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°Abstract

The advancement of observational astronomy is intrinsically linked to the precision and scale
of mechanical engineering. While telescopes are often perceived as primarily optical
instruments, their performance is governed by the structural integrity, thermal stability, and
kinematic precision of their mechanical subsystems. This paper explores the multifaceted role
of mechanical engineering in the lifecycle of observatories—from the conceptual design of
massive dome structures and slit mechanisms to the intricate manufacturing of opto-
mechanical assemblies. It highlights the importance of material handling in remote high-
altitude sites, the rigor of quality control in fabrication, and the integration of modern
technologies like 3D printing and CAD. By examining major Indian telescope projects, this
research underscores the critical contribution of mechanical engineers in ensuring that the
"eye on the sky" remains stable, accurate, and resilient against environmental extremes.

(Key words:-Telescope, Observatory, Dome, Slit, Shutter, Crane, Lift, Pier, Design, Manufacturing, 3D
Printing, AutoCAD, Air Compressor etc. )

°Introduction

Astronomy has transitioned from small, hand-held instruments to massive, multi-ton
structures capable of peering into the deep reaches of the universe. This evolution has shifted
the burden of development from purely optical craftsmanship to complex multidisciplinary
engineering. Mechanical engineering serves as the backbone of this progress, providing the
necessary support systems to house, move, and protect sensitive optical components.

An observatory is not merely a building; it is a high-precision machine. The mechanical
challenges include managing gravitational flexure in mirrors, ensuring micron-level tracking
accuracy of mounts, and designing domes that can withstand gale-force winds while
maintaining a stable internal thermal environment. As telescopes grow into the "Extremely
Large Telescope” (ELT) class, the role of the mechanical engineer becomes even more
pivotal in overcoming the limits of traditional materials and structural designs.
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°Types of Telescope and Observatories

Telescopes are categorized based on their optical design and the wavelength of light they
detect, each imposing unique mechanical requirements:

1. Optical Telescopes: These include Refractors (lenses) and Reflectors (mirrors). Mechanical
engineers must design mounts (Alt-azimuth or Equatorial) that can move hundreds of tons of
glass with sub-arc second precision.

2. Radio Telescopes: These involve massive parabolic dishes. The mechanical challenge here
lies in maintaining the surface accuracy of the dish across large diameters (up to 500 meters)
and managing the wind loads on the structure.

3. Space Observatories: Telescopes like James Webb require deployable mechanical structures
that must unfold in a vacuum after surviving the high-vibration environment of a rocket
launch.

4. Ground-Based Observatories: Located at high altitudes (e.g., Hanle in India), these require
specialized HVAC and insulation systems to prevent "dome seeing"—turbulence caused by
temperature differences between the air inside and outside the dome.

°Observatory Dome and Slit Mechanism

The dome is the first line of defence for a telescope. Its primary mechanical functions are
protection and environmental control.

« Rotation System: The entire dome structure, often weighing hundreds of tons, must rotate
smoothly to follow the telescope’s azimuth. This requires heavy-duty bogie systems,
precision tracks, and synchronized drive motors.

e The Slit/Shutter Mechanism: The aperture through which the telescope views the sky must
open and close reliably. Mechanical engineers design "up-and-over™ or "side-sliding"
shutters. These mechanisms must be fail-safe; if power fails during a storm, the shutters must
be capable of manual or emergency closure to protect the primary mirror.

e Sealing and Insulation: To maintain thermal equilibrium, the dome must be airtight when
closed. Mechanical seals and specialised cladding materials are used to minimise heat
transfer, ensuring the telescope stays at the night-time ambient temperature throughout the
day.
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“Telescope Installation Procedure

The installation of a telescope is a high-stakes mechanical operation. It typically follows a
rigid sequence:

1. Foundation and Pier Construction: A vibration-isolated concrete pier is built, separate
from the observatory floor, to ensure that human movement or dome rotation does not shake
the telescope.

2. Mount Assembly: The base and yoke/fork are installed using heavy cranes. Alignment at

this stage is critical; the polar axis (for equatorial mounts) must be aligned with the Earth's

rotational axis.

