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Abstract
The efficient  functioning of antenna structures is critical  for maintaining seamless astronomical
observations. However, prolonged exposure to the open atmosphere can lead to corrosion of crucial
components, compromising the overall integrity of the system. Among the affected antennas, the
Quadripod structure of the C03 antenna has experienced the most significant corrosion,
necessitating urgent replacement to preserve the operational capabilities of the Giant Metre wave
Radio Telescope (GMRT).

This abstract presents a pioneering approach to address the corrosion issue by safely lowering the
entire antenna dish, including the Quadripod, to ground level around the concrete tower. This
method will enable the replacement of corroded Quadripod legs while avoiding the challenges and
risks associated with working at a height of approximately 25 meters above the ground.

The proposed procedure leverages advanced mechanical and electrical technologies to control the
lowering and raising of the antenna dish. The lowering process ensures careful and precise handling
of the delicate components, preventing any further damage during maintenance. The replacement of
the  Quadripod  legs  will  be  conducted  with  meticulous  attention  to  detail  to  ensure  seamless
integration and alignment with the existing feed system.

Key aspects of the abstract include a thorough evaluation of the corrosion's impact  on antenna
performance and an analysis of the proposed approach's benefits. By addressing the corrosion issue
promptly  and replacing  the  deteriorated  Quadripod legs,  the  GMRT can sustain  its  operational
capabilities, safeguarding uninterrupted data collection and analysis.

The abstract underscores the significance of this novel maintenance approach in mitigating risks
associated with corrosion and improving overall maintenance efficiency. By minimizing downtime
and streamlining the replacement process, this method optimizes antenna structure maintenance
while ensuring the longevity of the GMRT's functionality.

In conclusion, the introduction of a lowered maintenance procedure for the C03 antenna's corroded
Quadripod structure demonstrates the GMRT's commitment to maintaining its operational
excellence.  This innovative approach  provides a blueprint for effectively managing corrosion-
related challenges in other antennas, ultimately enhancing the performance and reliability of the
GMRT's communication infrastructure.
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1. INTRODUCTION
The National Centre for Radio Astrophysics (NCRA) located on the Pune University Campus is the

Radio Astronomy Group of Tata Institute of Fundamental Research (TIFR), established in the early

1960s. It is the premier institute for radio astronomy in India, operating under the Department of

Atomic  Energy (DAE),  Government  of  India,  and is  recognized as  one  of  the  world's  leading

institutions in this field. The NCRA is responsible for the operation of the Giant Metrewave Radio

Telescope (GMRT), which consists of 30 identical steerable 45-meter diameter porous dish

antennas spread over a 25 sq. km area, working in unison with centralized control.

Out of the 30 antennas, 12 are operating in the central cluster, while the remaining 18 antennas are

placed on three Y-shaped arms with six antennas on each arm. The dish backup structure is made

from IS:1161 mild steel  tubes of various  diameters,  supporting a stretched wire mesh made of

stainless-steel wires (0.5 mm diameter) forming the reflector surface of the antenna. The antennas

were fabricated and installed in the year 1996 and have been operating continuously, 24x7, 365

days a year.

Over time, some corrosion has been noticed on the members of the antenna structures, particularly

on the dish structures and the Quadripod legs (four legs supporting the Feed system) of several

antennas  due  to  their  exposure  to  the  open atmosphere.  Among these  antennas,  C03 antenna's

Quadripod structure is the most affected, and it has been decided to replace it with a newly

fabricated one as soon as possible.

Due to the difficulty of replacing the Quadripod at a height of approximately 25 meters above the

ground, the plan is to lower the entire dish (along with the Quadripod) to the ground around the

Concrete tower, replace the Quadripod legs, and then raise the antenna dish back to its original level

of 25 meters above the ground. This procedure will ensure the proper functioning of the antennas

and maintain the GMRT's operational capabilities.

2. OBJECTIVE AND SCOPE OF WORK

2.1. Objective
The  objective  of  this  project  is  to  develop  a  comprehensive  methodology  for  safely  replacing

Quadripod (QPD) and Cage supporting structure (CST) structures within a complex system. The

methodology aims to minimize risks, ensure the continuity of operations, and maintain the overall

integrity of the system throughout the replacement process.
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2.2. Scope of work
I. Design and develop the procedure for the replacement of the QPD and CST structure:

 Preliminary Assessment: Conduct a thorough inspection of the existing QPD and 

CST structures to identify any damages or wear.

 Design of Replacement Structures: Develop detailed engineering drawings and 

specifications for the new QPD and CST structures to be installed.

 Material Procurement: Source and procure the required materials for the construction

of the replacement QPD and CST structures.

 Structural Analysis: Perform a structural analysis to ensure the new structures meet 

safety and load-bearing requirements.

