried out for M/s AMACE
Solutions, Bengaluru. The worn-out and damaged
fixtures were refurbished using SS316L material

using optimized process parameters, which were
subsequently post-machined to recover the fixtures for
reuse in automotive industry.

S45C automotive fixtures refurbished
by DMD process

Additive Manufacturing of 15-5 PH Stainless
Steel by Direct Metal Deposition (DMD)
Process

by DMD process



Additive Manufacturing of 15-5 PH stainless steel on
SS316L by direct metal deposition (DMD) process
was carried out for M/s CMERI, Durgapur. Initially
single track and multi-track depositions of 15-5 PH
Stainless Steel were carried out for optimization of
process parameters. Using the optimized process
parameters, test specimens were 3D printed using
different laser scan patterns through DMD process.
During the deposition, the melt-pool studies were
carried out by measuring temperature at the melt-
pool of the single track depositions using non-contact
infrared thermometer. The test specimens were
characterized for microstructure, hardness, tensile
strength and elongation.

Design and Development of Compact -
Diamond Turning Machine (u-DTM)

CMTI is developing a compact single point diamond
turning machines (SPDT) for producing metal
mirrors used in ophthalmic industries, electro optics
industries; strategic sectors etc. With increase
in demand of single-point-diamond-turning for
molds of plastic prototyping production of optical
components like Intra-ocular lenses, contact lenses,
etc. there is a need for low cost and compact machine
for carrying out machining activities of small size
components. As the cost of a typical DTM with all
optional accessories is order of few crores, CMTI is
working on reducing the cost of machine to make
it affordable by many industries and institutes.
The present status of project is development of
indigenous and compact size critical machine elements
like oil bearing hydrostatic slides, aerostatic spindle,
tool post etc. in progress.

Hydrostatic slide test setup (CAD)

Compact aerostatic bearing spindle (CAD)




Ongoing Plan Projects

fabricated consists of CMM and vision based

Establishment of Smart Manufacturing inspection system. The inspected data will be
Demonstration and Development Cell processed and analyzed and live correction on
(CEFC) at CMTI machining operation can be done if required. All

the machines/equipments on the layout shall be
integrated and connected onto the network using
the OPC-UA/MT-Connect/ other protocols, PLM,
ERP software and interface to cloud and server.

CMTI is establishing a common engineering facility
centre (CEFC) for development and demonstration of
technologies for smart manufacturing and industry
4.0, in collaboration with six industry partners with Present status:
main funding support from MHI. Establishment of a
smart factory for metal cutting and an experimental
learning centre for Industry 4.0 technologies are
essential part of the CEFC.

The Design of the layout and overall framework
of smart factory is completed and procurement of
software and the hardware’s are completed, the
installation and integration of hardware to IIOT

A. Establishment and demonstration of smart platform is on-going.
manufacturing and its digital twin at SMDDC cell

Under this CEFC, establishment and demonstration
of smart manufacturing and its digital twin at
SMDDC cell is a collaborative project with the
industry partner M/s MSC Software India Pvt. Ltd.

The fully established and functional smart factory
consists of CNC metal cutting machines, sheet
metal cutting machine, additive manufacturing
machine, smart inspection and metrology
systems, robots, supported by design, analysis,
manufacturing optimization and computer
aided manufacturing and other accessories and
supporting system.

The metal cutting machines includes turning
centre, turn-mill centre, vertical machining centre
and the legacy machines which will be converted
into smart and will be able to monitor the OEE
and real time monitoring of each machine for its
utilization. Along with metal cutting machine,
there is also a sheet metal cutting machine,
which would be used to demonstrate sheet metal
cutting operation along with other sheet metal
process evaluation and costing capabilities. The
smart metrology lab for inspection and quality Pictorial view of smart manufacturing development

control of inspecting of components that are and demonstration cell (SMDDC)




Establishment of HAL - CMTI centre for
experimental learning in smart manufacturing
and industry 4.0

Objectives of the centre:

. Establishment of HAL-CMTI skill development
centre for smart manufacturing and industry
4.0 at CMTI with focus on industries involved
in aerospace manufacturing.

. The proposed skill development cell will
become the common facility and will
provide experimental learning for generating
qualified and skilled human resource in
smart manufacturing and 14.0.

The activities are:

. Creation of a demo cell for training and try-
outs on smart manufacturing and 14.0

. Awareness programme across the country
for industries and academia.

. Programme on smart manufacturing & 14.0
for converting the students to industry ready
engineers.

Training programme for BoAT apprenticeship trainees

on smart manufacturing & industry 4.0 under
HAL-CMTI skill development centre

. Training of MSME, Industries and public sector
personnel in skilling and re-skilling related to
smart manufacturing & 14.0.

. Apprenticeships and Internships.

This centre is training students, faculties, MSME,
industries, public sector personnel for skilling and
re-skilling and is helping in skill development gaps
in the country.

. CMTI had trained about 4200 personnel from
academia, industries, and research institutes
on smart manufacturing & Industry 4.0.

. CMTI had provided internship to 40 graduate
students on smart manufacturing & industry
4.0.

. CMTI had provided training to 60 BOATS
apprenticeship trainees on smart
manufacturing & Industry 4.0.

Digital twin based availability prediction for
spindle & feed drive system of machine tools
(Industry partner SIEMENS)

The project involves developing a digital twin
based availability prediction for spindle and feed
drive system of machine tools in collaboration with
siemens. Considering the CNC machine the
major elements constituted of feed drive and
spindle. Axis consists of ball screw drive, which
helps to move the table along its axis. Recirculation
part with the groove in the ball screw is helical, its
steel balls roll along the helical groove. Angular
contact ball bearings (ACBB) are primary load
carrying members in high-speed spindles ACBBs
offer good rigidity in axial and radial directions,
during cutting operations.

The major outcome of the digital twin are smart
diagnosis module, smart prognosis module, smart
inventory management, production analytics
module, model based control, availability module.

Project status:

J Design, analysis, fabrication and assembly of
test bed and weldment base structures are
completed.

. Procurement of brought out items like ball
screw feed drive elements, conventional



spindle, laser alignment systems are
completed. PO has been placed for Items like
dynamometers, seniors and fabrication for
mechanical components.

. Simulation of ball screw motion and spindle
bearing elements through CIM software for
Digital twin data is under process.

through encoder. The real time monitoring
of vibration during spindle running through
accelerometers. The design for fine tuning the
balancing of spindle through disk arrangements in
the shaft.

Project status:

e Technical specifications of smart spindle are
finalized.

. CAD model of the spindle is completed.

. Purchase procedures for motor, bearing and
drawbar is under process.

o 2D drawings of the spindle elements are
under process and under discussion with
M/s Acumac.

Conventional  |meegrated Motor  Feed Drive
Bpindle Test Rig  Spindie Test Rig TestRig

Digital twin setup for spindle & feed drive
system of machine tools

D. Design and development of smart integrated

motor spindle (Industry partner M/s ACUMAC)

The project design and development of smart
spindle is in collaboration with M/s Acumac.
The smart spindle is nothing but loT enabled
spindle with predictive maintenance capacity
that accounts for problem ratification and longer
machine life. A SMART spindle is a normal spindle
which incorporates smart and real-time sensors.
These sensors monitor and inform the status of all
the mentioned parameters and thus transform a
normal spindle into a “Smart Spindle”.

The design consists of real time position sensing
for drawbar attachment of clamp and unclamp
monitoring of chuck. Real time temperature
sensing for Motor, drawer and bearings. The
overall spindle run out and positioning accuracy

SMART INTEGRATED
MOTOR SPINDLE

CAD of smart integrated motor spindle

IIOT solutions related to overall equipment
efficiency (OEE) & condition based monitoring

CMTI along with uthhunga technologies had
developed the 1IOT solutions related to Overall
Equipment Efficiency (OEE) & condition based
monitoring  solutions using lloT enabled
technologies & machine connectivity. These
solutions can be implemented to any existing
production shop floor and transform the CNC
workshop into a smart factory workshop.
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OEE dashboard for production monitoring 10T dashboard for machine status



Plan Projects Proposed

Centre of Excellence for Design Innovation

CMTI has proposed to setup a centre of excellence for “Design Innovation” at CMTI under the
Department of Heavy Industry, Ministry of Heavy Industries & Public Enterprises, Government of India, for
transforming the MACHINE BUILDING strength at CMTI into a national facility towards leveraging its
enhanced capabilities for addressing the needs of the next generation “MAKE IN INDIA” solutions
related to machine building in all industry sectors.

