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ABSTRACT 

This paper is present against the M.tech project work based on requirements to move and orientating radiator 

cooling panels of transformer between two different machine operations during manufacturing. This project will be 

the part as expansion of client current production line. The proposed solution or called machine is designed in such 

way that, required movement of panels can achieve through this mechanism. This design consist support structure 

made of steel just like a crane upon which driver mechanisms are mounted these mechanism are pre-developmentd 

and available in the market these components are working as multi axis modular system to handle panels during 

operations. These components are work through pneumatic energy and have basic mounting assembly and 

connecting mechanism arrangement. 

In this paper shows that use of CAD model is essential for design, simulate part mechanism and Analysis through 

FEA software. Use of FEA enables us to make changes before real manufacturing of machine and also save time as 

well as cost of manufacturing. Solidwork software is used as FEA tool for this project and the results comes out this 

project is remarkable and appropriate and accepted by client. 

 Keyword: Pneumatic, CAD Model, FEA, Radiator cooling Panel 

I.  INTRODUCTION 

1.1. What is Transformer? 

Transformers are electrical machines that transform alternating current energy from one voltage to another voltage 

without a change in frequency. The first developed transformer was 

designed in the early 1980s. The working principle of transformers 

depends on the Faraday’s law of induction. Voltage is generated by 

moving the magnet near a wire according to Faraday’s law. 

 

This voltage is called electromotive force (emf) and denoted ɛ. 

Electromotive force is directly proportional to the rate of change of 

magnetic flux. Transformers can be grouped into two classes 

according to cooling method; oil immersed transformers and dry type 

transformers. In this study, heat transfer and fluid flow were 

investigated in a radiator of an oil-immersed transformer. 
Figure 1.1 Transformer Main Parts. 
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Air is used for transformer cooling in dry-type transformers. Air is directly forced into core and winding by using fans. 

This type of transformers has the power limits because their losses are higher. Air is used for cooling fluid to dissipate 

heat. Transformers consist of four main parts as core, winding, tank and accessories as shown in Figure 1.1 

 

1.2. Radiator of Transformer 

Oil immersed transformer is always provided with radiator. In case of electrical power transformer, the radiators are 

detachable and transported separately to the site. The upper and lower portions of the radiator unit are connected with 

the transformer tank via valves. These values are provided to prevent draining of oil during detaching a radiator unit 

from the transformer for cleaning and maintenance purposes. 

 

1.2.1 Types of Radiators: 

a) Welded/Flanged Type Radiator 

b) Stainless Steel Radiator 

c) Swan neck/Gooseneck type Radiator 

d) Hot Dip Galvanized Radiator 

 

      1.2.2 Operation and Purpose of Radiator in Transformer 

When transformer is in the loaded condition, the hot oil comes up in the main tank, and enters into the radiator 

tank through upper valve. As the heat transfer surface of the radiator is quite large, the oil gets cooled and 

enters into the transformer tank via lower value of radiator units. The convectional flow of oil in the tank and 

radiator of transformer continues. The cooling effect of radiator can be accelerated by applying force air to the 

radiator outer wall by air fans. 

 

1.2.3 Function of Radiator 

When an electrical transformer is loaded, the current starts flowing through it’s windings. Due to this flowing 

of electric current, heat is produced in the windings, this heat ultimately rises the temperature of transformer 

oil. We know that the rating of any electrical equipment depends upon its allowable temperature rise limit. 

Hence, if the temperature rise of the transformer insulating oil is controlled, the capacity or rating of 

transformer can be extended up to significant range. The radiator of transformer accelerates the cooling rate of 

transformer. Thus, it plays a vital role in increasing loading capacity of an electrical transformer. This is basic 

function of radiator of an electrical power transformer. 

Oil immersed power transformer is generally provided with detachable pressed sheet radiator with isolating 

valves. But in case of small size distributing transformer, the radiators are generally integrated parts of 

transformer body and projected from the main tank. The working principle of radiator is very simple. It just 

increases the surface area for dissipating heat of the oil. In case of electrical power transformer, due to the 

transport limitation, these units are sent separately and assembled at site with transformer main body. At the 

time of dispatching, the flings of radiator are blanketed by gasket and blanketing plates. The radiator valves on 

the main tank are also blanketed by gasket and blanketing plates. 

 

1.3 Cooling Modes 

Cooling modes in oil-immersed transformer will be explained in this 

part. Transformers work in specified temperature mentioned in 

loading guide for oil immersed power transformers part (Part 7) of 

IEC 60076-7 International Standards (2005-12). All losses (iron 

losses and copper losses) are converted to heat energy in the 

transformer. Copper losses are the main source of the heat energy. 