 Procedure Development: Create a step-by-step procedure for the safe removal of the 

old QPD and CST structures and installation of the new ones.

II. Design and analysis of Column structure required for lowering antenna:

 Requirements Gathering: Understand the specific requirements for the column

structure to facilitate the lowering of the antenna.

 Structural Design: Design the column structure considering factors like height, 

weight-bearing capacity, and stability.

 Analysis and Simulation: Conduct a structural analysis and simulation to ensure the 

column's integrity and safety during the lowering process.

III. Fabrication of QPD, CST, and Column structure:

 Fabrication Plan: Develop a fabrication plan outlining the processes, materials, and 

timelines for each component.

 Fabrication: Fabricate the QPD, CST, and column structure based on the approved 

design and engineering specifications.

IV. Lowering of antenna:

 Preparatory Steps: Ensure all safety protocols are in place and secure the area around the

antenna.

 Lowering Procedure: Follow the developed procedure to lower the antenna using the 

designed column structure.
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V. Replacement of QPD and CST structure:

 Dismantling Old Structures: Carefully remove the old QPD and CST structures following 

safety guidelines.

 Installation of New Structures: Install the newly fabricated QPD and CST structures 

securely in their designated positions.

VI. Erection of antenna and its alignment:

 Erection Plan: Develop a plan for erecting the antenna on the newly installed structures.

 Alignment: Precisely align the antenna to the desired position for optimal performance.

VII. Astronomical test:

 Test Execution: Conduct the astronomical test and analyze the data to verify the antenna's 

functionality.
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3. Design and develop the procedure

3.1. Preliminary Assessment
During  the  structural  repair  work  on  the  RIM  Section,  it  was  observed  that  the  QPD
(Quadripod) pipes exhibited heavy pitting. To assess the extent of pitting, visual inspections
were conducted, and a pitting depth gauge was used to measure the severity. Additionally,
the presence of holes in the QPD Bottom pipe was identified, which seemed to be caused by
water stagnation under the aluminium plate used for the mounting arrangement of the 50
MHz feed. This report outlines the findings of the pitting depth inspection conducted on the
two QPD legs,  with a focus on C03 QPD, and proposes a plan for periodic checks and
comparisons to monitor any further deterioration.

Inspection Results:

C03 QPD Inspection (October 2018 and January 2020): The pitting depth inspection of C03
QPD was carried out on October 2018, and the readings obtained were as follows:

Location: Inspection of QPD which are resting on PRF 3, 7, 11, 15 are carried out and report
prepared

Pitting Depth:

o 2.8 mm max depth of pitting thickness observed on QPD resting on PRF 3
o 2.35 mm max depth of pitting thickness observed on QPD resting on PRF 15
o 2.19 mm max depth of pitting thickness observed on QPD resting on PRF 11
o 2.6 mm max depth of pitting thickness observed on QPD resting on PRF 7 

Observations: Heavy pitting observed and three holes are observed on QPD 

structure

Recommendations: Considering the presence of holes and significant pitting in the QPD
pipes, it is essential to take preventive measures to mitigate further deterioration and ensure
the structural integrity of the equipment. The following recommendations are proposed:

Immediate Remediation: Holes on QPD structures are closed by two half sleeve pipes to
avoid further corrosion and entering of water inside the QPD structure

Inspection report is prepared for submission.
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3.2. Design of Replacement Structures
Based on the information provided, it appears that Tata Consultant Engineers (TCE) was
assigned a task to assess and propose a replacement method for the QPD structure. After
completing their  assessment,  TCE suggested two methods,  namely Configuration 01 and
Configuration 02, for evaluation.

Configuration 01 involved designing a new tower and submitting the operation sequence for
review by GMRT.

In Configuration 02, TCE recommended a local repair method to address observed holes in
the structure. However, during inspection, it was discovered that heavy pitting affected the
entire length of the pipe, making the local repair approach insufficient.
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Due to the high costs and time requirements associated with both proposed methods, GMRT
decided to explore an old conventional method that was used during the original
construction of GMRT.

After that we have requested to TCE to design and make drawing of the QPD structure, and
during this process, they must carefully consider the offset values of Leg1 and Leg1x. These
offset values play a crucial role in the assembly of the QPD structure.

Additionally, to address the issue of water stagnation at the RIM joints, we have proposed
new connector boxes. These new connector boxes are designed to prevent water stagnation
problems, ensuring better performance and longevity of the QPD system.

Building on the success of the new connector  box prepared for RIM junction,  we have
requested TCE to design the connector junction. This connector junction should be based on
a similar concept to the new connector boxes, effectively resolving any water stagnation
issues that may have occurred at the junction points of the QPD structure.