Centre of Excellence for Textile Machinery Technologies

CMTI has proposed to setup a Centre of Excellence for “Textile Machinery Technologies” at CMTI under
the Department of Heavy Industry, Ministry of Heavy Industries & Public Enterprises, Government of India,
to develop Indigenous Technologies for Textile Machineries and Offer Services in Testing, Qualification &
Certification.

Design Innovation & Technology Centre

CMTI has proposed to setup a “Design Innovation & Technology Centre” at CMTI under ‘Indian
Institutes for Innovative Manufacturing — IP’M’ to cater to the product development & machine
building needs of Indian manufacturing industries and the strategic sectors through innovative
and engineering intensive product design & development.

Upgrading/Expansion of CMTI

CMTI has proposed to DHI the expansion of its activities by establishing specialized technology centres in
chosen areas of manufacturing.

- Machine tool testing facility centre at Tumkur Machine Tool Park.

- Upgradation of CMTI extension centre at Rajkot with focus on providing value added services and
foundry machinery development.



10.

11.
12.
13.
14.

MoU and Collaborations

NDA was signed between M/s Agnikul Cosmos Pvt. Ltd., and CMTI for overall research activities on 8" June
2021.

CMTI signed a rate contract with URSC - ISRO on December 2022 for Advance material characterization
services.

Work Execution Agreement for “Synthesis and biodegradation of polydimethylsiloxane for application as
media in AFFM” was signed between BMSCE and CMTI on 14" August 2021.

National Institute of Technology - Uttarakhand (21.05.2021).
National Institute of Technology - Kurukshetra (14.06.2021).

NDA signed with BITS Pilani Rajasthan for design validation of project “Design and development of
piezoresistive MEMS accelerometer for crash testing applications”.

NDA signed with IIT, Bhopal for “Design and development of piezoresistive MEMS accelerometer for crash
testing applications”

MoU is signed with thales, France on development of open hardware systems for I0T, Vision and controls
applications.

NDA signed, for the collaborative R & D activities with industry ZumHeilen Diagnostics and Therupatics and
CMTI for Development of drug loaded micro neeedle array patches for skin blemish application.

NDA signed & MoU to be signed for the colloborative R & D activities with Sreechitra Tirunal Institute of
Medical Science and Technology and CMTI for Development of micro needle for drug delivery applications.

An NDA was signed between CMTI and M/s SankDisk India Device Design Centre Private Limited.
An NDA was signed between CMTI and M/s Vasmed Health Science Pvt. Ltd.

An MoU was signed between CMTI and Nitte Meenakshi Institute of Technology, Bengaluru.

An MoU was signed between CMTI and Al Health Highway, Bengaluru.

MoU signed between BMSCE and CMTI



Value Added Laboratory Services

Noise & Vibration Lab Services

o Measurement of ultra low noise level of loT fan
controller

Customer: M/s Luminous Power Technologies
Pvt. Ltd, Haryana

The noise measurement of loT enabled fan
controller unit during the operation. The fan
controller noise is of the order of <38dBA. This type
of noise measurement requires anechoic rooms,
which are expensive from the cost of point of
view. The customer wanted the low cost solutions.
Hence, the noise measurement was carried out
at quieter clean room at CMTI, which is having
background noise level of <28dBA. The noise
measurement was carried out in quieter room
under three conditions. 1. Noise measurement of
loT fan controller alone. 2. Noise measurement
of loT fan controller connected to fan, but fan
mounted outside the clean room. 3. Noise
measurement of loT fan controller, when the fan
is mounted inside the room. This has helped the
customer to quantify the noise level of the loT
fan controller and also inputs points for further
reduction of fan controller noise.

AT ! ln .

Ultra low level noise measurement
of 1oT fan controller

e Dynamic balancing and vibration analysis of GE
impeller rotor & turbine sub-assembly

Customer: Pragati Transmission Pvt. Ltd., Bengaluru. Dynamic balancing and vibration analysis
End User: M/s GE Aviation, Bengaluru. of GE turbine rotor & turbine sub-assembly



The project involved development of complete
test bench setup for balancing the turbine sub-
assembly & drive sub-assembly. The design and
fabrication was completed and the test bench was
assembled and integrated for balancing test.

In the first phase, the dynamic balancing of
impeller was done SCHENCK balancing machine
to the balance quality grade of better than G2.5
for the service speed of 60,000rpm.

In the second phase, the in-situ balancing
of turbine sub assembly was carried out to
achieve the vibration severity level of less than
0.004 mm/sec.

In the third phase, the in-situ balancing of turbine
drive sub assembly was carried out to achieve
the vibration severity level of less than 0.146 mm/
sec, this is well within the permissible limit of
0.7mm/sec.

¢ Noise and vibration testing and certification of
hand held tools as per international standards

Customer: Stanley Engineered Fastening, Avdel UK
Limited.

The NVH testing involves the sound pressure level
measurement, hand vibration measurement and

/ .

NVH testing and certification of hand held tools

sound power level measurement, thermal imaging
and drop test.

The sound pressure level was measured as per
ISO 15744 around the hydro pneumatic tool,
at a distance of 1m from the tool. The sound
power level was measured as per ISO 3746. The
vibration measurements were carried out on hydro
pneumatic tool (with pneumatic air pressure of 7
bar) in three mutually perpendicular directions
as per the standards (ISO 5349-1, 8662-1 & EN
12096). The measured sound pressure level,
sound power level and hand vibration levels are
within the permissible limits as per the standards.
Drop test compliance of the tool was verified
according to EN 1SO 11148-1 by dropping tool,
three times on to a concrete surface from a height
of 1 meter. It was observed that, the tool was
tested for its functionality after the drop and it was
working satisfactorily.

Advanced Material Characterisation Services

e Testing and certification for Indian Railways

Customer (Government): M/s RITES Limited
Mumbai, M/s RITES Limited Delhi, M/s RITES
Limited Chennai.

Customer (Private): M/s Modern Insulators Ltd.,
M/s Insulators Electricals Company, M/s Saravana
Global Energy Ltd., M/s Aditya Birla.

Undertaken the testing and certification of
tasks of solid core bracket, stay arm and other
porcelain insulators for 25 KV A.C. 50 Hz single
phase overhead traction lines for quantification
of chemical composition of in connection with
testing of porcelain insulators for Indian Railways
as per the standards of Research Designs and
Standards Organization (RDSO) an ISO 9001
Specification number TI/SPC/OHE/INS/0070 dated
10.04.2007 under the Ministry of Railways of
India. Porcelain insulators for railway traction
applications are a category apart from the regular
insulators as they demand extremely stringent
performance and safety requirements.

No of test samples tested: 614; Revenue:
%1, 315, 9200/- + GST



e Other characterisation services

CMTI has the state-of-the-art facility for Advance
Material Characterization. It renders R&D support
and services to internal R&D activities and
provides services to various industries, Govt. R&D
organizations, medium and small scale industries
and to various research scholars from academia.

Sample preparation and material characterization
services (XRD, Rheometer).

ITC (Phase Analysis),
Technology.

PES University, SUEZ

Beneficiary Industries: Titan, HHV, M/s Vichar
Technologies, URSC-ISRO, LEOS, GML, Applied
Materials, SUEZ Technology, ITC (Phase Analysis),
HAL, CPRI, etc.

Beneficiary Academia: NITK, RVCE, BMS College of
Engineering, PSG Coimbatore, PES University, etc.