Optical Tube Assembly (OTA): The frame that holds the mirrors is mounted.

4. Mirror Integration: This is the most delicate phase. The primary mirror (M1) is lifted using
specialized vacuum lifting fixtures and integrated into its "cell,” which contains the support
actuators.

5. Commissioning: The mechanical drives are tuned, and the pointing model is calibrated to
compensate for structural sagging (flexure).

w

°Material Handling Systems on Building up an Observatory

Observatories are usually built in remote, inhospitable locations like the Himalayas or the
Atacama Desert. The logistics of moving delicate components are immense.

e Specialized Cranes: Custom gantry cranes are often built inside the dome during
construction to facilitate the lifting of mirrors for periodic recoating.

e Transport Containers: Mirrors require vibration-isolated, temperature-controlled shipping
containers to survive transport over rugged terrain.

e Hydraulic Lifts: Within the observatory, hydraulic platforms are used to move heavy
instruments from the basement to the Nasmyth platforms of the telescope.

°Utility of air compressors, hydraulic power packs, and chiller units

Air compressors, hydraulic power packs, and chiller units play critical roles in telescope
operations at observatories like ARIES by supporting pneumatic controls, precise
movements, and temperature regulation for optimal performance. These systems ensure
vibration-free environments, prevent overheating, and maintain structural integrity during
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observations. In high-altitude sites such as Devasthal, their reliability directly impacts
observatory management and scientific output.

OAir Compressor Role

Air compressors supply pneumatic power for dome rotation, mirror adjustments, and valve
controls in telescopes, minimizing vibrations essential for precise imaging. They also aid
maintenance tasks like cleaning optics and operating tools in observatory workshops. Proper
operation prevents downtime in systems like those supporting ARIES' 3.6m DOT telescope.

OHydraulic Power Pack Role

Hydraulic power packs drive heavy mechanisms such as enclosure openings and telescope
pointing, offering high force in compact setups ideal for observatory constraints. They
maintain fluid pressure for smooth, repeatable motions under varying loads. Cooling
integration prevents efficiency loss in continuous operations.

0Chiller Unit Role

Chiller units regulate temperatures for detectors, optics, and enclosures, countering heat from
motors and electronics to preserve image quality. Air-cooled models suit water-scarce
observatory sites, ensuring stable cryogenic conditions for instruments. They extend
component life in demanding environments like Nainital's climate.

O0AiIr Compressor Maintenance

Observatory-grade air compressors require schedules adapted from industrial standards,
emphasizing dust control at high altitudes.

Frequency Tasks

Daily Check for leaks, drain condensate, inspects unusual noises.

Weekly/Monthly |Clean/replace air filters, check belts/tension and lubricate parts.

6 Months/500 hrs |Change oil, replace filters/separators.

Annually/1000 hrs|Full inspection, clean heat exchangers, test safety systems.
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OHydraulic Power Pack Maintenance
Focus on fluid integrity and heat management for reliability in precision drives.
o Daily/weekly: Inspect leaks, check fluid levels/temperatureand monitor pressure.
o Monthly: Test seals/gaskets, filter changes, temperature gauge calibration.
e Quarterly/6 months: Full fluid analysis/replacement, component wear checks.
e Annually: System flush, hose/belt replacements.

O0Chiller Unit Maintenance

Daily visual checks prevent failures in cooling-critical telescope setups.

Frequency Tasks
Daily Inspect leaks/noises, check oil/refrigerant levels and clean coils/filters.
Weekly Verify water flow/pressure, belt tension and electrical connections.
Monthly Lubricate motors, test controls/switches, clean heat exchangers.
Quarterly/Annually Full refrigerant charge, coil deep clean, performance logging.

°Importance of Mechanical Inspection and Quality Control

In telescope manufacturing, the margin for error is non-existent. Mechanical inspection
ensures:

1. Dimensional Accuracy: Large structural components must meet tolerances of a few microns
to ensure the optical axis remains aligned during rotation.

2. Surface Roughness: Bearings and gear teeth must be machined to extreme smoothness to
prevent "stiction™ or jitter during tracking.