The occurred heat energy increases the temperature of transformer. 

Transformer coolant is used to avoid overheating in transformer. 

Insulation paper is damaged by excess heat which is discarded by 

using transformer oil. Especially, radiators are used to increase the 

heat transfer surface area in power transformers. Fans and pumps are Fig. 1.2: Transformer with Radiators and Fans 
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also used in power transformers as shown in Figure 1.4 that cannot be cooled using only radiators. Fans are used to 

drive the air on the radiator outside surfaces and pumps are used to circulate the oil into transformer tank or radiators. 

 

 

II. PROBLEM STATEMENT 

 

DARSHAL ENGINEERING WORKS requires conceptualizing and designing a machine assembly process capable of 

moving and orientating transformer radiator cooling panels between two machine operations. The proposed machine 

design is intended to expand its current product line by eliminating the manual panel handling process between the roll 

former and the spot welder. The three main panel manufacturing machines currently fabricated by it include roll form 

presses, spot welders and seam welders. Its current equipment design requires manual handling of each radiator panel 

by as many as two operators for transferring the panel from a roll form press, to the subsequent spot and seam welding 

operations. Current radiator panel assembly processes require that, from the roll press, the first of every two panels be 

manually rotated, placed and aligned on the next panel in preparation of the spot welding operation. A hydraulic arm is 

used to secure and push the joined panels at the indexing work station, in preparation for the final seam welding 

process. It requires a machine design capable of eliminating manual handling of the radiator panels, through the use of 

process automation. 

As an essential design project requirement, DARSHAL ENGINEERING WORKS needs and hopes to build up a 

theoretical automated machine framework to be utilized for situating, adjusting and ordering the radiator panels as they 

come out of the roll form press. The machine configuration requires 180° revolution about the horizontal axis on just 

the first of each two panels, the capacity to oblige shifting panel dimensions and to be mechanically reliable. It likewise 

requires a machine design which gives a way to adjust combined panels previously ordering them into a spot welder 

and in arrangement of the ensuing seam welding activity. At long last, it requires a assembly design that can take out 

human panel handling with and enhance get together quality through increased alignment precision. All through the 

design process, it needs the group to think about potential varieties in assembly line infrastructure and building space, 

and to consider the realized different panel sizes and roll from process speed determinations. As it was hard to envision 

the required service hours and environmental conditions of the equipment and machines produced, it requires that any 

design be of high structural integrity.  

 

 

 

 

 

 

 

 

 

 

Fig. 2.1: Individual radiator Panels 

 
Fig. 2.2: Cooling through Radiator 
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III. MTEHEDOLOGY 

 

 

Methodology is the systematic, theoretical analysis of the methods applied to a field of study. It comprises the 

theoretical analysis of the body of methods and principles associated with a branch of knowledge.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. DESIGN OVERVIEW 

 

The automated panel rotation machine incorporates the use of a crane like design to rotate the first of every two panels 

that exits the roll former. This design essentially pulls the panel exiting the roll former from above, grabs the other end 

and lifts it up, rotates and places the panel back onto the bed. The next panel is picked up and placed onto the first panel 

at the end of the table. A variety of motions and components are used to enable the crane to achieve this task. The entire 

automated panel rotation machine can be seen in Fig 4.1 

 
Fig. 4.1: Entire radiator panel rotation machine 

 

Part involve in assembly are as follows: 

 

4.1 Arm Clamp  

The arm clamp is a device used to hold the panels as the linear gantry performs the next operation. Holding the panel is 

required to reduce any movement due to vibration of the system. The arm clamps rotate up and clamp down on the top 

surface of the panel. 

 

Requirement Geathring 

 

Litrature Review 

 

Conceptulization 

CAD Model Design Design FEA Analysis Optimization 

Machine development Time Study 

Fig. 3.1: Transformer with Radiators and Fans 
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4.2 Structural Supports  

The structural frame is the back bone of the entire design. The structure accommodates the attachments for the linear 

gantries and the supports for the bed. The bed is the platform onto which the radiator panels that come out of the roll 

former slide onto. 

 

4.3 Linear Gantry  

The linear gantry is a highly accurate, multi axis, linear motion actuator that is 

used to enable the horizontal (X-axis) and vertical motion (Y-axis) of the crane. 

The linear gantry is pneumatically actuated and consists of a horizontal support 

arm on which two vertical arms are mounted. These vertical and horizontal arms 

are complete with railing systems which allow for the movement of the two 

vertical arms horizontally along the top arm back and forth, as well as for the 

panel grippers to move up and down along to two vertical arms. Figure 5shows 

a linear gantry. 