Total No of test specimens undertaken: 981;
Revenue: %41, 83, 650/-

a) Confocal microscopy image of laser engrave on
transparent material b) Saphire rod imaging
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Precision Engineering Services

e Developed process technology for machining of
Dia 12 mm X 5 mm Pitch PS1 Injection valve ball
screw assembly consists of ball screws, ball nut,
sleeve and deflector having critical features with

high dimensional and geometrical tolerances in the
range of 5 to 10 microns to LPSC ISRO Valiamala.

e Technology developed for feed rollers for bearing
and automotive industries which are used as
feeding mechanisms for super-finishing operations.
The profiled pair of rollers has high geometrical
accuracy in the order of 5 um and their surface
quality in the order of 0.4um are fabricated,
supplied 20 sets for bearing and automotive
industries.

e Technology has been established for manufacture
of fuel ductor having dimensional, positional
tolerances in the order of 10 — 20 um and supplied
223 Nos to HAL engine division.

Ball screw assembly

Precision Metrology Services

CMTI renders services in calibration of masters in the
area of length, angle, form, surface finish and gears
having majority traceability to international standards
with measurement capabilities, which are best among
any other laboratories in India. Metrology Laboratory
is catering to the needs of the industry in calibration
and precision measurements. The laboratory handled
836 calibration assignments and 64 inspection
assignments during the current period. Major portions
of assignments were carried out in the area of
calibration and inspection of precision components.

Major calibration services provided to 16 Government
Organizations, 26 Public Sectors and 308 Private
Organizations during this period.

The major services are listed below:-
e Slip Gauges - 34 sets.

e Long Slip Gauges - 106 Nos.

e Length Bars - 03 Nos.

e Angle Gauge blocks - 107 Nos.

e Spirit Level - 01 Nos.



Surface Roughness & Depth Masters - 79 Nos.
Glass Hemisphere and Flick Standards -16 Nos.
Optical flats - 49 Nos.

Optical Parallels - 103 Nos.

Master Cylinders/Cylindrical Squares - 9 Nos.
Radius Standard/Contour Master - 30 Nos.

Electronic Levels, Mini Levels and Coincidence
Levels - 16 Nos.

Dial Gauges - 45 Nos.
Inclinometer - 56 Nos.

Glass Scales/Grids - 77 Nos.
Master Gears - 36 Nos.

Ring Gauges - 64 Nos.

Thread Ring Gauge - 08 Nos.

Plug Gauges/Master Disc - 43 Nos.
Thread Plug Gauge - 6 Nos

Caliper Checkers/Check Masters - 9 Nos.
Step Gauges - 02 No.
Granite/Steel Squares - 06 Nos.
Vernier/Digital Caliper - 04 Nos.
Test Mandrels - 15 Nos.

Ball bar - 03 Nos.

Spherical Masters and Tungsten Carbide Balls - 34
Nos.

Thread Measuring Wire/pin - 60 Nos.
Electronic Probe - 02 Nos.
Autocollimator - 02 Nos..
Micrometer - 04 Nos.

Radius Gauges - 04 Nos.

Portable Roughness Tester - 06 Nos.
Laser Measurement System - 08 Nos.
Steel Scale - 04 Nos.

Angular Graticule - 03 Nos.

Lever Arm - 03 Nos.

Taper Ring/Plug Gauge - 06 Nos.
Unimaster - 04 Nos.

Onsite Calibration of

CNC Machines - 11 Nos.

CMM - 07 assighments

Slip Gauge Comparator - 04 assignments

Universal Length Measuring Machine - 07
assignments

Laser Micrometer - 01 assignment
Form Tester - 02 assighments

Gear Testing Machine - 04 assignments
Roughness Tester - 01 assignment
Surface Plate - 01 assignment

In addition of the above calibration work, incoming
inspection, vendor component inspection, bought out
items inspection for internal projects and support for
measurement for critical parameters for precision
machined components for outside customers were also
carried out during current period.

Also, Laboratory supports the ultra-precision

measurements for student projects and R&D work of
the scientists in the Institute.
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Onsite inspection of lubrication test stand for
M/s Applied Materials, Peenya Bangalore



Some of the major internal & external projects
for which the inspection and calibration support
rendered

Metrology laboratory provides the inspection services
to the internal projects as part of quality assurance
plan. Laboratory supports ininspection/ measurements
of critical parameters for the in-house machined
parts, subcontracted parts and bought outs.

Some of the internal projects are as listed below:
e VMI10T

e TSME
e HSLTR
e LR-550
e LOOM

e BALLSCREW
e BDL (Propeller)
e STDP

Inspection services are provided to the outside
customers in the measurement of critical parameters
for precision parts.

Some of the external inspection assignments are as
listed below:

e Measurement of secondary lift pin M/s Applied
Materials India Pvt Ltd., Bengaluru.

e Measurement of bolts M/s GE India Industrial Pvt.
Ltd. Bengaluru.

e Measurement of collets M/s Rewdale Precision
Tools Pvt. Ltd., Bengaluru.

e Measurement of cut cube M/s Wipro Enterprises,
Bengaluru.

e Measurement of valve guide M/s dc Auto parts
(Pvt. Ltd).

e Measurement of structural samples M/s ADA,
Bengaluru.

e Measurement of thin film samples M/s URSC,
ISRO Bengaluru.

e Measurement of safety valve body, adjustment
screw & casino cover for M/s Heidelberg Prominent
Fluid Controls, Bengaluru.

e Measurement of assorteel size boster rod

M/s HAL Bengaluru.

e Measurement of SGB part M/s load master
Bengaluru.

e Measurement of filter
Technologies Pvt. Ltd.

head M/s Utthunga

e Measurement of dead centre M/s Techno Solution
Bengaluru.

e Measurement of bush M/s Oerlikon Balzers
Coating India Pvt Ltd.

Surface Engineering and Laser Processing

Micromachining of 3D flexure

A 3D Flexure on 60um thick stainless steel was
successfully developed using femto second laser
system for 1ISc, Bengaluru.

Images of 3D flexure

¢ Micro-grating pattern on PDMS

Micro-grating patterns of size 100 x 100 um were
created on PDMS samples using an excimer laser
system for MEMS applications.
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Confocal image of micro-grating pattern on PDMS
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Micro-fluidic device for fluid flow analysis

Micro-fluidic device of various configurations were
fabricated in PMMA material using excimer laser
micromachining system for fluid flow analysis.

Confocal image of micro - fluidic device

Micro-fluidic device for blood plasma separation

To induce plasma separation from whole blood
without the use of traditional centrifugation
techniques, a micro-fluidic device was fabricated
using excimer laser system in PMMA material.
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Confocal image of fabricated micro-fluidic device - |

Confocal image of fabricated micro-fluidic device - ii

Micro-leak creation for container closure integrity
test (CCIT)

Micro-leaks drilling of @5, 310, @15um and @20um
on ampoules was successfully carried out for
pharmaceutical industries like M/s Rusan Pharma
Ltd. and M/s Aurobindo Pharma Ltd.

Outreach centre - Rajkot

CMTI Outreach Centre Rajkot, rendered services to
446 nos. of customers and carried out 1109 nos.
of instance in the field of dimensional metrology,
reverse engineering, metallurgy testing and
inspection.



New Facilities Created

Smart Manufacturing Cell
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Sensor Technology Development Center

STDF clean room facility
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Laboratory

HVAC and clean room validation has been completed
at new Nano Manufacturing Technology Centre (NMTC)
building.

HVAC Tests recommended by ISHRAE like Room
Pressurisation, Room Recovery Test, Air Velocity Test,
Air volume Test, Filter Integrity Test were carried
out to validate the newly established clean room
(lab) facility at NMTC Building.

Key R&D Facilities

e |loT server for Smart Factory

e Electron beam evaporation system
¢ Deep Reactive lon Etching (DRIE) system

e Environment Test Chamber (Temperature and
Humidity)

e DC power supplies

e Signal generators




HR Activities

HRD Programs Conducted by CMTI

The institute has been conducting technology
up gradation training programs targeted to managers,
engineers, technical supervisory personnel and
students, which have been well received and
appreciated by engineering industries in the country.
These programs are continuously updated in terms
of contents and quality. The current emphasis is
on training of industry personnel for meeting the
challenges of global competition.