3. Non-Destructive Testing (NDT): Weldments in the telescope mount are subjected to X-ray,
Dye Penetration or ultrasonic testing to ensure no structural failures occur; under the massive
weight of the optics.
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4. Geometric Dimensioning and Tolerancing (GD&T): This is used to ensure, that; the
complex assembly of thousands of parts fits together perfectly on-site, as field modifications
are often impossible.

°Opto-Mechanical Equipment in Observational Sciences

Opto-mechanics is the sub-discipline that bridges the gap between optics and mechanical
engineering. It involves the design of:

e Mirror Cells: These are complex mechanical beds that support the mirror. They use active
optics—hundreds of pneumatic or electromechanical actuators—to constantly adjust the
shape of the mirror to counteract gravity-induced deformation.

o Hexapods: Six-degree-of-freedom mechanical positioners used to align the secondary mirror
(M2) with sub-micron precision.

o Filter Wheels and Cryostats: Mechanical systems that swap optical filters or hold
instruments in a vacuum at cryogenic temperatures (near -200°C) to reduce thermal noise.

°Major Telescope projects of India

India has a robust history of telescope development, led by institutions like ARIES, I1A,
IUCAA, and ISRO:

1. Devasthal Optical Telescope (DOT): A 3.6-meter diameter telescope, currently the largest
in India. Its mechanical mount and dome are marvels of indigenous and international
collaboration.

2. Himalayan Chandra Telescope (HCT): Located at 4,500 meters in Hanle, it requires
mechanical systems capable of operating in thin air and extreme cold.

3. Giant Metrewave Radio Telescope (GMRT): Consists of 30 dishes, each 45 meters in
diameter. The mechanical design uses a "SMART" concept (Stretch Mesh Attached to Rope
Trusses) to make the dishes lightweight yet rigid.

4. Thirty Meter Telescope (TMT) Contribution: India is a major partner in the TMT project,
specifically providing the "M1 Segment Support Assemblies,” which are highly complex
opto-mechanical components.
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(Auto CAD drawing/design of a Reflecting Telescope within a Dome and Enclosure)
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°Role of Mechanical Engineers in Design, Manufacturing, and Execution
A mechanical engineer in this field wears many hats:

o Structural Designer: Using Finite Element Analysis (FEA) to ensure the telescope, as well
as dome, don't bend under its own weight.

o Thermal Engineer: Designing cooling systems to prevent "heat plumes" from interfering
with light paths.

e Control Systems Engineer: Designing the "servo™ systems that drive the motors to track
stars with extreme smoothness.

« Manufacturing Engineer: Overseeing the casting of massive steel structures and the
precision machining of telescope components, gear assemblies etc.
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Involvement of Mechanical Engineering Wing in Observatory & Telescope Management
(ARIES,NAINITAL)

(Columnl1-Rowl»Dome Fabrication (3.6 m DOT*), Column 2-Rowl»Dome Extension Building Erection (3.6
m DOT), Column 3-Row1» Roll-off Roof Fabrication &Erection (1.30 m DFOT*), Column 1-Row 2»
Inspection of Trolley Track(3.6 m DOT*),Column 2-Row 2»Dome Structure Erection(3.6 m DOT*),Column
3-Row 2»Dome Maintenance(104 cm SAMPURNANAND TELESCOPE),Column 1-Row 3»Fastenening of
Dome Structural components(3.6 m DOT*),Column 2-Row 3»Descending of Primary Mirror Cell for
Aluminising(3.6 m DOT*),Column 3-Row 3»Concentricity Checking of Telescope Tube(Schmidt Telescope).

DOT*»Devasthal Optical Telescope

DFOT*»Devasthal Fast Object Telescope
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(Auto CAD drawing/design of a Telescope Dome)
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(Auto CAD drawing/design of a Reflective Telescope Filter-CCD Coupling)
°Role of Mechanical Engineering in Mirror Aluminising

Telescope mirrors are made of glass; but coated with a thin layer of aluminum to be
reflective. This coating degrades over time and must be redone every few years. The process
is a purely mechanical and chemical engineering feat:

1. Vacuum Chambers: Mechanical engineers design and maintain massive vacuum
chambers that can reach pressures of10°Torr,

2. Stripping and Cleaning: The old aluminum must be chemically removed, and the
glass surface cleaned to a molecular level using mechanical scrubbers and ultrasonic
baths.