 

4.4 Top Jaw  

The top jaw is a component that grips the panel around the flange area. It has the circumference of the flange and the 

angle of the flange riser to ensure a good grasp. There is a bottom plate that is a flat plate, which will be used to support 

the bottom side of the panel at the gripper jaw. 

 

4.5 Gripper  

The panel grippers are actuators that are used to move the gripper jaws. The grippers are pneumatically actuated to 

enable their opening and closing motions. The pneumatic motor however, allows only for 180⁰ rotation either 

clockwise or counter-clockwise. This rotation allows for rotation of the panel to either face downwards or upwards. 

 
Fig. 4.3: Close up of gripper and pneumatic drive 

 

4.6  Pneumatic Drive  

A pneumatic drive is used in order to rotate the gripper and gripper jaw assembly. The pneumatic drive allows the 

rotation of the panel while the gripper maintains a grip on the panel. It is a 180
O
 rotating drive that works on a rack and 

pinion system for precision. 

 

V. CAD MODEL 

 

The model that was used was a replica of the 400 mm, 520 mm wide panel. It was analyzed using Finite Element 

Analysis (FEA) because of the complex nature of the geometry. The thin nature of the panel required that a shell mesh 

was performed. Fig. 5.1 shows the representative model of the panel.  

.   

 

Fig. 4.2: Two axis linear gantry 
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Fig. 5.1: 520x4000mm panel CAD model 

 

The design process required the team to propose a method and mechanism for clamping and securing the panels in 

preparation of the panel handling process. Because of the panels’ irregularly shaped central flanged ends, special 

gripper jaws were designed and proposed to mount the FESTO grippers to secure the panel flange ends. 

 

 
Fig. 5.2: Top gripper jaw 

 

To completely conform to the top panel flange section geometry, an angled cut was also required on the interior of the 

upper gripper jaw and is illustrated in Fig. 5.3 

 

 
Fig. 5.3: Angle on underside of top jaw 
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The bottom gripper jaw is shown in Fig.5.4 which holds radiator panels from botto side. 

 

 
Fig.5.4: Bottom plate design 

 

VI. FEA ANALYSIS 

 

An FEA was performed to ensure that the stresses associated with supporting the panel are not too large for the gripper 

jaw components. It was proven that a 450N clamp force on the panel is required. This force will have to be transmitted 

though the top jaw to the point of contact. There will also be vertical force due to the weight of the panel and the 

dynamic loads that is equal to 97.6N. In addition to these forces there will be a 4454N load acting in the axial direction. 

Since these components are relatively small, the weight of the components themselves will be neglected as this force 

will not induce much variation.  

There are two steps to this FEA. First it is required to determine if the bottom jaw can support the clamp force and the 

weight of the panel. For a worst case scenario, both forces are placed at the end of the jaw and the jaw is fixed at the 

other end. These forces and fixtures can be seen in Fig 6.1 

 
Fig 6.1: Fixed end and forces for bottom plate 

 

When the study was run a stress of 93MPa was obtained. The same steel as the panel was used, so this is just slightly 

over a factor of safety of 2.6 . The stress can be seen in 

                 
 

Fig. 6.2: Stress distribution on bottom plate. 
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Fig. 6.3 Displacement for bottom plate 

 

The maximum stress found in the part from the study was 16MPa. The stress found leaves a 15 times factor of safety 

on yielding for this part. The stress distribution can be seen in Fig. 6.4: 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6.5: Displacement distribution for top jaw. 

 

 

As load is applied on Jaws Top section and also on bottom section stress and defelection is under limitation. 

 

 

Fig. 6.4: Stress distribution for top jaw 
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VII. TIME ANALYSIS 

 

A time analysis was conducted to help determine the time required for all steps within the automated panel handling 

operations. It was critical that all panel handling motions be synchronized. It was also important that the gantry arms 

pick up, rotate and move the first of every two panels into the indexing position and return to the roll former in 

sufficient time to pick up the next panel as it came out of the roll form press. 

Because of the varying panel lengths, panel handling time requirements could fluctuate. The process speeds and time 

requirements for the varying panel lengths are detailed in Table 7.1. Although the time analysis directly relates to the 

gantry control systems, which is outside the scope of this project, it was nonetheless necessary that the machine 

component operation times be able to match the minimum panel forming times. This design time requirement was 

important when considering and specifying the machine components. A process time analysis was required in an effort 

to determine correct component specification, such as motors and actuators, and in order to provide smooth and reliable 

operation of the machine. 