The following HRD activities were carried out during
2021-22 (April 2021 to March 2022), by conducting
12 training Programmes for 275 Engineers over
42 Man days.

Training Programs

Scheduled training programs

05 Scheduled training programs were conducted for
62 participants for over 19 Man Days on topics like
Laboratory Management & Internal Audit as per 1SO
/ IEC 17025: 2017, Industry 4.0 Smart Manufacturing
Systems, Calibration of Dimensional Measuring
Equipments, Uncertainty of Measurements for
Dimensional Measurements.

Exclusive training programs

06 Exclusive (Online) training programs were
conducted for 195 participants for over 21 Man Days
on “Geometric Dimensioning & Tolerancing” for
M/s Applied Materials India Pvt. Ltd. — Bengaluru,
M/s Aeronautical Development Agency (ADA) -
Bengaluru, “Laboratory Management & Internal Audit
as per ISO / IEC 17025: 2017” for M/s ABB India Limited
— Telangana, “Industry 4.0 & Smart Manufacturing
Systems” for M/s TATA Power Limited — Bengaluru.

Onsite training programs

1 onsite training program was conducted for 18
participants for 2 Man Days on ‘Measurement
Uncertainty’ for M/s SKF Engineering and Lubrication
India Private Limited — Bengaluru.

Collaborative Programmes with Academia

e Karunya Institute of Technology & Sciences,
Coimbatore

- 2 vyear MJTech (Advanced Manufacturing
Technology) programme was launched in July
2015.

- 1%, 2" & 3 sem at KITS and 4th sem at CMTI.

- 34 students belonging to 3 batches have
completed their project work at CMTI.

- 05 students belonging to 4t batch are carrying
out their project work at CMTI from November
2021 to May 2022.

Skill Development Programs

Program Type No. of S.tudents/
candidates
Apprentice 15
Internship 77
Project Work 21
Trainee 4
Total 117

e Apprenticeship

CMTI has initiated Graduate and Technician
(Diploma) Apprentice training scheme for
Mechanical / Electronics and Communications
/ Electronics & Instrumentation / Electrical /
Electrical & Electronics / Computer Science / Civil
& Metallurgical disciplines of Engineering /
Technology, under National Apprenticeship
Training Scheme (NATS), Instituted by Board
of Apprenticeship Training / Practical Training,
Ministry of Human Resource Development,
Government of India.

Total of 15 Apprentices (13 Graduate Apprentices
and 02 Technician Apprentices) have enrolled for
the year 2021-22 under this scheme, for a period
of 01 year.
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Internship

CMTI has initiated one to two months also
for students studying B.E./BTech. & M.E./
M.Tech. in Mechanical / Production / Electronic
& Communications/ Electronic & Instrumentation
disciplines.

- General Internship

About 22 Engineering / Non - Engineering
students have undergone internship during this
period on non stipendiary basis from various
colleges, as listed below.

Non Stipendiary Graduate Interns

About 16 Graduate Interns from various
institutions like ACS College of Engineering
— Bengaluru, Amrita Vishwa Vidyapeetham -
Coimbatore, Sheshadripuram Evening Degree

College — Bengaluru, National Institute of
Technology — Tiruchirapalli, National Institute
of Technology Karnataka — Surathkal, Tagore

Engineering College — Chennai, Vellore Institute
of Technology — Vellore, Dayananda Sagar College
of Engineering - Bengaluru.

Non Stipendiary Post Graduate Interns

About 06 Post-Graduate Interns from National
Institute of Technology — Warangal, University of
Mysore — Mysore, MATS Institute of Management
and Entrepreneurship (MIME) — Bengaluru, SJB
Institute of Technology — Bengaluru.

MHI Internship

Total of 55 students have undergone internship
training on stipendiary basis in three batches as
listed below

a) Batch 01 (During June 2021 - Oct 2021)

About 18 Engineering students have
undergone internship during this period, as
listed below

Sri Venkateswara Engineering College for
Women - Tirupati, University Visvesvaraya
College of Engineering — Bengaluru, Datta
Meghe College of Engineering - Navi Mumbai,
Ramrao Adik Institute of Technology — Navi
Mumbai, SRM Institute of Science and
Technology - Vadapalani Campus, KLE
Technological University - Hubli, Sri Krishna

College of Engineering and Technology -
Coimbatore, BMS College of Engineering
— Bengaluru, Dayanand Sagar Academy of
Technology and Management — Bengaluruy,
Manipal University - Jaipur, Sathyabama
Institute of Science and Technology — Chennai,
College of Engineering — Guindy, Anna University
— Chennai.

b) Batch 02 (During Aug 2021 - Oct 2021)

About 25 Engineering students have undergone
internship during this period, as listed below

College of Engineering, Anna University -
Chennai, Birla Institute of Science and Technology
Pilani — Dubai, Vellore Institute of Technology
—Chennai, Madras Institute of Technology —
Madras, SSN College of Engineering — Tamil
Nadu, Assam Engineering College — Guwahati,
SASTRA University — Thanjavur, Mepco Schlenk
Engineering College — Sivakasi, Sapthagiri
College of Engineering — Bengaluru, Darbhanga
College of Engineering — Bihar, RCC Institute
of Information Technology — Kolkata, SRKR
Engineering College — Bhimavaram.

c) Batch 03 (During Aug 2021 - Oct 2021)

About 12 students from Jamia Millia Islamia —
Okhla, Lakshmi Narain College of Technology —
Bhopal, Dr. Babasaheb Ambedkar Technological
University — Maharashtra, Madras Institute
of Technology — Madras, Haldia Institute of
Technology — West Bengal, Sri Ramakrishna
Engineering College — Coimbatore, Amrita
School of Engineering — Bengaluru, Don Bosco
Institute of Technology — Bengaluru, Dayananda
Sagar College of Engineering — Bengaluru,
Loyola Icam College of Engineering and
Technology — Chennai.

Project Work

CMTI is providing live industrial project work for Post
Graduate Engineering students. About 21 students are
carrying out their project work during this period, as
listed below.

- Non Stipendiary Project Work

About 05 students from Karunya Institute of
Technology and Sciences (KITS) — Coimbatore.



MHI Project Work
a) Batch Il (During Aug 2021- Dec 2021)

About 04 students from NIT — Andhra Pradesh,
Vel Tech Rangarajan Dr.Sagunthala R&D
Institute of Science and Technology — Chennai,
Vellore Institute of Technology — Bhopal, PES
University — Bengaluru.

b) Batch Ill (During Feb 2022- Mar 2022)

About 12 Engineering students have undergone
project work during this period as listed
below from University Visvesvaraya College
of Engineering — Bengaluru, MGM's College
of Engineering — Maharashtra, Dr.Babasaheb
Ambedkar Technological University — Lonere,
PSG College of Technology — Coimbatore,
SASTRA University — Tamilnadu, M S Ramaiah
University of Applied Sciences — Bengaluru.

MHI Trainees
a) Batch Il (During Aug 2021 - Dec 2021)

About 02 Students from Pondicherry University
— Puducherry

b) Batch Il (During Feb 2022 - Mar 2022)

About 02 Students from CMR Institute of
Technology- Bengaluru, Rajiv Gandhi Institute
of Technology — Kottayam, Kerala

Seminars/ Workshops

- “Joint Industry Interaction Meet” on 11t March
2022

HRD Programs Attended by CMTI Scientists
and Officers

Deputation of CMTI staff for training programs,
seminars, workshops and conferences

A Total of 05 officers participated in 05 external
training programmes/ seminars / workshops /
Conferences.