By paying attention to the offset values and implementing the new connector junction, we
aim to create a highly efficient and reliable QPD structure that can withstand water-related
challenges, improving its overall performance and usability.
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As per TCE's calculations and the corresponding drawing, the offset between Leg1 and
Leg1x has been determined. On the bottom side, where the QPD is resting on the PRF, the
offset is measured to be 55.29 mm.

On the CST end, the offset is found to be 17.3 mm. This measurement indicates the
difference in position between Leg1 and Leg1x at the CST end.

3.3. Material Procurement
We have started by identifying the key items critical for procurement, as well as those with
significant lead times. These are crucial to ensure smooth and timely project execution. To
track progress and meet target dates effectively,  we have developed a Gantt  chart and a
comprehensive tracking mechanism.

The Gantt chart provides a visual representation of the project schedule, outlining the tasks,
their dependencies, and the timeline for completion. It allows us to monitor the progress of
each task and identify any potential delays early on. By using this tool, we can proactively
address any issues that may arise and take corrective actions to keep the project on track.

The tracking mechanism complements the Gantt chart by providing real-time updates on the
status of procurement  activities.  It  enables  us to  monitor  the actual  progress against  the
planned milestones and target dates. Through this mechanism, we can identify any
deviations
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from the schedule promptly and implement necessary measures to mitigate risks and
maintain the project's progress.

With the Gantt chart and tracking mechanism in place, we are confident that we can
effectively manage the procurement process, ensure timely delivery of critical items, and
ultimately achieve our project's objectives as per the established target dates

CST bearing, IS1161 pipes are some example of critical items which we have tackled with
procurement plan.

3.4. Procedure Development
The Procedure was made as per the erection procedure done during the erection phase and It is

as follows

3.4.1. Erection and alignment of the Erection columns on the RCC foundation block around the

RCC tower  as  per  the  attached  drawing,  by  using  the  required  crane  and  theodolite  for

checking the plumb of the lifting columns. Each of the lifting structural columns is 24 meters

long and is made through 5 segments (3 nos. 6m long and 2 nos. 3m long).

3.4.2. After erection and alignment of four Lifting columns, undertaking fitting of all purlins, cross

bracing pipes to the lifting columns with the help of fasteners, welding, etc. as per the

attached drawing. Installation of 4 nos. Electric winch machines on the RCC Foundation

Blocks around the antenna concrete tower.

3.4.3. Installation of 4 nos. Electric winch machines on the RCC Foundation Blocks around the

antenna concrete tower.

3.4.4. Carrying out weaving of wire rope coming out from the rope drum over the diverter pulleys

through the Lifting columns up to the height of around 24 meters. There are about 6 falls of

wire rope & one winch machine wire rope length will be around 300 meters wound on the

rope drum. All the necessary lifting accessories such as D-shackles, U-clamps, lifting hooks,

slings, etc. will be used to connect the rope to the final lifting point.

First, remove three pipes i.e. Erection cradle bracing from the location of PRF 03. For removal of 
these pipes, remove the present assembled fasteners of M24 size with the help of a nut splitter/ 
cutter/ grinder, etc. as suitable.
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After this remove further three pipes i.e. Erection cradle bracing from the location of PRF 07 by the 
same procedure

3.4.5. Finally remove further three pipes i.e. Erection cradle bracing from the location of PRF 15

3.4.6. Total of about 400 fasteners will be required to be removed to dismantle all the 12 bracing -

pipes. For this work, the hanging platforms are essential at a height of 20 meters.

3.4.7. After removal of the joining fasteners of M24 size between the Cradle and Dish and the

Erection of bracing pipes from 20-meter height, lower the antenna dish with the help of

winch machines & rest/ lock the dish on the four foundation blocks of about 1.2 meters

height above the ground.

3.4.8. Provide a minimum of four supports to the PRF numbers 3,7,11& 15 on which QPDs are

resting to avoid vibrations/ fluctuation near the feed turret

3.4.9. Provide/ fabricate support structure to the feed turret on the cradle base frame.

3.4.10. Remove old QPD Leg1X which is resting on the PRF03.

3.4.11. Remove old QPD Leg1X which is resting on the PRF11.

3.4.12. Remove old QPD Leg1 which is resting on the PRF07.

3.4.13. Remove old QPD Leg1 which is resting on the PRF15.

3.4.14. Remove old CST & feed turret assembly.

3.4.15. Carry out the alignment of the new CST & feed turret assembly with the help of theodolite

to the required focal point by using/ making a proper stool which is to be properly bolted to

the Cradle structure. For achieving this, use the collimation plane marking for getting the

required F/D ratio of about 18570 mm.

3.4.16. Installation of new QPD Leg1 which is resting on the PRF number 07.

3.4.17. Installation of new QPD Leg1 which is resting on the PRF number 15.
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3.4.18. Installation of new QPD Leg1X which is resting on the PRF number 03.

