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Abstract 
The role and benefits of servicing thermal power plants are fully embraced by the global key players OEMs (Original 
Equipment Manufacturers) each of them showing state of the art turbine technology, this encourage power plant owners 
and consultants, all looking for the goal of having a profitable and on-time finished maintenance projects (Repair & 
refurbishment). Besides the manufacturing of major and critical rotating parts using installed numeric control 
machining tools in workshops, the same quality of machining in the field is often required, where the market has to 
reflect the after-sales-service awareness, and set incentives for the use of improved on the job-site machining 
technologies, not only offered by the global key players but also offered by third parties, becoming part of the supply 
change. 
 
This presentation focus on the role of external service provider with best machining on the job site for any size of power 
plant using robust, versatile and mobile machining tools all developed and manufactured in-house and proven to be cost 
effective on multiple job- sites around the globe. The origin of the applied field machining tools came from the business 
of rehabilitation of aging thermal power plants and by having developed further special features, a unique, flexible and 
precise field machining tool, the servicing of large hydro power plants became obvious and implemented successfully 
over the past years. 
 
We will show some projects mainly done in Europe, where the details of machining accurately with the best possible 
tolerances and commitments for on time deliveries are recognized in the industry. Equally important is the capability to 
offer the services on a global scale, thanks to a strategic location in Europe and the Americas, all outfitted with the 
expertise in field machining for almost all type of power generation plants (Thermal, Coal, Hydro & Nuclear). 
 
Third party service provider companies are generally much smaller, their competitiveness is safeguarded by the fact that 
their role will not & cannot jeopardize the commitments of the global key players (OEMs & ISPs) towards their end-
users, the contrary though, it will strengthen the overall project time-wise and cost wise, thus beneficial for all parties 
involved in the powers service industry. The paper will show specific features of the machining tool applications for 
thermal and hydro power plants. These features were developed by the company and already validated in the field. 
Additional validations on various customer’s power plant sites were conducted followed by successful implementation 
on the fleet of field machining.  
 
With significant demand growth in the world’s power business, either for new or older thermal & hydro power plants 
(refurbishment & maintenance), the race for third party service provider has begun. Global players in the manufacturing 
of major thermal & hydro power plants including public and private utilities (IPPs) will look at ways to enhance 
services for on the job-site machining and its tendering and contracting procedures.  
 
Some global key players (OEMs) are still capable to build turnkey combined cycle power plants, which is a great 
advantage to many public and private utilities including financial institutions. A single point of responsibility for all 
contract requirements is a guarantee for on-time delivery. However, after sales services from OEMs and ISPs 
(Independent Service Providers) are going through many challenges nowadays, where competition is not even across 
the regions. Together with reliable partners in the sub-contracting services, companies can achieve the most cost-
efficient solutions for the scheduled and unplanned maintenance, using state of the art special field machining tools.     
 
 



 
 
 
 
1. Introduction  
On site machining in the after sales market was always a concern for the End users & OEMs, especially for the larger 
components, such as turbine & generator rotors, casings and valves segments, all critical parts in conventional and 
combined cycle power plants. In the past those items had to be repaired in workshops from the original equipment 
manufacturers resulting in poor availability of power plants and consequently the political constrain for public utilities 
of having revenues cuts due to extended periods of “Black-Outs”. Also, operation and maintenance then were focus on 
individual components and not so much on integrated systems, causing increase in wear & tear and even severe 
damages. 
 
Over the years, and to satisfy the power producers need, the manufacturers started to invest in developing larger mobile 
machine tools for on-site machining for their own fleet, replacing the repair activities from workshop to job site. 
Nowadays this type of repair activity is well developed in the market, mainly because of extensive experience made in 
aging thermal power generation, having all type & size of steam and gas turbine units. The majority of repairs today are 
preferred to be done on the job site unless special requirements, such as high-speed balancing of rotors are required. 
 
More and more enquiries for this service activity “on-site machining” are being requested due to an increase in 
unforeseen maintenance work caused by changes in our environment, where most power generation equipment and 
their integrated systems depends on operation mode and good quality of air, water and fuel, all externalities having an 
impact on operation and maintenance of power plants. These incremental costs were not foreseen by many public 
utilities in the western hemisphere of the Americas and probably also in the rest of the world, and therefore not always 
able to pay the manufacturers for services on units already operating 15 to 20 years and more. Many of the public 
utilities in developing countries are also responsible for thermal power thus being able to balance between hydro and 
thermal and due to lack of capital, alternative solutions through after sales service providers are becoming in demand. 
This applies also for tendering & contracting procedures.   
 
