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Design of a Small-Scale Motor-Generator System
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ABSTRACT

Small-scale motor-generator sets have been used in laboratories for verification of real large wind turbines whose rated power

are more than 1 MW. In this paper, a result of designing a small-scale motor-generator system, which is composed of motor,

gear box, flywheel, and generator, is presented in the aspect of speed response. Design objective is to make a small-scale

motor-generator system have the same time constant and optimal tip speed ratio region as a real MW wind turbine. A

small-scale 3.5 kW motor-generator system for emulating response of a 2 MW wind turbine is considered and designed.
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Fig. 1 Main Components of a MW Wind Turbine System
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Table 1 Physical Parameter Values for the 2 MW Wind Turbine Model

Physical parameter Value
Rotor radius (R) 40 [m]
Mass moment of inertia of rotor (Jr) 6.209¢6 [kgm’]
Mass moment of inertia of generator (Jg) 60 [kem’]
Gear ratio of gearbox (Ng) 83.33

Table 2 Rated Parameter Values for the 2 MW Wind Turbine Model

Rated parameter Value
Rated rotor speed 18 [rpml]
Rated generator speed 1,500 [rpm]
Rated generator torque 134 [kNm]
Rated power 2 [MW]

Table 3 Power Related Parameter Values for the 2 MW Wind
Turbine Model

Power related parameter Value
Maximum power coefficient (Cp ) 0.4662
Optimal tip speed ratio () 8.1
Wind speed range of optimal TSR 53~9.3 [m/s]
Rated wind speed 11.5 [m/s]
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Fig. 4 Step Input of Wind Speed
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Fig. 5 Generator Speed of the 2MW Wind Turbine
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Table 4 Time Constants and Optimal Tip Speed Ratio Regions for
the 3.5kW Motor-Generator System

Rotor Flywheel mass Time Wind speed range
radius | moment of inertia | constant of optimal TSR
R,[m] Tplkgm?] [s] [m/s)
19 1.31 86 49~86
1.9 145 86 50~88
2.0 1.61 86 51~9.0
2.05 1.77 86 53~9.3
21 1.96 86 54~95
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Fig. 7 Generator Speed of the 3.5 KW Motor-Generator System
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