Technical training underwent by the dept. Officers
at CMTI

The following training programmes were organized
at CMTI for scientists and technical staff for
knowledge enhancement

a. One day training program on “Basic Fire
Prevention & Fighting” (Batch 01) by
M/s Suraksha Surge — Bengaluru, on 21°t July
2021.

b. One day training programme on “AS9100
Rev -D” by Mr. Janakinath, Bengaluru on 23
July 2021.

c. One day training program on “Basic Fire
Prevention & Fighting” (Batch 02) by
M/s Suraksha Surge — Bengaluru, on 17" Aug
2021.

d. One day training program on “Basic Fire
Prevention & Fighting” (Batch 03) by
M/s Suraksha Surge — Bengaluru, on 21 Sep
2021.

e. Five day training program on “EPLAN” by
Mr. Naveen Kumar from M/s. EPLAN Software
& Services Pvt. Ltd., from 03 — 07 January
2022.

f. Twelve days internal training programme on
“Geometric Dimensioning & Tolerancing” by
Mr. VAP Sarma, Centre Head AEAMT, during
Feb - March 2022.

Faculty provided to other organizations

Guest Lecture on “Geometric Dimensioning &
Tolerancing” for Vemana Institute of Technology —
Bengaluru on 28™" May 2021.



Business Promotion
Activities

Business Advisory Group meeting was held on 16" April 2021. The main points of discussion were:
exchange of two MoU’s with NIT’s and plan it for signing, CMTI can come out with remote practical module
for engineering students, so that it will be helpful to Ministry of Education in pandemic situation, and to
develop some concept for National Research Foundation (NRF).

Centre has conducted IPR training workshop, virtually, to enhance the Patent/IP related skills of CMTI
Scientists/Technical Staffs during the month of September, 2021.

CMTI Organised and conducted Business meet Virtual Webinar on “Advance Machines & Process
Technologies” on 13™ January, 2022 marking one of the event of “Azadi Ka Amrit Mahotsav” Ministry
of Heavy Industries Week, CMTI Celebrated from 10%* -16% January 2022. Programme was chaired by
Dr. R. Tyagi, Buisness Advisory Group Chairman and Ex.CMD HAL, the event highlights were: We had eminent
speakers presentation from NRDC (National Research Development Corporation), start up
companies experience sharing, venture capitalist presentation etc.,, launching of Industry CMTI
affiliate program (iCAP), releasing of videos of CMTI technologies and so on. Later CMTI has uploaded
this event video in to the social media platform (YouTube).
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CMTI has organised NRDC supported Joint Industry Interaction Meet on “Manufacturing Technology for
Sustainability” in hybrid mode on 11% March 2022. The main agenda of this event were introduction and
address by Cmde Amit Rastogi (Retd), Chairman and Managing Director, NRDC, New Delhi, Showcase of
selected CMTI developed technologies video glimpse, Brief on CMTI & technology presentation by Director
and presentation on NRDC schemes by Shri N G Lakshminarayan, Chief Business Development, NRDC,
New Delhi, followed by industry interaction panel discussion and CMTI facility visit.

CMTI has initiated the process of signing the MoU document between M/s CMTI & M/s Thales, France
to work in the areas of open source hardware and software. MoU was signed and exchanged between
M/s CMTI & M/s Thales on 31t March 2022 at 05.30 PM at Udyog Bhawan, Ministry of Heavy Industries.
Our honourable Cabinet Minister Dr. Mahendranath Pandey, Shri Arun Goel, Secretary Ms. Nidhi
Chhibber, Additional Secretary and other senior officials of the Ministry of Heavy Industries along
with Director and few officials from CMTI have graced the occasion.
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The Hindi Pakhwada was organized at CMTI from 01 to 14 September 2021 as part of
“Promoting Official Language — Hindi” in day to day working in the Institute. As part of the celebrations,
“Hindi Diwas” was celebrated on 14" September, 2021. Dr. Jatinder Singh, Chief Scientist, CSIR-NAL,
Bengaluru was the Chief Guest and Dr. Nagahanumaih, Director, CMTI Chaired the function. The prizes
were distributed by the chief guest to the winners of various competitions such as Debate in Hindi,
What does the picture speak, Singing Songs in Hindi and Dictation and Hindi Typing.




Other Events

Independence Day

The Independence Day was celebrated on 15"
August, 2021. Dr. Nagahanumaiah, Director hosted
the National Flag with patriotic spirit followed by
National Anthem. We celebrated the bravery of
our fathers and their gift of freedom.

Observance of Swachhta Pakhwada in CMTI
from 16™ to 31 August, 2021

CMTI conducted Swachhta Pakhwada from 16%
to 31 August, 2021. The following are the key
events organized under this program. Swachhta

Pledge was administered by Director, Centre/
Group Heads, to the employees of CMTI and
mask were distributed to the employees.

A  Webinar on Women Hygenic related was
conducted. Planting of saplings by Director,
Centre/ Group Heads and a massive cleanliness
drive was carried out in and around CMTI by CMTI
Employees. CMTI Employees participated actively
in the Speech, Essay Writing, Quiz and Drawing
Competitions in connection with Swachh Bharat, and
prizes were distributed to the winners. Cleaning of
work place by employee’s. The Swachhta Pakhwada
concluded with a function organized at CMTI, on the

occasion.
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Inauguration of Technical Seminar in Hindi
and SMDD Cell

Dr. Mahendra Nath Pandey, Hon’ble Minister of Heavy
Industries, Government of India, visited our Institute
on 06" September, 2021 to inaugurate the Technical
Seminar in Hindi, organised in connection with
Diamond Jubilee Celebration and also inaugurated
the SMDD Cell and had an interaction session with
Industry partners.

National Engineer’s Day

As part of National Engineer’s Day celebration, a
programme was organized on 15% September, 2021.
On this occasion the ultra precision co-ordinate
measuring machine established under MOPML
project was inaugurated by Shri Pankaj Kumar Pandey,
Secretary, MSME, GoK. Dr. Nagahanumaiah, Director,
presided over the programme, Shri Pankaj Kumar
Pandey, Secretary, MSME, GoK was the Chief Guest and
Smt. Vinoth Priya, IAS, Director, MSME, GoK was the
guest of Honour. In connection to National Engineer’s
Day celebration, a Technical Talk Presentation and
Novel Solutions to the challenges faced in discharging
work responsibilities competitions was organised in
four categories - Scientists, Technical staffs (Diploma
Holders), Technicians (ITI Holders) and Non- Technical
Staffs. The prizes were distributed to the Awardees.

Ayudha Pooja

Ayudha Pooja was celebrated with usual fervour
and devotion at CMTI on 14™ October, 2021, at main
workshop.

Vigilance Awareness Week

The 'Vigilance Awareness Week' was observed at
CMTI from 26t October to 1% November, 2021. As part
of the celebration, the oath taking of the integrity
pledge was administered by Director, Centre/ Group
Heads at their respective work place.

A concluding programme was organized on 12
November, 2021 to mark the Vigilance Awareness
Week. Shri H R Prakash, retired Divisional Manager,
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Vigilance, Canara Bank, was the Chief Guest on the
occasion. On this occasion 'Speech, Drawing & Essay
Writing Competition' was organized and winners were
felicitated by the Director. The Director shared his
views on vigilance matters in general and in special
reference to “Independent India @ 75: Self Reliance
with Integrity” and spoke elaborately regarding the
different faces of corruption & bribes and combating
them.

Rashtriya Ekta Diwas

CMTI celebrated the National Day of Unity
(Rashtriya Ekta Diwas) on 31 October, 2021. To
initiate the program Director administered the
Rashtriya Ekta Diwas Pledge to all the employees
on 31.10.2021 virtually. The security personnel
holded a “March Past” at CMTI.

Kannada Rajyotsava

CMTI celebrated the 36%™ Kannada Rajyotsava
on 26" November, 2021. The function was
inaugurated by hoisting the flag by the director.
The Director addressed the gathering. Prizes were
also distributed to the wards of the employees
who had excelled in their academics by the
Director and Joint Directors. Dr. B. V. Rajaram,
Senior Actor, Director and Theatre personality and
Dr. Y. C. Dodaiah, Literaturist, were the Chief Guests.