Only few smaller companies went through this cycle of development, supporting the local power industry with offering 
“On-Site Machining” for basically all thermal facilities in countries and with the years this development went through 
improvement of their own mobile machineries capable to do on-site machining also for major components at large 
hydro power plants. With this in-depth servicing experience plus the expertise in developing better machineries, the 
company decided ten years ago to focus on Europe first, specifically in the field of on-site machinery for hydro power 
plants, not only for rehabilitation projects but also for new projects. This paper will show few samples successfully 
done in Europe with detail explanations on the use of mobile and versatile machinery all developed in house, satisfying 
fully the manufacturers, contractors and plant owners. Equally the tendering & contracting of those service activities 
e.g. strength & benefits will be highlighted briefly, giving the overview of innovations in the after-sales service market.  
 
 
1.1 Validation of Machining Devices for Hydro & Thermal Applications 
This paragraph will address the simplicity of on-site machining by using the company’s own technology and well 
engineered machining tools, developed and manufactured specifically for servicing the hydro and thermal power 
industry with its broad variety of technologies. The developed experience obtained with on-site machining of (i) 
Embedded parts Kaplan Turbines, (ii) Embedded parts Frances Turbines, (iii) Embedded parts Bulb Turbines, (iv) 
Wearing rings area on Francis Runner, (v) Guide vanes housing, (vi) Mechanical components of electrical generator, 
including rehabilitation of spherical valves, butterfly valve journals etc.                        
 
To achieve accuracy and high precision work, a machining rotating column was developed and consists of a rotating 
shaft stabilized in a rigid frame span, adaptable to any size of diameter, and supported within the power house structure. 
Also, special devices “Clamps” mounted on the shaft are giving more rigidity and can be adjusted for more stability and 
less vibration during rotating/machining. The principal of this design is to have parallelism and concentricity as it 
would have with the turbine shaft itself. Only then will this give us the exact measurements for the final machining of 
the critical parts at local power plant ambient temperatures as required by the customer. 
 

 
 
 



 
 

Below some pictures of the machining rotating columns for the various machining activities 
 

     
                              < A >                                    < B >                                   < C >                         < D > 
 

Fig 1- On-site machining of embedded parts – Kaplan Turbines 
 
< A > Machining contact flanges with head cover / < B > Machining stay ring flanges / 
< C > Machining contact flanges with bottom ring / < D > Machining spherical runner chamber  

 
 
The machining rotating columns basically consist of: 
 

1. The rotor with its stiffening clamps 
2. Upper and lower bearings  
3. Upper bearings having thrust and radial 
4. Lower bearings only radial 
5. Machining arm and its rotating headstock 
6. Upper and lower supporting beams 

 
Basically, all the components of a machining rotating column are modular and adjustable as per machining 
requirements. The power-drive consist of two servo motors and gear boxes with a capacity of 21.5 kW each, where its 
applications depends on the type of machining work.  The upper central body with its radial and thrust bearing is in fact 
carrying the entire weight of the rotating parts. The picture below shows the total weight of the complete machining 
rotating columns of 68.7 tons for machining of embedded flange with a diameter of maximum 16 meters. As for the 
lower bearing its function is only the alignment with the upper bearing in-order to have a rigidity of the shaft, 
preventing any vibration and displacement during machining by tightening the bolts at the bottom part of supporting 
rotor. The 5.7 tons structural arm module carrying the counterweight arm, adjustable ram, skid boxes and machining 
headstock is reinforced by supplementary 1.7 tons stiffening arm.      
 
Fig. 2 below shows the assembly of the complete column and again all items are of the type modularized each adaptable 
for different machining requirements without the need of additional items or modules to be manufactured. Most of all 
items are in stock and available for immediate assembly. Its design is focused on simplicity, not only for the assembly 
of parts but also for all different type of machining, smaller, medium and large items which happen to be for 
components such as butterfly valves, gate doors and many other critical components at the hydro facility.  
 
The service concept is having all the machining tools loaded into a container, shipped it to the facility, and do on-site 
machining. Almost all the pre-engineering work is done during the preparation of the proposals, the know-how is 
shared openly with the potential customer where additional design issues are discussed by means of exchanging 
drawings, ideas and solutions. This being the basis of confident for all parties involved, often directed through different 
channels in the organizations of the end users, manufacturers and consultants. Transparencies and clear understandings 
are a must for this type of on-site machining services often crossing borders and dealing with different cultures.             
 