3.4.19. Installation of new QPD Leg1X which is resting on the PRF number 11.

3.4.20. Preparation of all 12 erection bracing pipes (Ø219mm & Ø273mm) with star plate 

connection as per the attached drawing.

3.4.21. Before the erection of the dish put all 8 inner PRFs on the Cradle base frame. The weight of 

one inner PRF is around 100kg.

3.4.22. Conduct the load test.

3.4.23. Complete the 40-ton dish erection work up to the height of 20 meters with the help of winch

machines.

3.4.24. After erection, dish entering, levelling & alignment work with the help of theodolite.

3.4.25. Fixing of all 12 bracing pipes/ dish to cradle joining pipes. It includes star plate welding, and

M24 bolts – about 400 nos. torqueing work up to the value of 106 kg-m with the help of a

torque wrench.

3.4.26. After star plates welding, and bolt torqueing, release the load of winch machines.

3.4.27. Dismantling of Lifting columns set-up including winch machines and making the site clear

for usual antenna rotation.

3.4.28. Inspection  of  the  said  site  work  in  all  respects  for  the  satisfactory  completion  and  its

acceptance to the owner and handing over the subject  antenna to the owner for GMRT

operation.
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4. Design and analysis of structures
For completion of replacement we need to design column, T bracket, Hub resting stool, pulley block.

4.1. Column Design and Analysis
Based on the Finite Element Analysis (FEA) conducted by Tata Consulting Engineers
(TCE) for the column structure at full load condition with 40 Ton load on four columns, the
stress values and maximum deflection have been determined. The objective of this analysis
is to ensure that the column design can handle the challenging and critical task of supporting
the antenna and accounting for fouling members, wire ropes, and their routes during the
lowering of the antenna.

The material considered for the column structure is MS E250, and the design criteria are as
follows:

Yield strength: 230 MPa

Allowable stress: 0.75 of yield strength, i.e., 172 MPa

The maximum vertical deflection allowed at full load condition is 25 mm.

In the FEA, the worst-case scenario was considered, where the load is applied on only three 
columns.

Case 1- Load on Four column 

Case 2 Load on three column

Sr no Load case Max Equiv. stress 
MPa

Allowable stress
MPa

Design margin

1 Case 1 64.6 172.5 2.7

2 Case2 71 172.5 2.4

And Deflection results are as below

Sr no Load case Max Deflection mm Allowable deflection mm

1 Case1 13.5 25

2 Case 2 18.8 25

Based on the FEA analysis and the practical measurements conducted, it can be concluded
that the lifting columns are safe to use. The FEA analysis likely indicated that the stress
values and maximum deflection at full load condition are within acceptable limits, ensuring
the structural integrity of the columns under the specified loading conditions.
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Additionally,  theodolite  measurements  were  performed  to  check  the  alignment  of  the
columns, and the results show that the alignment is within the limits specified by IS12843
tolerance for the erection of steel structures. According to this standard, a tolerance of up to
30 meters has a permissible deflection of ±25mm.

Furthermore, a practical deflection test was conducted with a 1-ton load applied for 24
hours. Presumably, the deflection observed during this test was within acceptable limits,
confirming the stability and performance of the lifting columns under practical conditions.

Combining the FEA analysis, theodolite measurements, and the practical deflection test, it
can  be confidently stated that the lifting columns meet the safety requirements and are
suitable for their intended purpose.
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4.2. Hub Stool resting design
After lowering the antenna, it must rest on some kind of platform. The task of designing the 
load resting stool has been assigned to TCE.

The specifications provided for the load resting stool are as follows: 

Maximum intended weight to be rested on each stool: 40 tons.

Maximum vertical load on each stool: 10 tons. 

Height of the stool: 1200 mm.

Diameter of the stool: φ500 mm.
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Material considered for the stool: E250, with a yield strength of 230 MPa.

To ensure safety, the design must have an allowable strength less than 172.5 MPa, which is
75% of the yield strength of the chosen material.

TCE will need to design the load resting stool to withstand the maximum vertical load of 10
tons while ensuring that the stress in the material does not exceed the allowable strength of
172.5 MPa. This design must also account for any potential factors such as environmental
conditions, dynamic loads, and safety factors to ensure the stability and reliability of the
stool.  Once the design is completed, it can be fabricated and used to safely support the
antenna and its associated load.

Based on the analysis of three iteration cases, a pipe size of 300NB (Nominal Bore) with a 

thickness of 10mm has been selected. In this analysis, the maximum equivalent stress is 

approximately 132.9 MPa, and the deformation is around 0.64 mm.
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4.3. Pulley Block design
Following are the points consider during the design of pulley block

 Design Challenge: The main challenge is to design a pulley block that can handle a load of
10 tons on each pulley.

