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Abstract - Optimal costing of turbine generator is very 
important in deciding the overall costing of power plant. Effect 
of various parameters on the generator cost is studied in the 
paper, mainly effect of these parameters on inertia effect of 
turbine are covered. Though this is generally applicable to all 
power plant turbine, however in the current work major 
emphases is given to hydro power plant turbine. Starting from 
selection of site, design-simulation to selection of various 
components has a direct or indirect impact on the generator 
cost which are elaborated in current study. 
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1.INTRODUCTION  

Turbine inertia which means the mass and rotational speed 
of the turbine impacts the generator cost mainly because 
high inertia means more torque variation during speed 
changes. Generators must be stronger and larger to handle 
the mechanical stresses. Larger generator leads to higher 
material cost, bigger bearings, stronger shafts etc. Further 
the kind of turbine such (wind, hydro, steam) Power range 
(kW, MW) and direct drive or gearbox decides the Inertia 
Effect of turbine to reduce generator cost. In the present 
work we are concerned with hydro turbine direct drive and 
factors affecting the generator cost. Therefore, let us 
elaborate the role of hydro turbine and direct drive on the 
Inertia Effect of turbine rotor to reduce generator cost. 
Inertia is a major factor, especially at low speeds (big 
runners means big inertia which requires big generator), 
specifically for hydro turbine direct drive. Site layout and 
type of turbine can lead to increase in turbine speed in hydro 
power plant without needing a gearbox [1] [2]. If you are 
upgrading an old site, even adding 20–30% more rpm can 
cut generator cost by 20–30% hence big savings can be 
achieved often faster payback than civil upgrades. Table 
showing Turbine Type with respect to Typical Speed Range 
is shown below: 

 

 

 

 

 

 

Turbine Type Typical Speed (rpm) 

Kaplan (propeller) 60–150 

Francis 150–600 

Pelton (single jet) 200–600 

Pelton (multi-jet) 300–1000 

Crossflow (Banki) 100–300 

 
Table 1: Turbine Type with respect to Typical Speed 

Range  

2. FACTORS AFFECTING INERTIA EFFECT OF 
TURBINE TO REDUCE GENERATOR COST 

Appropriate selection of different power plant parameters 
can lead to increase in hydro turbine speed and reduce 
turbine inertia effects which will decrease generator cost 
and reducing overall cost are enumerated through following 
strategies: 

1. Turbine Selection  
2. Turbine Speed 
3. Speed Operation 
4. Control Systems 
5. Flow Path and Head 
6. Split Flow Configurations 
7. Electrical and Generator Match 
8. Site Conditions 
9. Structural Limits 
10. Cavitation 
11. Economic Analysis 
12. Prototype and Simulation 
 

All the above deciding factors are elaborated below: 

2.1 Turbine Selection  

Overall turbine design leads to major contribution of its 
weight. Hence modification in its design part can lower the 
rotor weight. This can be achieved by considering its 
material choice and geometrical optimization. Material 
choice should be switched to lighter weight and stronger 
materials (composites, advanced alloys). Geometry 
optimization to reduce unnecessary mass helps in reducing 
generator weight because mass at large radii greatly 
increases inertia. Hollow designs Instead of a solid shaft or 
blades, use hollow structures where possible. Optimize 
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Turbine Runner Design such as Lighter runner, Blade design 
and Reduce diameter. Using lighter alloys (aluminum-bronze 
instead of pure steel if strength allows). Slim blades, hollow 
structures, optimized for strength-to-weight. If possible, 
slightly higher speed runners (smaller diameter) have much 
less inertia scales with radius squared [1] [2]. 

Use Faster-Type Turbines such as Francis turbine and 
Diagonal flow turbines. Francis turbines generally run faster 
than Kaplan or Pelton at the same head and flow. 
(e.g., typical Francis: 150–600 rpm, vs Kaplan: 60–150 rpm). 
Similarly Diagonal flow turbines (like Deriaz turbine) can 
combine flow flexibility with higher speeds. If turbine type 
selection is appropriately done it can often jump from 60 
rpm to 120–150 rpm just by using a Francis instead of a 
Kaplan, if site allows. A smaller runner diameter allows 
higher rotational speed. If runner size and tweak blade 
profiles are slightly reduced, it can increase rpm by 20–50% 
while keeping efficiency reasonable [3]. 