Table 7.1: Roll Forming Process Speed and Times 

Roll Forming Process 

Specification Value Metric 

Processing Speed 

1000 mm Panel 25 mm/s 

2000 mm Panel 33.3 mm/s 

3000 mm Panel 30 mm/s 

4000 mm Panel 28.6 mm/s 

Spacing Between Panels 

1000 mm Panel 40 Sec 

2000 mm Panel 60 Sec 

3000 mm Panel 100 Sec 

4000 mm Panel 140 Sec 

 

Table 7.2 and 7.3 detail the automated machine motion sequences, as well as the times required to perform all panel 

handling operations. The times estimated within Table7.2 and 7.3 also allow calculating the total panel handling time. 

Each estimated panel handling time requirement was determined while assuming the machine components performed 

their operations at slower than specified speeds. The Standard LP 50 linear gantry cycle time specifications were 

obtained from the FESTO website the Standard LP 50 linear gantry vertical and horizontal axis stroke times were 

obtained from the EGC- 185-BS-KF and 2x EGC- 185 - TB – KF actuator specifications. 

 

Table 7.2: Time Analysis for a 1000mm Panel 

Steps Description Time (Sec) 

1 Front arm comes down to panel level  1 

2 Front gripper grabs the front of the panel  1 

3 Front arm drags the panel forward until its entire length is on the panel bed  1.5 

4 Rear arm comes down to panel level  1 

5 Rear gripper grabs the rear of the panel  1 

6 Both arms lift the panel  1 

7 Grippers rotate the panel  1.5 

8 Both arms move the panel horizontally towards the spot welder  10 

9 Both arms lower the panel onto the panel bed  1 

10 Panel locator arms swing in from beside the panel bed and hold the panel  2 

11 Grippers release the panel and arms move outwards to clear the panel  2 

12 Arms move up to clearance height  1 

13 Both arms move horizontally back to their start positions  10 

Total 34 
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Table 7.3: Time Analysis for a 2000mm Panel 

Steps Description Time (Sec) 

1 Front arm comes down to panel level  1 

2 Front gripper grabs the front of the panel  1 

3 Front arm drags the panel forward until its entire length is on the panel bed  2.5 

4 Rear arm comes down to panel level  1 

5 Rear gripper grabs the rear of the panel  1 

6 Both arms lift the panel  1 

7 Grippers rotate the panel  1.5 

8 Both arms move the panel horizontally towards the spot welder  9 

9 Both arms lower the panel onto the panel bed  1 

10 Panel locator arms swing in from beside the panel bed and hold the panel  2 

11 Grippers release the panel and arms move outwards to clear the panel  2 

12 Arms move up to clearance height  1 

13 Both arms move horizontally back to their start positions  9 

Total 34 

 

As indicated in Table 7.1, 7.2 and 7.3, the 1000mm and 2000mm net panel handling times of 33 and 34 seconds are less 

than the 40 and 60 second panel forming times displayed in Table 6.1. The time analysis suggests that the gantry arms 

will perform all panel handling operations and return to position in front of the roll former before the next panel exits 

the roll former. The time analysis also confirms that the specified components are capable of operating at speeds 

exceeding panel forming speeds. 

 

VIII. CONCLUSION 

 

Due to the complexity of an integrated system like the one that has been presented, there are a number of considerations 

that must be mentioned. These considerations will be things that need to be analyzed and pursued further to obtain the 

required information. 

The first limitation that caused a number of other considerations to arise was the lack of information on the linear 

gantry. Because the linear gantry needed for the longest panel is a newer model of an existing linear gantry, there was 

little specific information on it. It should perform the function it is intended to, but things such as the baseplate for 

mounting were not detailed. It was uncertain if it is supported at each end by two baseplates or if there are numerous 

baseplates that run the length of the linear gantry, with the latter being assumed in this report. With this assumption it 

allows the design to be more rigorous because it will have more support and the loads on the supports will be lessened. 

Another consideration that was not clear with the linear gantry is how the pneumatic hoses and electrical lines will be 

incorporated into the design. The design presented in this report has been given some clearance on the sides of the 

linear gantry to allow for the cabling to be installed. 

The SolidWorks model was built using some approximations due to the lack of the information above and is therefore 

more of a reference to how the system will work and be put together than a definite representation of the real machine. 

As well, cost analysis performed is an approximation and uses the resources that were available to the team.  

Some development time will be required to ensure the functionality of the design. The FEA models will have to be 

verified with empirical tests of the design 
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