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Abstract—Robotic simulation is used in modeling a virtual 
prototype. A virtual prototype is modeled to eliminate the status of 
high investment of time and money to create an actual prototype. It is 
a powerful tool which makes the user to easily transform the virtual 
to a real model. The virtual prototype developed by Robot simulation 
Software describes the stacking of stator core laminations at different 
number of parts picking, for example; single part pickup, double part 
pickup and multiple part pickup. At present, the assembly of stator core 
for a turbo generator is done manually by picking and placing the 
stampings in a circular manner forming many layers. This manual 
assembly process not only takes a long time but also causes fatigue on 
workers due to monotonous and repetitive work that reduces the 
productivity. It is proposed to develop and establish a robotic 
technology process that will pick up the laminations from pick-up (de-
stacking) table and assemble it in a circular manner on a circular 
assembly table which thereby increases the annual production of stator 
core and also eliminates fatigue on workers. Based on the parts 
picking, it gives a clear idea about how the cycle time varies from 
single part to multiple part pickup and finally allows the user to 
choose the better one. 
 
Keywords: Robotic simulation, Virtual Prototype, Turbo generator, 
Lamination. 

1. INTRODUCTION 

The turbo generator is invented by Blathy Otto an electrical 
engineer of Hungary which was developed by Michael 
Faraday, a British scientist by using a theory of “Electro 
Magnetic Induction”. Gas turbines drive the smallest class of 
turbo-generators. The motive force for these turbines is the 
burning of gaseous fuels. Because they can be started and 
stopped easily, they are used for a variety of intermittent 
applications including emergency power [1, 2]. Steam turbines 
drive much bigger turbo generators. The steam is generated by 
a variety of methods including burning coal, nuclear power 
and geothermal energy. These types of turbo generators supply 
the bulk of the electrical power. The third class of Turbo-
generators is powered by water turbines. Water turbines are 
very efficient devices for extracting energy for moving water. 
They are used in virtually all hydro-electric power plants 

worldwide. Components of a Turbo-generator include a Rotor 
which consists of rotor shaft, rotor winding and rotor retaining 
rings and a Stator which consists of stator core, stator frame, 
stator winding and end covers [3].  

Now-a-days stacking stator core laminations of a turbo-
generator involve manual process. In order to avoid risks 
involved in manual process, Robotic Technology has 
developed. As this article is centered on developing virtual 
prototype for stacking, it is mainly focused on that. 

2. STATOR 

The generator stator is a tight construction supporting and 
enclosing stator winding, core and hydrogen cooling medium. 
Hydrogen is contained within frame and circulated by fans 
mounted at either end of rotor. The generator is driven by 
direct coupled steam turbine at the speed of 3000 rpm. The 
generator is designed for continuous rated output [1, 2]. 
Temperature detector and other device installed or connected 
within the machine, permit the windings core and hydrogen 
temperature, pressure and purity in machine. Typical stator is 
shown in the Fig. 1. 

 

Fig. 1: Stator [3] 
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2.1 Stator Core 

It consists of thin laminations. Each lamination made of 
number of individual segments. Segments are stamped out 
with accurately finished die from the sheets of cold rolled high 
quality silicon steel. Core is stacked with lamination segments. 
Segments are assembled in an interleaved manner from layer 
to layer for uniform permeability. Stampings are held in a 
position by core bars having dove tailed section. Insulating 
paper pressboards are also put between the layer of stamping 
to provide additional insulation and to localize short circuit. 
[2, 5] Stampings are hydraulically compressed during the 
stacking procedure at different stages. Between two packets 
one layer of ventilating segments is provided. Steel spacers are 
spot welded on stamping. These spacers from ventilating ducts 
where cold hydrogen from gas coolers enter the core radially 
inwards there by taking away the heat generated due to eddy 
current losses. The pressed core is held in pressed condition by 
means of two massive non-magnetic steel castings of press 
ring. The press ring is bolted to the ends of core bars. The 
pressure of the pressure ring is transmitted to stator core 
stamping through press fringes of non-magnetic steel and 
duralumin placed adjacent to press ring. To avoid heating of 
press ring due to end leakage flow, two rings made of copper 
sheet are used on flux shield. The ring screens the flux by 
short-circuiting. To monitor the formation of hot spots 
resistance transducer are placed along the bottom of slots. The 
core loss test is done after completion of core assembly. 

 

Fig. 2: Stator core [3] 

The main features of core are, it provides mechanical support 
and ensures perfect link between core and rotor and thereby 
carries electric and magnetic flux efficiently. This paper 
mainly demonstrates the stacking of laminations in an annular 
manner on a stationary circular table. Stator core is the part 
which is made by assembling laminations. This discusses 
about the existing process in the industry, approach for the 
development of virtual prototype for the stacking of 
laminations. It also gives the detailed description of the 
programming technique used for building a virtual prototype. 
Internal view of the core is shown in the Fig. 2. 

2.2 Lamination sheet 

The lamination sheet is made up of silicon steel, having 
thickness 0.65mm. The silicon steel which is also called as 
electrical steel, silicon electrical steel or lamination steel is a 
specially steel tailored to produce certain magnetic properties, 
such as small hysteresis area and high permeability. The 
material is usually manufactured in the form of cold rolled 
strips less than 2mm thick. These strips are called laminations 
when stacked together to form a stator core. Typical view of 
lamination sheets are shown in the Fig. 3. 

 

Fig. 3: Lamination sheets [3] 

3. EXISTING PROCESS IN THE INDUSTRY 

During normal manual process, lamination sheets are placed in 
a circular manner one by one by an operator. There are many 
disadvantages included in this process, so simulation software 
is used to develop a virtual robot to initially perform the 
operation. The main feature in this is that, the robot can be 
programmed and manipulated according to the process. It can 
also modify after programming if there are any requirements 
needed. 

3.1 Manual assembly 

In manual process, lamination sheets are placed in a circular 
manner one by one by an operator on a stationary circular 
table as shown in the below figure. 

 

Fig. 4: Manual assembly process [4] 
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