 Pulley Block Assembly: The task involves finalizing all the components required for the
assembly of the pulley block. This includes selecting appropriate items such as pulleys, wire
ropes, and the shaft diameter.

 Wire Rope Selection: Wire rope diameter needs to be chosen carefully to ensure that it can
lift the maximum load of the dish while keeping it as small as possible.

 Three-Sheave Pulley Design: The design selected for the pulley block involves using a
three- sheave system to handle the maximum load effectively.

 Fabrication and Welding: The pulley block is fabricated using a high-quality welder. A non-
destructive Ultrasonic Testing (UT) is conducted on the welding joints to ensure welding
quality.

 Stress Relieving: Stress relieving is carried out after welding to eliminate stress that occurs
during the welding process, ensuring the pulley block's structural integrity.

 Shaft Material:  The material  for the shaft is selected according to IS 1570 Part 4 and is
designed to handle a load of 10 tons in both shearing and bending conditions.

 Allowable Stress: The allowable shear stress for the selected shaft material is 187.5 MPa,
and the allowable bending stress is 375 MPa.

 Stress Calculations: Shear stress and bending stress are calculated for the given load. The
calculated shear stress is 39 MPa with a 4.8 design margin, and the calculated bending stress
is 128 MPa with a 2.9 design margin.
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4.4. T bracket
The T-bracket is a component that is attached to the pulley block, specifically the hook
pulley  block.  Its  purpose  is  likely  to  serve  as  a  hook  or  attachment  point  for  lifting
operations. It is designed to complement the functionality of the pulley block, allowing for
the efficient and safe lifting of heavy loads.

The fabrication process for the T-bracket involves welding, and after the welding process,
stress relief is carried out. Stress relief is a heat treatment process that helps to reduce
internal  stresses  in  the  material  caused by welding.  This  step  is  essential  to  ensure the
structural integrity and longevity of the T-bracket.

Additionally,  the welding quality  is  checked using Dye penetration  (DP) and Ultrasonic
Testing (UT). UT is a non-destructive testing method that uses high-frequency sound waves
to detect flaws, defects, or inconsistencies in welded joints. By conducting UT, the quality
of the welding can be verified, and any potential issues can be addressed before the T-
bracket is put into service.
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4.5. Foundation Block
Foundation block design is a crucial aspect of construction as it bears the main load from the
columns and transfers it to the ground. To undertake this task, Tata Consultant Engineers
was assigned to design and calculate the grade of cement and steel reinforcement (bars)
required  for  the  foundation  blocks.  The  maximum  vertical  loading  on  each  block  is
considered to be 15KN, while the maximum horizontal pulling force is taken as 100KN on
each block.

For the design process, the safe bearing capacity of the soil was determined to be 25KN/m2
based on the plate load test conducted at the site by M/s Durrocrete Engineers Pvt. Ltd.

Once the design was received from the consultant engineer, the construction order was given
to Precast Pvt. Ltd. to manufacture these foundation blocks. To ensure the quality of the
blocks, two compressive strength tests were performed, one after 7 days and the other after
28 days of curing.

During testing, the compressive strength of the foundation blocks was found to be 54MPa,
which is higher than the acceptable limit of 30MPa for M30 grade concrete. This indicates
that the blocks possess excellent strength and should meet or exceed the required safety
standards for their intended use in the project.

After running the structural analysis we get the following results

Maximum settlement
(mm)

Allowable settlement
(mm)

Max. Soil pressure 
(KN/m2)

Allowable soil pressure 
(KN/m2)

2.82 11.79 58.62 245
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Settlement (mm)

Soil pressure
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5. Fabrication of structure

5.1. QPD & Fixture fabrication
To obtain the precise offset as specified by Tata Consultant Engineers (TCE), they provided
a fixture drawing that guides the fabrication process. This fixture drawing ensures that the
exact offset is achieved at both ends of the QPD.

Upon receiving the fixture drawing, two setups were fabricated to create one set of QPD
fabrication at a time, including leg 1 and leg 1x. Throughout the fabrication process, the
offset was carefully checked using a theodolite. Theodolites are precision instruments used
for measuring angles in both the horizontal and vertical planes, making them suitable for
accurately determining the offset as required by the design.

Reports were prepared to document the measurements and ensure that the fabricated QPDs
meet the specified requirements. These reports likely include details of the measured offsets,
any adjustments made during fabrication, and verification that the final QPDs conform to
TCE's design standards and specifications.  This meticulous approach helps guarantee the
quality and accuracy of the fabricated QPDs for their intended application.