As part of the celebration various indoor and
outdoor, cultural competitions were conducted
and prizes were distributed by the chief guest to the
winning participants.
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Constitution Day

The Constituent Assembly adopted Constitution of
India on 26" November, 1949. Constitution Day
also known as Samvidhan Diwas was observed on
26" November, 2021 and we the people of India
read the Preamble of the Constitution of India, to
commemorate the adoption of the Constitution
of India. The Director, Centre and Group Heads
administered the pledge at their respective work
place to the employees. The Kannada version of
the preamble of the Constitution of India was read
by all Employees during Kannada Rajyotsava
celebration on 26" November, 2021




Dr. B. R. Ambedkar Jayanthi Celebration

Republic Day

CMTI celebrated 130" birth anniversary of Bharath
Ratna Dr. Bhimrao Ramji Ambedkar on 1 December,
2021. A Function was organized by CMTI SC/ST
Employees Social Economic Development Association.
The programme was presided by Dr. Nagahanumaiah,
Director, CMTI, and addressed the audience in
honour of Dr. B. R. Ambedkar’s contribution to the
society. Dr. H. R. Surendra, Professor and HoD
of Ophthalmology AIMS & R C Devanahalli, and

Prof. Hariram A, Advocate, was the Chief Guest
for the Day.

The Republic Day was celebrated on 26% January,
2022. Dr. Nagahanumaiah, Director hosted the
National Flag followed by National Anthem by

honouring the date on which the Constitution of
India came into effect.
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Women's Day Celebration

CMTI Women Employees celebrated 'International
Women's Day' at CMTI on 8" March, 2022 to
celebrate unprecedented global movement for
Women's rights, equality and justice, their limitless
imagination, their joyous dreams and their boundless
strength. The campaign theme for the year's IWD is
“#Break the Bias”.
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Annual Accounts Statements

Independent Auditor’s Report

To,

The Members of M/s Central Manufacturing
Technology Institute, Bangalore.

Report on the standalone Financial
Statements

Opinion

We have audited the accompanying financial

statements of M/s Central Manufacturing Technology
Institute, which comprises the Balance Sheet as at
March 31, 2022, the Statement of Income and
Expenditure and Receipts and Payments for the year
ended 31 March 2022 and a summary of significant
accounting policies and notes to accounts.

In our opinion and to the best of our information
and according to the explanations given to us, the
aforesaid financial statements give the information
required and give a true and fair view in conformity
with the accounting principles generally accepted
in India:

1) In case of Balance Sheet, of the state of affairs of
Central Manufacturing Technology Institute, as at
31 March 2022.

2) In case of the Income and Expenditure Account,
of the Surplus, being Excess of Income over
Expenditure for the year ended on that date.

3) In case of Receipts and payments Account of
receipts and payments for the year ended 31
March 2022.

Basis for Opinion

We conducted our audit in accordance with the
Standards on Auditing (SAs) issued by Institute of
Chartered Accountants of India. Our responsibilities
under those standards are further described in
the Auditor’s Responsibilities for the Audit of the
Financial Statements section of our report. We are
independent of the company in accordance with the
Code of Ethics issued by the Institute of Chartered
Accountants of India, and other we have fulfilled
our other ethical responsibilities in accordance with
these requirements and the Code of Ethics. We

believe that the audit evidence we have obtained
is sufficient and appropriate to provide a basis for
our opinion.

Management's Responsibility for the Financial
Statements

Management is responsible to the preparation of
the financial statements. This responsibility also
includes maintenance of adequate accounting
records for safeguarding of the assets of the institute
and for preventing and detecting frauds and other
irregularities; selection and application of appropriate
implementation and maintenance of accounting
policies; making judgments and estimates that are
reasonable and prudent; and design, implementation
and maintenance of adequate internal financial
controls, that were operating effectively for ensuring
the accuracy and completeness of the accounting
records, relevant to the preparation and presentation
of the financial statement that give a true and fair
view and are free from material misstatement,
whether due to fraud or error.

Auditor’s Responsibility for the Audit of the
Financial Statements

Our objectives are to obtain reasonable assurance
about whether the financial statements are free
from material misstatement, whether due to fraud or
error, and to issue an auditor’s report that includes
our opinion. Reasonable assurance is a high level
of assurance, but is not a guarantee that an audit
conducted in accordance with SAs will always
detect a material misstatement when it exists.
Misstatements can arise from fraud or error and
are considered material if, individually or in the
aggregate, they could reasonably be expected to
influence the economic decisions of users taken on
the basis of these financial statements.

We further report that:

a. We have sought and obtained all the information
and explanations which, to the best of our
knowledge and belief, were necessary for the
purpose of our audit and have found them to be
satisfactory.



b. Inouropinion, proper books of account as required by
law have been kept by the Institute, so far as appears
from our examination of those books

c. The Balance Sheet and Income and Expenditure
Account and Receipts and Payments Account dealt
with by this Report, are in agreement with the books
of account.

For B. R. V. GOUD & Co.,
Chartered Accountants
FRN: 0009925

Sd/-

(A. B. Shiva Subramanyam)

Partner

M. No.: 201108
Date: 30.09.2022
Place: Bengaluru



Audited Accounts Statements (Balance Sheet)

CENTRAL MANUFACTURING TECHNOLOGY INSTITUTE, BENGALURU

BALANCE SHEET AS AT 31.03.2022

(Amount in Rupees)

PARTICULARS SCHEDULES As at 31.03.2022 As at 31.03.2021
CAPITAL FUND & LIABILITIES
General Fund 1 3,02,63,13,055 2,98,20,18,373
Ear Marked Fund 2 25,94,97,438 28,03,25,619
Other Funds 3 20,16,33,785 19,81,61,790
Current Liabilities & Provisions 4 70,08,00,660 86,21,86,729
TOTAL 4,18,82,44,938 4,32,26,92,511
ASSETS

Fixed Assets-Gross Block 5-5A 3,38,19,31,466 2,83,85,78,114
Less : Accumulated Depreciation 1,52,08,74,893 1,39,81,51,886
Net Block 1,86,10,56,573 1,44,04,26,228
Capital Work-in-Progress 6 54,87,76,383 96,51,00,444
Investments 7 14,59,98,156 14,50,00,000
Current Assets and Loans & Advances 8 1,63,24,13,826 1,77,21,65,839
TOTAL 4,18,82,44,938 4,32,26,92,511
Significant Accounting Policies 16

Contingent Liabilities and Notes to Accounts 17

Sd/- Sd/- Sd/-
(RAMA K) (PURAN KUMAR AGARWALLA) (DR. NAGAHANUMAIAH)
SENIOR ACCOUNTS OFFICER FA & CAO DIRECTOR

Place: Bengaluru
Date: 30.09.2022

As per our report of even date,
for BRV Goud & Co.,,
Chartered Accountants
Firm Regn No. 000992S

Sd/-
(A. B. SHIVASUBRAMANYAM)
PARTNER
M.No. 201108



CENTRAL MANUFACTURING TECHNOLOGY INSTITUTE, BENGALURU

INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR ENDED 31.03.2022

(Amount in Rupees)

PARTICULARS SCHEDULES 2021-22 2020-21
A. INCOME
Income from Sales and Services 9 39,19,32,464 32,67,07,699
Grants from Govt of India 15,00,00,000 21,80,00,000
Interest Earned 10 5,51,51,114 5,60,81,772
Other Income 11 40,88,871 36,32,907
Increase/(decrease) in Work-in-progress 12 77,32,000 (1,40,28,000)
TOTAL (A) 60,89,04,448 59,03,94,378
B. EXPENDITURE
Stores & Spares consumed 15,30,48,594 17,72,30,361
Establishment Expenses 13 27,39,98,854 26,09,02,338
Other Administrative Expenses 14 7,33,09,070 6,27,06,221
Depreciation 5 11,94,74,959 11,99,44,074
TOTAL (B) 61,98,31,478 62,07,82,994
C. Excess of Income over Expenditure for the year (1,09,27,029) (3,03,88,616)
(A-B)
Add/(less): Prior Period Income/(Expenses) 15 1,48,68,690 2,23,81,076
D. Balance Being (Deficit )/Surplus transferred to 39,41,661 (80,07,539)
General Fund
Significant Accounting Policies 16
Contingent Liabilities and Notes on Accounts 17
Sd/- Sd/- Sd/-
(RAMA.K) (PURAN KUMAR AGARWALLA) (DR. NAGAHANUMAIAH)
SENIOR ACCOUNTS OFFICER FA & CAO DIRECTOR

Place: Bengaluru
Date: 30.09.2022

As per our report of even date,
for BRV Goud & Co.,
Chartered Accountants
Firm Regn No. 000992S

Sd/-
(A.B. SHIVASUBRAMANYAM)
PARTNER
M.No. 201108




Significant Accounting Policies

ORGANISATION OVERVIEW

Central Manufacturing Technology Institute (CMTI),
a premier R&D organization in the manufacturing
technology, established in the year 1962, is an
autonomous body, registered in the year 1962, as a
society under the Karnataka society’s registration
Act, 1960. The Institute is functioning under the
administrative control of Ministry of Heavy Industries.