3. Evaporation Systems: Mechanical systems within the chamber rotate the mirror
while tungsten filaments melt aluminum, creating a uniform vapour cloud that settles
on the glass.

4. lon Sputtering System: lon sputtering is a key technique in modern telescope mirror
aluminising, often preferred over traditional thermal evaporation due to its ability to
produce highly uniform, dense, and strongly adherent aluminum coatings. The
process is used for initial mirror fabrication and regular recoating, which typically
occurs every few years for large observatory mirrors.
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°Usage of 3D Printing in Telescope Component Manufacturing
Additive manufacturing is revolutionising telescope design:

e Topology Optimisation: 3D printing allows for the creation of components that are
incredibly light but maintain high stiffness, which is impossible with traditional casting.

o Prototyping: Rapidly creating scale models of complex slit mechanisms to test kinematics
before final production.

e Complex Internal Channels: 3D printing allows for internal cooling channels within
instrument housings to manage heat directly at the source.

°Usage of AutoCAD and CAD in Mechanical Component Designing

Modern telescopes could not be built without Computer-Aided Design (CAD). Tools like
AutoCAD, SolidWorks, and ANSYS allow engineers to:

e Virtual Prototyping: Detecting "clashes™ between the moving telescope and the fixed dome
structure before a single piece of steel is cut.

e FEA Integration: Directly testing how wind loads will affect the pointing accuracy of the
telescope.

« Kinematic Simulation: Animating the movement of the dome and telescope to ensure full
sky coverage without cable entanglement.

°Mechanical Engineering in CCD-Telescope Systems

Mechanical engineering ensures precise integration of Charge-Coupled Device (CCD)
cameras with telescopes and filter discs, enabling high-resolution astronomical imaging.
These components demand micron-level accuracy to maintain optical alignment during
observations.

0Design Phase
o Design begins with opto-mechanical modelling using software like Zemax and Pro-E
to simulate /9 beams, filter tilts, and CCD positioning, minimizing aberrations and

flexure. For CCD coupling, engineers create mounts with angle brackets, filter
housings from Aluminum 6061-T6, and low-stress supports using Delrin or POM to
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avoid birefringence. Suppose a filter disc’s feature 434 mm diameter wheels with
90x90 mm slots, gear-hobbed module-1 teeth, and hollow bearing shafts for precise
60-degree indexing.

Property

AL 6061-T6
(Aluminum)

Delrin (POM-H)

POM-C
(Copolymer)

Material Class

Metal (Aluminum
Alloy)

Plastic
(Homopolymer)

Plastic (Copolymer)

Density

~2.70 g/lcm3

~1.42 g/lcm3

~1.41 g/cm3

Tensile Strength

~310 MPa (High)

~70 MPa (Medium)

~60 MPa (Medium)

Elastic Modulus ~68.9 GPa (Stiff) ~3.1 GPa (Flexible) || ~2.8 GPa (Flexible)
Melting Point ~582°C ~175°C ~165°C
Machinability Excellent EXCEIII:SQEC()BeSt Excellent

ggsrig?;%g Googrg(ljié(iczeel(lje),\nt i Excellent Excellent
Best For Structural frames, High-load gears, General parts, food

aerospace

bushings

contact

Pradip Chakraborty




IJRAME

Vol.14 Issue 3,

March 2026
Pg:- 01-23

0Key Differences & Insights
1. AL 6061-T6: The Structural Powerhouse

This is the "workhorse" aluminum. It is significantly stronger and stiffer than both plastics.
Choose this when your part needs to carry a heavy load, withstand high heat, or require
electrical conductivity. However, it is heavier and usually more expensive to machine than
plastics.

2. Delrin (POM-H): The Precision Plastic

Delrin is known for having higher mechanical strength and stiffness than standard POM-C. It
has a very slippery surface (low coefficient of friction) and is the "gold standard” for plastic
machining because it produces small, clean chips rather than long, stringy ones.

e Best used for: Small gears, high-tension snap-fits, and parts requiring high impact
resistance.