 
 
 



 

 
 

Fig.2- Machining Rotating Column Set 
 
Besides the machining rotating columns, the company also designed and manufactured other special portable machine-
tools such as the vertical lathes, support and tip bed lathes, bed lathes with orbital headstocks, horizontal and vertical 
milling machines, boring bar machines with intermediate column, free neck boring machines and coordinate tables with 
copier. Having all these machine tools in their portfolio the following on site machining can be performed: 
 
Contact flanges with head covers and bottom rings Spherical runner chamber on Kapplan turbines  
Head Covers and Bottom rings Guide vanes housings 
Guide vanes Stay vane 
Runners Drive shafts and couplings 
Radial and axial thrust bearings  Seals area 
Labyrinth seals boxes Radial and wearing rings 
Butterfly and spherical valves Gates and cofferdams 
 
 
 
 
 



Other important portable machining tools are:  
 
The Mobile Vertical Lathe 2200 – 2500 
The Portable vertical lathe is a machine that is capable of in-situ machining of large components. 
• Flexible and versatile. This machine is adjusted according to the required settings for each project. 
• Since the movement is performed on linear guides with cylindrical bearings. The progress of the tool is adjusted with 

coarse head. You can obtain a maximum tolerance of 0.01mm and a surface roughness of N6 (0.8 µm). 
• The power of the winch is carried out by two electric motors 15kW with two reducers Bonfiglioli through target, and 

with that you will control the speed of the lathe depending on the type of processing. In case of trimming the electric 
motor can be changed by one hydraulic. The advance can be manual or automatic. 

• Can be transported in two containers "open top" of 20 feet. 

 
Fig.3- Mobile Vertical Lathe 

 
Turning diameter 1’000 to 6000 mm (Targeted expandable to 10’000 mm. “Design”) 
Turning speed 0 up to 30 rpm 
Maximum height 2,5 meters 
Maximum weight 100 tons (Targeted expandable to 350 tons “Design”) 
Motor capacity 40 kW 

 
Versatility of modules. 
Here the machining of a hydro-generator winding slots using stiffening arms for a project. The rotor length is almost 9. 
Meters long. The vertical positioning stiffening arms are basically the same one as used for the machining rotating 
columns mentioned above, thus showing the versatility of all the modules/tools      

 

 
 

Fig.4-Schematic Assembly of a milling machining   
 

With this validation the company considers that the option of tendering & contracting the services for machining of 
critical components at hydro facilities and rehabilitating equipment on site is technically viable and economically 
profitable.  
 
 



 
1.2 Implementation of On-Site Machining for large hydro power plants 
This paragraph will summarize the projects done for the hydro power plant, mainly in Europe. It all begun in 2010, 
when the company was given the opportunity to introduce their machining rotating column for the on-site machining 
work at a hydro facility in Spain owned by Gas Natural. Before obtaining the contract, many technical discussions took 
place between the experts in field-machining, as there were no references made with this type of on-site machining, and 
being the company registered in Spain the bridge to the end-user Gas Natural was just a matter of time.            

 
 Spain: 
The given contract was for on-site machining at three different hydro power plants: CASTRELLO, FRIEIRA and 
VELLE, a total of six turbines “Kaplan”, two for each site. Completed scope: machining of embedded flange, head 
cover support flanges, stay ring, bottom ring and runner chamber with a total diameter of less than 11 meters.   
 
Project Highlights: 
The on-site machining with the rotating columns was done simultaneously at two different sites, respectively 
CASTRELLO and FRIEIRA, witness by many experts not only from the end user Gas Natural but also from 
representatives of the original equipment manufacturer (OEM) of the turbines. The work was completed within thirty 
days for each group of turbines in the years: 2010, 2011, 2012 and 2013. With satisfactorily completion of this project 
the benchmark was made, and many other end users including OEMs were convinced of the practicality of using the 
machining rotating columns for on-site machining of large embedded parts and other critical parts at hydro power 
plants.    

        
 

Fig.5 –On-Site Machining at hydro power plants in Spain    
 
 France: 

The next successful project was for a hydro power plant in France “SISTERON” following the steps of the end-
user in Spain, where the original equipment manufacturer of the turbine was finally convinced about the technical 
solution for their on-site machining basically using the same machineries. On-site machining at the SISTERON 
hydro power plant, total two turbines “Francis”. Completed scope: machining of embedded flange, head cover 
support flanges, bottom ring with a total diameter of 6.800 meters. Including machining of the generator casing’s 
pedestals work completed in twenty days in the years 2011 respectively 2012.     