1. BASIS OF PREPARATION OF FINANCIAL STATEMENTS

The financial statements are drawn up in accordance
with historical accounting convention and on the
accrual basis of accounting except as otherwise
stated. The accounting standards and guidelines
given by the ICAI for NPO’s have been adopted to
the extent that they are directly applicable, in the
preparation of financial statements except AS11. The
financial statements are prepared, as per formats
prescribed by Controller General of Accounts (CGA).

2. INVENTORY VALUATION

Stores and spares (including machinery spares) are
valued at cost. Work in Progress has been valued at
estimated cost.

3. SUNDRY DEBTORS

The Institute makes provision for doubtful debts of
100%, on debts outstanding for a period of more
than 3 years.

4. FIXED ASSETS

4.1 Fixed Assets are stated at cost of acquisition
inclusive of inward freight, duties and taxes
and incidental and direct expenses related to
acquisition.

4.2 Fixed Assets pertaining to External project is
accounted as a separate block. All capital items
of expenditure incurred on acquisition and other
related expenses of the project have been debited
to fixed assets and correspondingly crediting
Project Fund Account under Capital Reserve.

5. DEPRECIATION

5.1 Depreciation is provided on Straight Line method
as per the rates determined considering the life of
the asset and their disposal value.

5.2 Depreciation is calculated based on number of
days the asset is put to use.

6. REVENUE RECOGNITION

Revenue is recognized to the extent that it is probable
that the economic benefits will flow to the Society.
Revenue from sale of goods is recognized when
the goods dispatched against the Confirmed order
of the Institute. The Institute collects Goods and
service tax on behalf of the government and
therefore, these are not economic benefits flowing
to the Institute. Sales are net of sales returns, rebate
and trade discount. In respect of Long Duration
Project Sales, Sales revenue is recognized as per
the contracted terms depending on the stage of
completion. Interest is accounted on accrual basis.
Subscriptions are accounted on cash basis. Rental
Income is accounted on accrual basis.

7. GOVERNMENT GRANTS

7.1 Plan grants received from Central Government
are treated as contributions to General Fund
on utilization of the grants. The said Grants
are accounted on Govt. Sanction basis and
expenditure met out of Plan grants is accounted
on cash basis.

7.2 Grants received for salaries and other adminis-
trative overheads from Central Government are
credited to Income & Expenditure account.

8. INTEREST ON FIXED DEPOSITS OUT OF PLAN GRANTS

8.1 Interest earned on short term deposit made out
of plan Grant in Aid for the financial year is
deposited back to Ministry of Heavy Industries at
the time of release of further grants.

8.2 Fixed deposits relating to plan Grants in Aid are
accounted on principal value deposited and
interest re-deposited not realized during the
financial year is not considered as income, as the
entire interest earned will be deposited back to
Ministry.

9. FOREIGN CURRENCY TRANSACTIONS

Transactions denominated in foreign currency are
accounted at the exchange rate prevailing at the
date of transaction.

<



10.

11.

12.

13.

RETIREMENT BENEFITS

Liability in respect of retirement benefits such as
Gratuity and EL Encashment are determined by
actuarial valuation and provided for in the books of
accounts, as per Revised Accounting Standard — 15.

EMPLOYEES BENEFITS

Short Term Employee Benefits

All employee benefits payable wholly within twelve
months of rendering the service are classified as short
term employee benefits and they are recognized in
the period in which the employee renders the related
service.

Defined Contribution Plans

Contribution to provident fund are deposited with the
appropriate authorities and charged to the Income
& Expenditure account on accrual basis, during the
period in which the employee renders the related
service. The Institute has no further obligations
under the provident fund plan beyond its monthly
contributions.

Defined Benefit Plans

The Institute has not made any defined benefit planin
respect of leave encashment and gratuity.

PROVISION FOR WARRANTY

Provision for warranty is calculated by estimating the
cost based on actual historic expenses incurred and
estimating the future expenses related to current
sales and based on the certification by technical
engineers. Actual warranty costs are charged against
the provision for warranty.

BMRCL COMPENSATION

Amount received from BMRCL on compulsory
acquisition of land is shown under “Other Funds”.
Income earned on the Investment made out of this
amount is recognized as income of the Society.

CONTINGENT LIABILITIES AND NOTES ON ACCOUNTS

1.

CONTINGENT LIABILITIES

a) A summary of the disputed liability not
acknowledged as debts have been summarized
below

Financial | Amount Forum where dispute is
Year Rs. pending
2013-14 43,39,677 |Employees Provident Fund
Appellate  Authority, New

Delhi (in the case of CMTI
Employees Provident Fund
Trust)

The management believes that the claim made
is untenable and is contesting them. As of the
reporting date, the management is unable to
determine the ultimate outcome of the above
matter. The Management does not expect the
outcome of these proceedings to have material
adverse effect on its financial results

b) The Institute has not acknowledge the liability
of Rs. 1,03,340/- arising on account of short
deduction of TDS & penalty & Interest on
delayed payment of TDS.

c) CMTI has received a demand notice dt. 22.09.21,
for Rs. 6.68 crores from BBMP towards property
tax for the period from 2005-06 to 2021-22.
However, CMTI being an autonomous R&D
Institute and the entire property belongs to
Government of India, CMTI has taken a stand that
only service tax calculated @25% of property tax
amount is payable. The discussion are still on with
the BBMP. Hence CMTI has not paid property tax
since 2005-06.

2. CAPITAL COMMITMENTS

The institute is executing various plan projects
continued from Xl Plan approved by Government of
India and planning commission which involves capital
expenditure and plan projects sanctioned under the
Scheme Enhancement of Global Competitiveness of
Indian Capital Goods Sector by Department of Heavy
Industries. The Plan expenditure is accounted on as
per the government system of accounting.

FIXED ASSETS

Depreciation on Fixed Assets of External project
has been charged on straight line basis as per rates
mentioned in Schedule 5A. Depreciation on Fixed
Assets relating to such project has been debited to
the Project Fund Account and the respective Fixed
Asset is credited. Thereby no depreciation on account
of External Project is charged to the Statement of
Income & Expenditure Account for the year 2021-22.



4. CAPITAL WORK IN PROGRESS

Capital Work In Progress consists of the fixed assets
purchased and received, but which are yet to be
tested / installed or commissioned. The capital work
in progress consists of the cost of the fixed assets and
also the direct expense related to their acquisition
and deposit of Rs. 19.17 Crores paid to CPWD for
execution of civil works for various plan projects.

CURRENT ASSETS, LOANS AND ADVANCES

a. In the opinion of the Management, the current
assets, loans and advances have a value on
realization in the ordinary course of business,
equal at least to the aggregate amount shown in
the Balance Sheet.

b. The Sundry Debtors balances are subject to
confirmation. Sundry debtors group includes TDS
deducted from the parties & unreconciled credits.
Hence parties balance need to be reconciled.

c. As per the accounting policies, 100% provision to
be made on debts exceeding 3 years. Instead of
year wise break up, Bill wise break up of sundry
debtors is maintained for this purpose.

d. Advances & Deposits unsecured and

considered good.

are

e. Fixed deposit to the extent of Rs. 41 Lakhs of
STDF Project is categorized under Capital work in
progress towards plan commitments.