During the fabrication of the QPDs, welding quality  and dimensional  measurements  are
typically recorded as part of the quality assurance and control process. These records are
essential to ensure that the fabricated QPDs meet the required standards and specifications
set by Tata Consultant Engineers (TCE).

o Welding Quality: The welding quality is crucial for the structural integrity and safety
of  the  QPDs.  Welding  parameters,  such  as  welding  technique,  welding  current,
voltage, travel speed, and filler material, are closely monitored during the fabrication
process. Welding inspections and tests, such as visual inspection, dye penetration
tests are conducted to assess the soundness of the welds. Any defects or deviations
found during these inspections are  recorded,  and necessary corrective  actions  are
taken to ensure the welding quality meets the specified standards.

o Dimensional Measurement: Precise dimensional measurements are vital to ensure
that the fabricated QPDs have the correct geometry and dimensions as per the design
requirements. These measurements are recorded to verify that the QPDs meet the
specified tolerances and alignment criteria.
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6. Lowering of Antenna

6.1. Modification of column bracings
During the erection of the column, an issue was identified where certain bracing members
were obstructing the antenna. This concern was promptly addressed, and all designers were
involved in discussions to find a suitable solution. To gain further insights, we thoroughly
examined old GMRT erection photos, which had faced a similar problem.

After  careful  analysis,  we  made  modifications  to  the  fabrication  process,  incorporating
changes based on what was observed in the old GMRT erection photos. These modifications
were  aimed  at  ensuring  that  the  bracing  members  do  not  interfere  with  the  antenna's
functioning and movement.

The following images provide a visual representation of the work carried out, showcasing
the adjustments made during the fabrication process:
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Girder fouling on Pin sector
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Bracing members are fouling @ Yoke body

By addressing the bracing member fouling issue and implementing the necessary changes,
we have taken proactive measures to ensure the smooth and unobstructed functioning of the
antenna  during  its  operation.  These  modifications  enhance  the  overall  efficiency  and
effectiveness of the column's erection, contributing to the successful completion of the
project.

6.2. Preparatory Steps
Before lowering the antenna, it is crucial to follow a set of preparatory steps to ensure safety
and proper execution

 Safety  Assessment:  Conduct  a  thorough  safety  assessment  of  the  entire  lowering
operation.  Identify potential  hazards  and implement  necessary safety measures  to
protect personnel and equipment.

 Equipment Inspection: Inspect all equipment, including winches, Lifting hooks, and
cables, pulleys to ensure they are in good working condition and meet safety
standards.

 Weather Check: Check weather conditions to ensure it is safe to proceed with the
lowering operation. Avoid high winds or adverse weather that could jeopardize the
safety of the process

 Secure the Area: Clear the area around the antenna to prevent any obstructions or
potential hazards during the lowering process.



C03 Antenna lowering and QPD rectification

National centre for radio astrophysics –Giant meter wave radio telescope

Page 23



C03 Antenna lowering and QPD rectification

National centre for radio astrophysics –Giant meter wave radio telescope

Page 24

 Personal Protective Equipment (PPE): Ensure all personnel involved in the
operation wear appropriate PPE, including helmets, safety harnesses, gloves, and
other required safety gear.

 Column alignment: The columns have been carefully aligned using a theodolite, and
upon inspection, it  is confirmed that the erected columns are within the specified
tolerance limits. This alignment and compliance with tolerance standards are
essential  to ensure the stability  and structural integrity  of the columns during the
antenna  lowering  process  we  have  also  taken  stability  certificate  from  certified
structural engineer

A load test has been conducted on the columns to assess their structural strength and
capacity. During the load test, a predetermined amount of weight or load was applied
to the columns, and their response was carefully monitored and analysed. The
purpose  of  this  load  test  is  to  verify  that  the  columns  can  safely  withstand  the
expected  loads  during  the  antenna  lowering  process  without  experiencing  any
significant deformations or failures. By performing this test, we can ensure that the
columns  are  robust  enough  to  support  the  antenna  lowering  operation  with  a
sufficient safety margin.

 Winch  machine  test:  The  winch  machine  synchronization  has  been  meticulously
checked and calibrated to ensure smooth and coordinated operation during the
antenna  lowering  process.  All  winches  involved  in  the  operation  have  been
synchronized  to work in unison, allowing for precise control and preventing any
unbalanced forces that could jeopardize safety.

Additionally,  a  comprehensive load  test  has been conducted  on the wire rope to
evaluate its strength and reliability. During the load test, the wire rope was subjected
to  a  predetermined  load  that  represents  the  expected  forces  during  the  antenna
lowering process.  The wire rope's  performance,  including its  tensile  strength and
elongation under load, was closely monitored and evaluated. This load test ensures
that the wire rope is in optimal condition and capable of safely handling the
anticipated  stresses  during  the  operation.  By  completing  these  tests,  we  can
confidently rely on the winch machine and wire rope to facilitate the smooth and
secure lowering of the antenna.