Check Current turbine type whether it is a Kaplan, Francis, 
Pelton, or other turbine.  Whether switching to a faster 
runner still meet efficiency requirements or not. Blade 
profile is also checked, whether prevailing condition allow 
blades to be modified for slightly higher speeds or not. 

2.2 Turbine Speed 

If turbine is designed to run faster, the generator can be 
smaller for the same power output.  Higher speed lowers 
torque at same power since Power is product of Torque and 
Angular Speed. Increase Rotational Speed with Higher RPM 
lowers torque at same power and hence smaller generator 
can be employed. For example, instead of running turbine at 
100 rpm, design it to run at 150–200 rpm if the site head and 
flow allows. May be a small boost in head like civil 
modifications could allow this. Gearbox can help but adds 
complexity and increase cost sometimes direct drive at 
higher turbine speed is better [3]. 

2.3 Speed Operation 

Allowing the turbine and generator to operate at variable 
speeds especially in wind or hydro turbine lets to avoid big 
mechanical shocks. It also allows the generator design to be 
lighter because it doesn't have to handle big fixed-speed 
torque spikes.  

2.4 Control Systems  

Use active control to smooth out mechanical loads (pitch 
control in wind turbines, flow control in hydro turbines). 
Reduces peak torques on the generator. Hydraulic flow 
control such as guide vanes, wicket gates can smooth the 
flow and reduce torque fluctuations. Less sudden torque can 
be achieved by lighter generator design. Using Semi-Flexible 
Coupling Not rigidly hard-coupling between turbine and 
generator with torsional flexible coupling can absorb shocks 

and smooth out peak loads. Design the generator to have a 
slightly higher internal rotor inertia to "buffer" torque 
fluctuations from the turbine. Use permanent magnet 
generators (PMG), they can be lighter than wound-field 
machines. Design generator with higher pole count to keep it 
compact even at low speed [4]. 

Above factors can be analyzed by considering case study of 
Kaplan turbine running at 60 rpm with direct drive 
connection. Traditional generator would be very large to 
handle the slow speed and high torque. Hence, we can 
redesign the runner to operate at 90 rpm (even 50% more 
speed), so that generator size could dropped by 
approximately 33% easily. Also, using PMG instead of a 
wound rotor could shave 10–20% weight. In this way 
turbine rpm could vary the generator size and its cost. 

A brief of above parameters is given below considering a 
case of direct drive hydro turbine. The best cost reductions 
usually come from making the turbine lighter and faster and 
using generator designs better suited for low speed. A typical 
Quick comparison plot of generator size vs. turbine speed. 

 

Figure 1: Comparison plot of generator size vs. turbine 
speed. 

According to the above shown plot when the turbine speed 
increases, the relative generator size drops sharply. At 60 
rpm (red dashed line), we take generator size as 1.0 (100% 
baseline). At 120 rpm, the generator can be about half the 
size. At 180–200 rpm, the generator can be around one-third 
the original size. This shows why increasing turbine speed, 
even a little, has a huge impact on generator cost and weight. 
If turbine speed is doubled from 60 rpm to 120 rpm, halve 
the generator size and cost is halved. Even a modest increase 
(say from 60 rpm to 90 rpm) cuts cost by about one-third. 
Following table (rpm vs. generator cost estimate) is 
enumerated below. Numerical values of above parameters 
are given below in tabular form. 
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Turbine Speed 
(rpm) 

Relative Generator 
Size 

Estimated 
Generator Cost 
(units) 

30 2.00 200.0 

60 1.00 100.0 

90 0.67 66.7 

120 0.50 50.0 

150 0.40 40.0 

180 0.33 33.3 

210 0.29 28.6 

240 0.25 25.0 

270 0.22 22.2 

300 0.20 20.0 

 
Table 2: Turbine speed, rpm vs. generator cost estimate. 