 

        
 

Fig.6 –On-Site Machining at hydro power plants in France    
 
 
 



 
 
 
 Switzerland: 
With an excellent track record in Spain and France for on-site machining for large units the next challenge was a project 
for Alstom (Now GE) at the LINTHAL hydro power plant in Switzerland, consist of four turbines made Francis. The 
scope was divided into two parts, (i) machining of all the four gates, and (ii) machining of the embedded parts of all 
four turbines. The below summary is related to the completion of the first turbine unit. 
(i) Gates; machining of the cover gates were done horizontally and for the sliding rolling gates vertically. For this task 
two separate milling machining tools were brought in, one for horizontal and one for vertical. The complete machining 
(removal of 5 mm) with the horizontal tool was done in fifteen days including the installation, machining and 
dismantling of the unit. The work was done by two persons working nine hours per day and forty-five hours per week. 
More difficult was the vertical machining where the objective was to remove 3 mm on each strip, but finally in some 
spots 8 mm were removed, and due to the hardness of the material, the duration was longer as expected. In order not to 
exceed the time an extra shift was introduced, thus having 4 persons with a total duration of thirty days. 
(ii) Turbines; machining of the stay ring flanges and the draft tube including each strip. There were no difficulties in 
machining these parts, the machine tool performs well and there were no complications with the finishing works. The 
total duration was twenty days with two persons. 
 
Characteristics of the work: the most notable aspect of this project, for a new build hydro power plant, is the 
complication of the work, as it is in a cave at nearly 2000 meters of height inside the mountain, consequently a 
challenge not only on the logistics but also the crane. In our case we had to mobilize 3 machines (horizontal milling 
machine, vertical milling machine and rotary column). In total we had eleven people at work, two in the horizontal 
milling machine, four in the vertical milling machine, two in rotary column and one supervisor. Upon request from our 
client we also had two interpreters speaking German and Spanish mainly for safety reasons. The client recognized the 
difficulty of the on-site machining work especially for the gates and granted us additional time as well as logistical 
support. All together the work was completed satisfactorily for unit one and with the compliments from our client we 
started to work on unit number two. (All works were completed satisfactorily February 2015) 
 
 
1.3 Implementation of On-Site Machining for thermal power plants. 
Servicing cost effectively the power industry, thermal is more complicated than the hydro. These power plants, either 
be a combined cycle with gas and steam turbine generators, or coal and geothermal and eventually the larger steam 
turbine generator units in nuclear power plants. The focus is mainly on all rotating parts and depending on the size and 
weight of the components (Rotors), the machining works can be done by common machining tools, often being adapted 
with a minimum of efforts using all kind of auxiliary (supporting) devices.  
 
Historically the OEMs are the ones who could make the judgement about on the job-site machining, using their in-
house available portable tools and their know-how about the level of quality/accuracy required for the machining job. 
But over the years these tasks were taken over by non-OEM companies, we call them the ISP (Independent Service 
Provider), as they could offer the services at a much lower cost. Many public utilities however were not ready for this 
change and stayed loyal to the services offered by the OEMs. 
 
The power generation industry profile also changed, new players came on board, so called independent power 
producers (IPPs) all running different type of power plants, hence within the same project boundaries different turbine-
generator manufacturers were used and where the power train scope mostly selected by EPC Contractors, thus not 
anymore OEMs. This means that the after sales services for the end-user is a challenge and can only be addressed by 
reliable service providers like the OEMs and eventually their partners (sub-contractors) who could offer complementary 
services for repair and refurbishment work at the job-site. 
 
Below summary of available machinery tools for field machining works is the result of years of experience, where tools 
were initially adapted to a restricted scope of work and today completely adapted to the full spectrum of machining of 
multiple components using the same base frame of equipment. (See below portable turning lathe for machining rotating 
parts “Technical features and applications’’). The company’s basic philosophy is manufacturing machinery tools that 
are adaptable to the task where in one case the rotating part (shaft) is the machining tool itself (e.g. for hydro), and in 
another case (e.g. for thermal), the rotating part is to be machined by a versatile and robust machining tool equipment 
with great accuracy as required by the OEM’s specifications.           
 
 
 
 



Portable main machine-tools developed by IMHP for on-site machining and repair services of mechanical 
components of steam and gas turbines, generators and auxiliaries, required for rehabilitation of power plants.  

 
 
 
 
 
 
 
 
 
    
 
 
 
 
 
 
 

Fig.7- Portable Turning Lathe for Machining Rotating Parts 
 

TECHNICAL FEATURES                                                         
(Portable Turning Lathe for Machining Rotating Parts) 

APPLICATIONS 
(Portable Turning Lathe for Machining Rotating Parts) 

Expandable lengths with 4m long individual modules Turbine and generator rotors (Shafts grinding) 
Total, weight support up to 120T Machining of coupling faces, flange casings & shoulders 
Special adaptation for weight supports up to 250T Root machining, Re-blading, Seals replacement 
Height adaptation through adjustable rollers supports Inspections and Low speed balancing (LSB) 

 
Our goal is to work closely with our customers being the original equipment manufacturer(s), the ultimate power 
plant owners including their in-house service providers, the engineering-procurement-construction contractors and 
others, all active in the world-wide power generation plant services business. 