 Pulley block system: The pulley block alignment has been meticulously verified to
ensure smooth and efficient operation during the antenna lowering process. Proper
alignment is critical to minimize friction and reduce wear on the pulley block,
allowing for smooth movement of the wire rope.

In addition to alignment, the pulley block has undergone a thorough welding process
to ensure its structural integrity and reliability. Skilled welders have used appropriate
welding  techniques  and  high-quality  materials  to  reinforce  the  pulley  block's
components, ensuring it can withstand the anticipated forces and stresses during the
antenna lowering operation.
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The combination of precise alignment and robust welding ensures that the pulley
block will function seamlessly and safely, contributing to the overall success of the
antenna lowering process. These measures provide confidence in the equipment's
performance and contribute to a safer working environment for the team involved in
the operation.

 Wind monitoring: It is an essential part of the preparatory steps before lowering the
antenna.  It  involves continuously monitoring the wind speed and direction in the
vicinity of the antenna and surrounding structures.

To achieve accurate wind monitoring, an anemometer or wind monitoring system is
typically installed at Jog shed which is near to C03 antenna structure. The
anemometer measures wind speed, and in some cases, a wind vane may be used to
determine wind direction.

The data collected from the wind monitoring system provides crucial  information
about the prevailing wind conditions. It helps in assessing the potential risks
associated  with lowering the antenna during windy conditions. High winds can
create additional stresses on the structure and the lowering equipment, potentially
compromising the safety of the operation.

Based on the wind monitoring data, the team involved in the antenna lowering
process can make informed decisions about whether to proceed with the operation,
delay it until safer conditions are present, or implement additional safety measures to
mitigate the effects of the wind.

By considering wind monitoring as part of the preparatory steps, the team can ensure
the  safety  of  personnel,  equipment,  and  the  antenna  structure  during  the  entire
lowering process. This proactive approach helps minimize risks and enhances the
overall efficiency and success of the antenna lowering operation

7. Replacement of QPD & CST

7.1. Dismantling of old structure and installation of new
After the antenna lowering process was completed successfully, we proceeded to create a
fixture and reference table to securely rest the CST structure. This fixture and reference
table will prove to be highly beneficial during the installation of the new CST structure, as it
will ensure precise alignment and positioning.

With the fixture in place, we initiated the gas cutting procedure on the QPD structure at its
base. This procedure was carried out meticulously and in adherence to safety protocols to
remove the QPD structure effectively. After that we have lifted the QPD structure with the
100 Meter crane.

By employing the fixture and reference table, we can maintain the structural integrity of the
CST and facilitate a smooth installation process. Additionally, the careful execution of the
gas cutting procedure on the QPD structure ensures a safe and efficient dismantling process.
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To enhance the strength and stability of the base where the QPDs are resting, a half sleeve
was welded on the PRF. This welding procedure was carried out with precision and attention
to detail to ensure a secure and robust connection.

7.2. Alignment of CST
During the inspection of the old CST structure, we observed a deviation where the CST was
shifted to one side, resulting in misalignment with the centre of the dish structure.
Recognizing  the importance of proper alignment for optimal performance, we promptly
decided to address this issue.

To rectify the misalignment, corrective measures were undertaken to realign the CST with
the centre  of the dish structure.  Skilled technicians  and engineers collaborated to ensure
precise adjustments and positioning.

A  comprehensive  report  detailing  the  observation,  corrective  actions  taken,  and  the
realignment process was meticulously prepared. This report includes detailed
documentation,  photographs,  and  relevant  data to  provide a clear understanding of the
situation and the steps taken to resolve it.

The report was then circulated to all concerned. Disseminating this information ensures that
everyone involved is aware of the corrective actions and the impact on the overall project.

By making these necessary corrections and realigning the CST with the dish centre, we have
taken proactive steps to optimize the antenna system's performance and guarantee the
highest level of functionality and precision. The prompt action and transparent reporting
demonstrate  our  commitment  to  maintaining  the  integrity  and  efficiency  of  the  antenna
infrastructure.
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8. Erection of antenna
After the successful installation of the new QPD and CST structure, we are now prepared to
lift the antenna. Having previously executed the antenna lowering process with success, we
have the confidence  and experience  to proceed with this  task once again.  However,  we
acknowledge that wind conditions are a critical factor that needs to be continuously
monitored to ensure the safety and stability of the lifting operation.

o To verify the alignment of the antenna after its erection, a meticulous alignment
check  was  conducted  using  a  theodolite.  The  alignment  was  assessed  at  four
positions - 0 degrees (PRF1), 90 degrees (PRF13), 180 degrees (PRF09), and 270
degrees (PRF05)
- to ensure that the dish is fitted level and accurately positioned in relation to the
reference points. This alignment verification is essential to ensure precise pointing
and accurate operation of the antenna during its usage. The dish collimation is within
4mm and AZ angle deviation in theodolite is observed in +2 mm

With safety as our utmost priority, we will closely monitor the wind conditions
during the entire lifting process. If wind speeds exceed safe operational limits, we
will delay  the lifting operation until wind conditions are favourable. By closely
adhering to safety protocols and continuously monitoring wind levels, we will ensure
the  secure  and  efficient lifting of the antenna, maintaining the integrity of the
structure and the safety of all personnel involved.

o After measuring the focal length of the antenna before replacement of QPD we
found a deviation of 24 mm on the higher side compared to the theoretical value of
focal length, we took corrective actions during the erection of the QPD and CST
structures to rectify this issue.