2.5 Flow Path and Head 

Increase net head by civil modifications raises the intake 
elevation a bit. Lowering the tailrace which is water exit 
level also aids in this. Even a small increase in head may be 
10 to 20% allows higher optimal turbine speeds. Some 
projects dig a "draft tube depression" lowering the exit 
water to get more head for free. 

2.6 Split Flow Configurations 

In Pelton or Turgo turbines, it can split flow into multiple 
smaller jets, each driving a smaller runner at higher speed. If 
using Kaplan type propeller turbines having a variable-pitch 
blade system allows operation at higher speeds under 
variable flows without losing efficiency. 

2.7 Electrical and Generator Match 

If using a partial converter like a Doubly Fed Induction 
Generator (DFIG) allows small variable speed operation 
without full conversion. Then turbine can be designed for a 
slightly faster nominal speed and let small variations without 
mechanical stress [5].  

Generator RPM match with high pole count generator is 
easily designed for the new speed. Grid connection impacts 
speed variation synchronization especially important for 
direct grid-tied setups [5]. Thus, if hydro site allows it, even 
switching from a Kaplan runner to a smaller Francis turbine 
could double your rpm and halve generator cost without 
adding a gearbox. A step-by-step checklist for evaluating 
speed increase at specific site is as enumerated to safely 
evaluate increase in turbine speed at site. 

2.8 Site Conditions 

Evaluation of site condition is necessary in order to put high 
rotation turbine. Some of the site condition such as Net head 
(gross head minus losses) if it is high enough to allow a 
faster turbine without cavitation risks, Flow rate Is it 
relatively stable or highly variable, Water quality: (sediment 
load, debris), fast runners are more sensitive to erosion [3]. 

2.9 Structural Limits 

Runner stress is analysed using Finite Element Analysis 
(FEA). Faster spinning means higher centrifugal forces. 
Analysing the runner blades and hub handle to bear the 
extra forces. Shaft strength is checked by FEA which shows 
will the shaft survive higher torsional loads [3]. 

2.10 Cavitation Risk 

To prevent cavitation, the Net Positive Suction Head (NPSH) 
must be higher than required. Higher speed leads to lower 
pressure at blade surfaces. To Perform cavitation check 
Thoma's cavitation number (sigma) is used to ensure 
submergence is enough. Small increase in tailrace pressure 
can avoid cavitation if needed. Modification in Draft tube Can 
improve the flow and pressure recovery of flowing water 
current. Similarly, feasibility in tailrace modifications 
deepens the outlet to increase net head. Head allows faster 
turbine associated with cavitation risk and if Cavitation risk 
is high then alternate methods are analyzed like Increase 
submergence, stay at lower rpm, proceed to redesign runner 
and generator [6]. 

2.11 Economic Analysis 

Financial constraints decide the Cost to modify turbine 
runner redesign, shaft, etc. also Cost to redesign generator 
because smaller size means lower material cost. Return On 
Investment Is the payback time reasonable often less than 3 
years for big reductions [7]. 

2.12 Prototype and Simulation 

Finally, before actual turbine assembly set up at the site, 
simulation of prototype is performed. Using computational 
models, then small prototype is built and test rig is made to 
validate the new speed range safely before starting to build 
actual turbine assembly [3]. 

3. Conclusion 

Generator and turbine cost are two components which 
contribute major portion of overall power plant costing. 
Therefore, in order to optimize overall power plant costing it 
is desirable to verify all necessary parameters which help in 
decreasing the costing. These parameters have been 
discussed in the paper. Further decreasing turbine inertia 
will help in reducing generator cost. Other measures which 
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help in decreasing generator cost is increasing turbine 
rotational speed, suitable turbine selection, adjust flow path, 
verify cavitation risk and finally verifying the prototype 
simulation. 
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