 
SUPPLIER’S STRENTGH CLIENT’S BENEFITS 

In-house engineering for tools adaptation, using 
companies own-designed & manufactured portable 
machining-tools (Ready for shipment to job-site) 

Smooth dialog with the clients (OEMs) and quick 
implementation of requirements (specifications) following 
easy steps of tendering and contracting 

Skilled manpower formed by specialized technicians 
for the execution of machining activities in situ with 
project manager on the job site 

Better communication with client’s technicians, 
overcoming misunderstandings by using common 
documentation and making flexible scheduling upon needs    

Compatibility of available machining-tools with 
adaptable accessories for multiple tasks at job site, all 
pre-engineered for potential new and old tasks  

Single sourcing of services, complementary to client’s 
own scope of work and responsibilities, making the project 
cost effective for repair and refurbishment work at job-site 

 
 

2. The battle ground for Independent Service Providers. 
Changing the battle ground for availability improvements of power plants is the reason for having independent 
service providers involved together with original equipment manufacturers, contractors, consultants and ultimately 
end users; the public and private utilities.  
 
The sales concept” well (gas/water)-to-wire” was always a successful business in the power industry and 
implemented over the past twenty years by some European Original Equipment Manufacturers. Following the 
principal of “Win-Win”, third-party service provider agreement was structured, based on an indebt knowledge of 
power plants e.g. not only the equipment/parts & machinery but also the service provider’s location in countries.  
 
Unfortunately, there is not enough recognition from OEMs for third party service providers, as often they are 
competing against in-house capabilities and at higher costs. Significant price differences are the result, thus 
challenging the viability of ISP, often being smaller companies. Also, rapid changes in technology mainly in 
controlling and monitoring (automation) devices for on-site machining becomes an eye catcher for some 
manufacturers looking for better quality of work and accuracies.   
 



However, we as a service provider company for on the job-site machining, especially in the hydro business are not 
competing against any OEM or Contractor (The Client), the contrary they are part of the client’s team following strict 
technical guidelines imposed by the client. Finally, the responsibility for on-site machining in rehabilitation or new 
build projects can only be done by qualified bidders, embracing in debt knowledge of hydro & thermal power plant 
projects. In our case we consider all the OEMs and their Customer’s (PU & IPP) as our clients and acting as a 
complementary sub-contractor, we are proud to bring in all type of our in-house made machinery with its special 
tooling features and its supporting devices for a complete on the job-site machining work, thus basically all major 
components existing in any type of power plant (Thermal, Hydro, Coal and Nuclear).      
 
All in all, service provider companies will continue serving the power generation industry particularly for the hydro 
power sector where the percentage of levelized cost of energy for operation and maintenance is slightly below a 
nuclear power plant but significantly (one third) higher than a thermal power plant, in a country where twenty percent 
of the installed capacity is hydro and fifty percent thermal (Ref. 1&2). And finally for clients active in various 
locations and flexible with their contracting procedures, basically we can offer two possible scenarios: (i) a contract 
for a complete on the job site machining service with a lump-sum price, where the company provides the necessary 
portable machine-tools, adapted to the required scope of work including a technical specialist personnel, or (ii) a 
contract for the sales of portable machine-tools including technical advisory services and training during the 
execution of the work by the client personnel. Both can be obtained directly or through tendering & contracting 
procedures with the end user.    
 
 
3. Conclusions. 
Summarizing the advantages if machining is done at job-site for disassembled components: 
 
• Better warranty of measurements and tolerances, due to machining is done at the same ambient temperature 

existing in the power house, with direct supervision from customers, checking all the step-by-step processes. 
• Improve the planning and scheduling of the entire project and specifically in machining activities of 

disassembled parts, components and equipment. 
• Eliminating scheduling risk (down time) of special transports and insurances, complex customs (in and out) 

procedures when major components have to get out of country for repairs in foreign workshops. 
 
With this presentation of products (On-site machining) and services (Tendring & Contracting) we described the 
innovations in the after-sales service market by third party service providers, both having in debt experience over 
many years in the power generation sector. We believe that with this paper and highlights from our power point 
presentations, our customers will have a better overview of our competence in cost effective servicing, repair and 
refurbishment for improved maintenance, which is often hidden behind greater names in the power industry 
_____________________________________________________________________________________________ 
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