During the measurement process, precise instruments, such as theodolites was used
to obtain accurate distance readings.

Our commitment to precision alignment and safety measures ensures that the
antenna is optimally positioned for its intended functions, guaranteeing reliable and
accurate performance in its future operations.

o After completing the alignment of the dish, the next phase involved the fitting of the
inner PRF and the mesh. This step is crucial in ensuring the structural integrity and
precise positioning of the antenna.

The inner PRF fitting process involved carefully securing the PRF components to the
appropriate locations within the antenna system.

Simultaneously,  the mesh fitting process was initiated to install the antenna mesh
surface. The mesh is a critical component of the antenna, as it shapes the parabolic
surface  necessary  for  proper  signal  reflection  and transmission.  The mesh fitting
process requires meticulous attention to detail to ensure a uniform and tensioned
mesh across the entire dish surface.
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Once the mesh fitting was complete, the mesh alignment process followed. This step
involved  verifying  that  the  mesh  was  accurately  positioned  and  maintained  its
intended parabolic shape with the use of theodolite. Precise adjustments were made
to ensure optimal alignment, allowing the dish to perform with maximum efficiency
in signal reception and transmission.

During the entire process of inner PRF fitting and mesh installation, strict quality
control measures were implemented to guarantee the accuracy and integrity of the
antenna structure. The success of these fitting and alignment processes is essential to
achieve  optimal  performance  and  reliability  of  the  antenna  in  its  operational
environment.

o The next step in the erection process is to thoroughly check the servo drive system
after the installation of the new QPD and CST components. This verification
involves multiple assessments to ensure the smooth and efficient operation of the
servo drive system.

Current Level Verification: We will meticulously verify the current level in the servo
drive system to ensure it is within the specified operating range.

Unbalance Condition Check: We will carefully inspect the servo drive system for
any unbalance conditions that may have occurred during installation or adjustments.
Unbalance in the system can lead to irregular forces or vibrations, potentially
affecting the antenna's stability and performance. We successfully tested current and
unbalance condition and found that all parameters are within the range.

9. Astronomical test
After the successful testing of all drives and the completion of the Feeds installation, the
antenna is now ready for astronomical observations. As part of this phase, a critical check
known as the fringe count check is performed using well-known astronomical sources, such
as 3C48, 3C147, and 3C286.

These astronomical sources, 3C48, 3C147, and 3C286, are considered standard calibrators
in radio astronomy due to their well-defined and stable radio emission characteristics. They
serve as reference points for the fringe count check and provide a reliable basis for assessing
the accuracy of the antenna's interferometric observations.
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Band 3 increased by3.14 %
Band 4 increased by4.7% Band 5 increased by 19.5%

10. SUMMARY
Based on the successful implementation of various improvements, including lowering the
antenna, replacing the QPD, CST structure, adjusting the feed on the center axis, and
matching  the focal point near to the theoretical value, it can be concluded that these
enhancements have  significantly  increased  the  overall  performance  and  lifespan  of  the
antenna. The combined efforts have led to improved signal reception and optimized antenna
functionality.
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Photographs
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For more photos click on

Erection     Photos     -     Google     Drive      
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Inspection reports
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For more report click on

C03QPD     -     Google   Drive      


	1. INTRODUCTION
	2. OBJECTIVE AND SCOPE OF WORK
	2.1. Objective
	2.2. Scope of work
	3. Design and develop the procedure
	3.1. Preliminary Assessment
	Inspection Results:

	3.2. Design of Replacement Structures
	3.3. Material Procurement
	3.4. Procedure Development

	4. Design and analysis of structures
	4.1. Column Design and Analysis
	4.2. Hub Stool resting design
	4.3. Pulley Block design
	4.4. T bracket
	4.5. Foundation Block

	5. Fabrication of structure
	5.1. QPD & Fixture fabrication

	6. Lowering of Antenna
	6.1. Modification of column bracings
	6.2. Preparatory Steps

	7. Replacement of QPD & CST
	7.1. Dismantling of old structure and installation of new
	7.2. Alignment of CST

	8. Erection of antenna
	9. Astronomical test

	10. SUMMARY
	Photographs
	Inspection reports


