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Abstract:-This research introduces an energy storage system to deliver grid frequency response the coupling of a doubly fed induction generator 

and a squirrel cage induction machine as a motor/generator set to deliver an immediate inertial response to the change of frequency, as well as an 

inverter and super-capacitors to deliver short term energy response. This paper outlines the simulation and design of this system. A control 

system is designed to monitor the grid frequency and activate an inverter to either charge or discharge a bank of capacitors depending on the 

measured conditions. For example, when the frequency is measured less than 50 Hz, the system injects power into the grid to arrest the 

frequency deviation; more than 50 Hz the energy storage system absorbs power.  This system offers rotating inertia and short-term energy 

storage to stabilize the grid frequency. 

__________________________________________________*****_________________________________________________  

I. INTRODUCTION 

The rotation of all generation units within a power grid 

interconnection is synchronized. Each interconnection can 

be thought of as being supplied by one massive generator 

whose speed sets the frequency, and whose equivalent 

inertia serves to stabilize fluctuations in the load. The 

frequency and the speed of generators is set by matching the 

supply of power with the demand. Ex: When customer 

demand (and losses) exceeds the power supplied by the 

generators, then the power signal will drop below the target 

frequency. Vice-versa , if generation exceeds load, then the 

frequency will rise. Primary control [1] is used to 

manipulate the value of the frequency. It consists of two 

groups of methods. A certain portion of the load is motors 

that spin slower when the frequency declines, and therefore 

consume less power. They also spin faster when the 

frequency rises there by consuming more electricity. 

Some generators on the grid are controlled by governors that 

will automatically change the power output depending on 

the grid frequency. 

When renewable generation (or load) fluctuates the grid’s 

primary control system will be actuated in order to pick up 

any difference between the new levels of generation and the 

load. That error could fall to a slack bus resource such as a 

diesel generator. The system proposed in this research can 

move into or out of its storage system quickly in order to 

keep the grid frequency stable frequency excursions. This 

can reduce not only the amount of stop/start cycles on the 

prime mover but also the amount of valuable dispatch-able 

energy used - thereby leading to increased quality and 

reliability. 

II. LITERATURE  REVIEW 

In this paper, work towards transient energy extraction 

from high frequency alternators to drive electromagnetic 

launchers through intelligent triggering of thyristors / 

Silicon Controlled Rectifiers (SCRs). The work was done 

using a 3-phase, 75 kVA level motor-generator set with a 

DC machine acting as the load. This system serves as a 

scale model to develop control techniques for full scale, 

multi MJ (Mega joule) applications. With the use of a 

micro-controller and advanced sensors the system is able to 

maintain synchronization of the SCR converter with the 

generator voltage despite dynamically changing frequency 

and voltage distortion. 

In this paper, Due to its many advantages such as the 

improved power quality, high energy efficiency and 

controllability, etc. the variable speed wind turbine using a 

doubly fed induction generator (DFIG) is becoming a 

popular concept and thus the modeling of the DFIG based 

wind turbine becomes an interesting research topic. 

Fundamental frequency models have been presented but 

these models are often complex with significant numerical 

overhead as the power converter block consisting of power 

control, rotor side and grid side converter control and DC 

link are often simulated in detail. This paper develops a 

simple DFIG wind turbine model in which the power 

converter is simulated as a controlled voltage source, 

regulating the rotor current to meet the command of real 

and reactive power production. This model has the form of 

traditional generator model has the form of traditional 

generator model and hence it ts easy to integrate into the 

power system simulation tool such as PSS/E. As an 
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example, the interaction between the ArklowBank wind 

Farm and the Irish National Grid was simulated using the 

proposed model. Considering the simplification adopted for 

the model development, the limitation and applicability of 

the model were also discussed in this paper 

  In This paper, a novel model for frequency control of a 

micro-grid containing controllable load and renewable 

resources. The controllable loads used in this paper are such 

as Heating, Ventilation, and Air Conditioning (HVAC) that 

change temperature based by frequency change. The feature 

of the micro-grid is being hybrid (AC/DC) and the ability to 

connect and energy exchange with utility grid. The design of 

PID controller parameters are considered as an optimization 

problem according to the time domain-based objective 

function solved by the Particle Swarm Optimization (PSO) 

algorithm that has a strong ability to find the most optimistic 

results. The effectiveness and robustness of the proposed 

controller is demonstrated through nonlinear time-domain 

simulation. Finally for the simulation and analysis, the 

output results have been presented and studied. 

In this  paper to study the above paper, survey is made that, 

Frequency response as used in this paper is defined as an 

automatic and sustained change in the power consumption 

or output of a device that occurs within 5-30 seconds of and 

is in a direction to oppose a change in the Interconnection 

frequency. Frequency response as so defined is declining 

within the Eastern and Western Interconnections. 

III.   PROPOSED METHODOLOGY 
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Figure. The system delivers frequency response with energy 

storage from both super capacitors and real inertia. The 

micro grid (upper right) is emulated with a high-power 

motor drive, thus providing precision control over the micro 

grid frequency. 

 

PARAMETER:  

           SCIM Motor Specification 

Symbol Description Value 

P Motor 20 HP 

V Voltage 400 Volt 

npole Pole 4 

Irated Rated Current 37.5 A 

Nr Rated speed 1460 RPM 

F Frequency 50 Hz 

Rs Stator resistance 0.02013 pu 

Ls Stator Inductance 0.02919 pu 

Rr Rotor resistance 0.02067 pu 

Lr Rotor Inductance 0.02919 pu 

 

DFIG Specification 

Symbol Description Value 

P power 50 kW 

npole Number of pole 6 

F  Frequency 50 Hz 

V  voltage 400 V 

Rs Stator resistance 0.00706 Pu 

Ls Stator inductance 0.171 Pu 

Rr Rotor resistant 0.005 Pu 

Lr Rotor inductance 0.156 Pu 

Lm  Mutual inductance 2.9 Pu 

 

The motor/generator set used in the Wallace Energy 

Systems and Renewable Facility (WESRF) at Oregon State 

University is shown in Fig. 1.The following component 

comprises the frequency stabilization system: 

1.  A 4-pole, 220 kW squirrel-cage induction machine 

(SCIM). 

2. A 6-pole, 80 kW doubly-fed induction generator (DFIG) 

shaft coupled with the SCIM. The DFIG rotor is DC 

excited, and is therefore operationally equivalent to a 

wound rotor synchronous machine. 

3. A transformer to step the voltage down from 480 V to 208 

V, which is the voltage rating of the inverter. 

4. A 36 kW grid-tied inverter (GTI) that implements and 

AC/DC inverter, a DC-link, and a DC/DC converter. 

5. A 0.98 kW-hr (3.6 MJ) super capacitor energy storage 

bank. 
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IV. CONCLUSION 

A control system is created to measure the grid frequency 

and then activate the inverter to either charge or discharge 

the super capacitor bank. When the frequency rises above 

the target value (e.g. 60 Hz) the system takes power from 

the micro grid to charge the super capacitors. The design 

goal is to achieve frequency response. When the frequency 

starts to rise the control system activates the inverter, which 

is tied to the cap bank, to control current in order operate the 

system as a load. Power now flows from the micro grid 

through the system to charge the super-capacitor bank. A 

current (the green signal) flows with a unity power factor, 

1800 out of phase with the phase A voltage, during a charge 

situation. (The current is complete in phase during a 

discharge.) When the frequency drops below 60 Hz power is 

drawn from the super capacitor bank, bucked, inverted, and 

used to drive the DFIG super-synchronously to put power 

into the micro grid. 
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