6.

9.

10.

INCOME & EXPENDITURE ACCOUNT

Depreciation on Fixed Assets has been provided on
Straight-line method at rates followed by the Institute,
as in previous years. The fixed assets are being
depreciated on gross block basis and not individual
asset wise.

Stores & Spares Consumed includes purchases of
Raw Materials, Labour charges, Professional charges,
Service Charges, Transportation, Travelling, stores &
consumables.

Some of the Invoices are includes Installation also.
Due to pandemic the institute could not complete
installation fully. To do the matching concept, the
institute has made provision of Rs. 5 crores as cost
of installation for the FY 2020-21. One Machine
installation complete during 2021-22 and hence
excess provision reversed to prior period income
account amounting to Rs. 1.36 cr

TAXATION

The institute has been recognized U/S 35(1) (ii) of
the Income Tax Act, 1961, as a Scientific Research
Organization.

Corresponding figures for the previous year have
been regrouped / rearranged, Wherever necessary.

Figures are rounded to the nearest rupee.

Schedules 1 to 17 are annexed to and form an integral
part of the Balance Sheet as at 31.03.2022 and the
Expenditure Account for the year ended on that date.

Signature to the Schedule 1 to 17

Sd/- Sd/- Sd/-
(RAMA K.) (PURAN KUMAR AGARWALLA) (DR. NAGAHANUMAIAH)
SENIOR ACCOUNTS OFFICER FA & CAO DIRECTOR

Place : Bengaluru
Date: 30.09.2022

As per our report of even date,
for BVR Goud & Co.,
Chartered Accountants
Firm Regn No.000992S

Sd/-
(A.B. SHIVASUBRAMANYAM)
PARTNER
M.No 201108



Revenue Earnings for Past Five Years from
Design & Development Activities (Rs. in Lakhs)
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Revenue Earnings for the Past Five Years
from Miscellaneous Activity (Rs. in Lakhs)
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Major Heads of Revenue During 2021-22 (Rs. in Lakhs)
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Major Heads of Expenditure During 2021-22 (Rs. in Lakhs)

m Salaries
B Stores & Spares consumed
340 Depreciation

Other Administrative Expenses

Other Expenses




Users of CMTI Services

Clients - Number Wise

Type No. of Clients Numbers (in %)
General Engineering 611 79.97
Government 36 4.71
Educational Institutes 117 15.31
Total 764 100.00
Clients - Value Wise
Type Rs. in Lakhs Value (in %)
General Engineering 1436.64 73.63
Government 492.76 25.26
Education Institutes 21.73 1.11
Total 1951.13 100.00

Total Clientele Distribution

I Total

" Industry




Staff Position as on 31 March 2022
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CMTI Members (As on 31.3.2022)

Alliance University, Alliance College of Engineering & Design, Bengaluru - 562 106
Amrita School of Engineering, Coimbatore - 641 112

B N M Institute of Technology, Bengaluru - 560 070

Bengaluru Institute of Technology, Bengaluru - 560 004

Bumper India Pvt Ltd, Nashik - 422 010

Chaitanya Bharathi Institute of Technology (CBIT), Kadapa Distirct, Proddatur - 516 360
CVR College of Engineering, Telangana State - 501 510

Dayananda Sagar Academy of Technology & Management, Bengaluru - 560 082
Dayananda Sagar College of Engineering, Bengaluru - 560 111

. DHIO Research & Engineering Pvt. Ltd., Bengaluru - 560 010

. Dhruva Space Pvt Ltd, Telangana - 500 016

. Don Bosco Institute of Technology, Bengaluru - 560 074

. Global Academy of Technology, Bengaluru - 560 098

. Godrej & Boyce Mfg. Co. Ltd., Mumbai - 400 079

. KL Developers, Palace Road, Solan - 173 212

. K.N.S Government Polytechnic, Samastipur, Samastipur - 848 160

. M S Ramaiah Institute of Technology, Bengaluru - 560 054

. Maturi Venkata Subb Rao Engineering College (MVSREC), Hyderabad - 501 510
. Meenakshi Ramaswamy Engineering College, Ariyalur (DT) - 621 804
. MERITECH, Pune - 411 046

. MGM's of College of Engineering, Nanded - 431 605

. MIT - World Peace University, Pune - 411 038

. Mody University of Science & Technology, Rajasthan - 332 311

. Nagarjuna College of Engg. & Technology, Bengaluru R Dist. - 562 164
. National Institute of Technology, Silchar - 788 010

. National Institute of Technology, Tiruchirapalli - 620 015

. Ordnance Factory Board, Ambarnath (W) - 421 502

. PSG College of Technology, Coimbatore - 641 004

. R Stahl Pvt. Ltd., Chennai - 603 204

. Ramco Institute of Technology, Rajapalayam- 626 117

. Sapthagiri College of Engineering, Bengaluru - 560 057

. SNS College of Technology, Coimbatore - 641 035

. Sreenidhi Institute of Science & Technology, Telangana - 501 301



34.
35.
36.
37.
38.
39.
40.
41.
42.

Sreenivasa Institute of Technology and Management Studies (SITAMS), Chittoor - 517 127
Sri Sairam College of Engineering, Bengaluru - 562 106

Sri Venkateswara College of Engineering, Tirupati - 517 507

Tontadarya College of Engineering, Gadag - 582 101

University Visvesvaraya College of Engineering (UVCE), Bengaluru - 560 001

V R Siddhartha Engineering College, Vijayawada - 520 007

VEMU Institute of Technology, Chittoor (Dt.) - 517 112

Vidya Vikas Institute of Engineering & Technology, Mysuru - 570 028

Vignan's University, Guntur District - 522 213
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CNT Lattice Structure
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Features offered to the Affiliates. ll |

1.VISIT BY STUDENTS/YEAR:
* Five Batches of 40 students/ Year.

2. ACCESS TO CMTI LAB FACILITIES
(WORTH RS. 1.5 LAKH): Additional Benifits to the

e Machining, Calibration, Inspection, Affiliates.

Testing, Characterisation & MEMS
Packaging.

. Afﬁllates can utilise the laboratory 2. Obneriinity for collelboration:
facilites of worth Rs. 1.5 Lakh. To be funded separately.

* Priority to member institute in 3. Validity of MoU: 1 Year.

providing services . 4. One month internship:
3. TRAINING PROGRAMS (worth Rs 5000):  Vax. no. of 4 B.E/B.Tech Students,

(Summer/Winter internships subject
e Affiliates can avail training programs to availability).
of their choices. . Projects:
4. WORKSHOPS, SEMINARS AND Max. no. of 2 M.E/M.Tech/PhD
CONFERENCES: tudents,

(Students should select only available
e Maximum no. of registrations: project of CMTI).

1. Dedicated workshop:
To be funded separately.

6 Students/Faculty/Year. . Services of resource person for
& . . providing experts Lectures/
e Maximum no. of registrations per Workshops/FDPs

. (Faculty Development Program), etc.
program: Maximum no. of Lecture hours:

p) StUdEﬂtSIFEEUH?,{VEEI’. 4 hours online, 8 hours offline.

THANKS FOR YOUR PATRONAGE
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Central Manufacturing Technology Institute Centre for Advancement of Manufacturing
Tumkur Road, Bengaluru - 560 022, Technology (CAMT)

Karnataka, India Tel : +91-80-23372048 CMT! Regional Centre

Fax : +91-80-23370428 NSIC - TSC Campus, Aji Industrial Estate,

E-mail : director@cmti.res.in Bhavnagar Road, Rajkot - 360 003, Gujarat, India

Website : www.cmti.res.in Telefax : 0281 - 2384128 E-mail : cmitirc@cmiti.res.in
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