3. POM-C (Copolymer): The Stable Alternative

Standard POM-C is more resistant to “centerline porosity” (tiny bubbles in the core of the
material) than Delrin, making it better for parts that need to be chemically consistent
throughout. It also handles hot water and strong alkalis better than Delrin.

o Best used for: Manifolds, food processing components, and basic mechanical
spacers.

oWhen to choose which?

e Choose AL 6061-T6 if the part will be exposed to temperatures above 100°C or
needs to be rigid under heavy pressure.

e Choose Delrin if a Mechanical Engineer needs a lightweight, self-lubricating part that
requires high fatigue resistance (like a spring or a gear).

e Choose POM-C if a Mechanical Engineer is looking for a cost-effective, general-
purpose engineering plastic, that is easy to source and chemically stable.
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O0Manufacturing Processes

o Components are machined using lathes, CNC mills, shapers, and gear hobbers on
materials like Aluminum 6061-T6 for rigidity and Nylon for anti-backlash gears.
Filter wheels undergo scooping to reduce weight and inertia, with SKF bearings for
smooth rotation driven by stepper motors via 540:1 reduction worm gearboxes. CCD
mounts incorporate anti-flexure units and baffles to block stray light, ensuring
stability under telescope motion.

0Stage Inspections during Machining

e In-process inspections occur at key stages: rough machining checks dimensions via
calipers and granite surface plates; finish machining verifies tolerances (e.g., j6 for
shafts) with micrometers and CMMs; gear hobbing inspects tooth profiles for
repeatability; and pre-assembly quality control uses FEA for stress/strain and visual
checks for surface finish. Final metrology confirms flatness, runout, and alignment,
preventing optical degradation.

OlInstallation and Commissioning

o Installation at the telescope's axial port involves aligning the assembly within a
dummy weight envelope, securing with angle brackets, and integrating LN2-cooled
CCDs, shutters, and motorised wheels. Commissioning tests include homing sensors,
filter positioning accuracy (tens of microns), throughput simulations for S/N (Signal
to Noise) ratios, and on-sky linearity/photon transfer curves. ARIES' 3.6m DOT
Imager exemplifies this, achieving <0.1 arcsec tracking with UBVRI/SDSS filters.

e Mechanical contributions at ARIES Nainital highlight indigenous innovation, from
prototype to operational endorsement, supporting deep photometry of transients and
clusters. Total process upholds TQM for zero-downtime reliability.

°Overall Equipment Effectiveness (OEE)

Overall Equipment Effectiveness (OEE) is a standard metric used in manufacturing to
identify the percentage of planned production time that is truly productive. It acts as a "gold
standard" for measuring manufacturing productivity by breaking down performance into
three distinct categories: Availability, Performance, and Quality.

An OEE score of 100% means you are producing only Good Parts, as fast as possible, with
no Stop Time.

Pradip Chakraborty -




IJRAME

Vol.14 Issue 3,

March 2026
Pg:- 01-23

0The OEE Formula

OEE is calculated by multiplying three factors:

OEE =Availability x Performance x Quality
1. Availability

Availability takes into account Down Time Loss. This includes any events that stop planned
production for an appreciable length of time (e.g., equipment failures, material shortages, or
changeover time).

Availability = Run Time +Planned Production Time

2. Performance

Performance accounts for Speed Loss. This includes factors that cause the process to operate
at less than the maximum possible speed (e.g., machine wear, poor environmental conditions,
or operator inefficiency).

Performance = (Ideal Cycle Time x Total Count) +Run Time

3. Quality

Quality accounts for Quality Loss. This represents the parts manufactured that do not meet
quality standards, including parts that need rework.
Quality =Good Count + Total Count

ONumerical Example
Let's look at a typical 8-hour shift at a manufacturing plant.
0The Data:

Shift Length: 8 hours (480 minutes)

Breaks: Two 15-minute breaks and one 30-minute lunch (60 minutes total)
Down Time: 47 minutes (breakdown + setup)

Ideal Cycle Time: 1.0 second per part

Total Count: 19,271 parts produced

Rejected Parts: 422 parts
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0The Calculations:

\Step 1: Availability
¢ Planned Production Time = 480 min - 60 min = 420 min
e Run Time =420 min - 47 min =373 min
e Auvailability = 373 / 420 = 88.8%

\Step 2: Performance

e Total Count = 19,271 parts
e Ideal Time for Total Count = 19,271 parts x 1 second = 19,271 seconds (321.2 min)
o Performance = 321.2 / 373 =86.1%

\Step 3: Quality

e Good Count = 19,271 - 422 = 18,849 parts
e Quality} = 18,849 /19,271 =97.8 %

0The Final OEE Score:

OEE =0.888 x 0.861 x 0.978 =74.8 %

OlInterpreting the Results
A score of 74.8% might seem low, but it provides a clear roadmap for improvement:

e Availability (88.8%0): You lost roughly 11% of your time to breakdowns or setups.

e Performance (86.1%0): This is the weakest link. The machines are running significantly
slower than their design speed.

e Quality (97.8%): This is quite strong, showing the process is stable and producing very little
waste.

°Role of Production Management

Production management plays a vital role in mechanical engineering by optimising
manufacturing processes for high-precision components like observatory domes, telescopes,
and instruments used in observational science. It ensures efficient resource use, quality
control, and timely delivery in demanding environments such as those at ARIES Nainital.
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0Core Functions

Production management encompasses planning, process optimisation, and quality assurance
tailored to mechanical engineering needs. Planning involves forecasting demand, scheduling,
and allocating resources for fabricating complex parts like telescope mounts and dome
shutters. Optimization reduces waste through techniques like lean manufacturing and additive
methods, crucial for lightweight mirror supports in astronomy.

O0Application to Domes

Observatory domes require precise manufacturing of fiberglass-reinforced plastic (FRP)
structures for rotation, weather resistance, and telescope alignment. Production managers
oversee customization, from 2-25 meter diameters to motorized controls, using CNC
machining for micron-level accuracy in Indian facilities. At ARIES, mechanical workshops
handle design endorsement, fabrication, and erection of enclosures for 3.6m and 4m
telescopes.

0Telescope Production

Telescopes demand stringent production for structures exposing mirrors to airflow while
minimising thermal distortion. Management coordinates lathe, milling, and welding for
precision components, as seen in ARIES's 1.3m telescope roll-off roof and ILMT mirror
tools. Innovations like segmented mirrors halve costs via efficient scaling.

0lInstruments and Challenges

Instruments like spectrographs and CCD imagers involve assembly, inspection, and
commissioning under production oversight. ARIES Mechanical Engineering workshops
produce filter wheels and calibration units with <10-micron CNC precision. Challenges
include tight tolerances and schedules, addressed by design-for-manufacturing and
outsourcing.

°Role of Industrial Engineering

The Aryabhatta Research Institute of Observational Sciences (ARIES) in Nainital(Manora
Peak and Devasthal campuses),are hub for atmospheric and astronomical research. While the
primary focus is on the stars, the backbone of these discoveries is the complex
infrastructure—telescopes, domes, and roll-off roofs.
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The seamless operation of these instruments isn't just a feat of physics; it is a triumph of
Industrial Engineering (IE)too.

00ptimizing Precision Manufacturing

In the manufacturing phase of high-precision instruments like the 3.6m Devasthal Optical
Telescope (DOT), industrial engineering principles are vital for ensuring structural integrity
and precision.

o Materials Management: Telescopes require specialized materials with low thermal
expansion coefficients. IE ensures a streamlined supply chain for these niche materials,
preventing delays in high-stakes construction.

e Quality Control (QC): Using techniques like Six Sigma, engineers minimize deviations in
the manufacturing of the dome's rotating mechanisms and the telescope’s structural supports.
Even a millimetre of misalignment in the track of a dome can lead to mechanical failure or
vibration that ruins long-exposure imaging.

0The Logistics of Extreme Environments

Manufacturing a dome or a roll-off roof for a site like Nainital presents unique logistical
challenges. The terrain is rugged, and the weather is unpredictable.

o Facility Layout Planning: Industrial engineers design the assembly process to be modular.
Because large domes cannot be transported whole up mountain roads, they are manufactured
in sections. IE optimizes the "Design for Assembly"” (DFA) so that on-site integration is fast
and error-free.

e Human Factors and Ergonomics: Since maintenance often happens in cramped, cold, or
low-light conditions, IE focuses on ergonomic design. This ensures that control panels,
manual overrides, and maintenance hatches are accessible to technicians wearing heavy gear.

0Maintenance and Reliability Engineering

At an observatory, downtime is the enemy of science. If a roll-off roof jams during a rare
clear night, valuable data is lost.

e Preventive & Predictive Maintenance: IE utilizes Reliability Centered Maintenance
(RCM). By analyzing the failure modes of the dome’s motors or the roof’s hydraulic
systems, engineers can schedule maintenance before a failure occurs.
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o Total Productive Maintenance (TPM): This involves training the staff at ARIES to perform
routine "autonomous maintenance.” This culture ensures that small issues, like grit in a roof
track or lubrication depletion in a gear, are handled immediately.

0Systems Integration and Thermal Control

A unique role of IE in observatories is Thermal Management. The dome must maintain
"thermal equilibrium™ with the outside air to prevent "dome seeing” (turbulence caused by
heat). Industrial engineers design the airflow systems and insulation layers within the dome
structure to ensure that when the shutters open, there is minimal heat transfer.

Industrial Engineering at ARIES serves as the bridge between theoretical astronomy and
mechanical reality. By applying lean principles, rigorous quality standards, and ergonomic
designs, industrial engineers ensure that the telescopes remain "eyes on the sky" with
maximum uptime and precision. Without this discipline, the massive domes of ARIES,
Nainital would be mere monuments rather than the dynamic, moving machines they are
today.

°Incorporating Japanese techniques

Incorporating Japanese techniques like Kaizen, 5S, and Lean manufacturing significantly
enhances dome and telescope management quality by promoting continuous improvement,
organised workspaces, and waste reduction in precision engineering environments such as
ARIES projects. These methods address key challenges in observatory operations, including
maintenance downtime, alignment precision, and thermal control for the 3.6m DOT, 1.3m
DFOT, and ILMT telescopes.

0Key Japanese Techniques

Kaizen fosters ongoing small-scale improvements across all staff levels, ideal for iterative
refinements in dome slit tracking and ventilation systems to minimise seeing effects. The 5S
methodology (Sort, Set in Order, Shine, Standardize and Sustain) organises tools and
workspaces, reducing search times and defects in mechanical components like CCD
couplings and filter discs. Lean principles, including Just-In-Time, optimise inventory and
processes for high-precision manufacturing, as demonstrated by Japanese firms like
Nishimura in telescope domes.
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O0Application to ARIES Projects

For the 3.6m DOT's 16.5m rotating dome with ventilation fans and slit mechanisms, 5S
ensures rapid access to maintenance tools, while Kaizen supports thermalisation upgrades.
The 1.3m DFOT benefits from Lean in roll-off roof operations, cutting assembly delays
during commissioning. ILMT's rotating liquid mirror and air bearing systems gain reliability
through standardized inspections, preventing interruptions in zenith surveys.

0Benefits for Mechanical Section

These techniques elevate standards by improving equipment effectiveness, safety, and
efficiency in ARIES' Devasthal lab, aligning with the user's production management focus.
Reduced downtime enhances observation uptime, fostering indigenous innovation in
astronomical infrastructure. Overall, it is suggested to build a culture of precision; akin to
NAOQOJ practices.

°Further Scope of Development and Conclusion

The future of telescope development lies in Space-based assembly and Adaptive
structures. As we look toward building 50-meter or 100-meter telescopes, traditional steel
will be replaced by carbon-fibre composites, and static structures will be replaced by "smart"
structures that use Al-driven mechanical actuators to compensate for environmental changes
in real-time.

In conclusion, mechanical engineering is the silent enabler of astronomical discovery. From
the massive gears that rotate a dome to the microscopic actuators that shape a mirror, the
precision of our mechanical systems determines how far we can see into the cosmos. As India
expands its footprint in global "Big Science" projects, the demand for skilled mechanical
engineers in this niche yet vital field will only continue to grow.
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