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Enable inverter based DR sources to meet 
demands of sensitive loads

Enable parallel clusters of DR sources to 
operate in a stable manner without 
communication

Project Objective
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Typical susceptibility limits
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Proposed Hardware Platform

                                 Critical power bus

Distributed
Generator 1 Motor w/

starter
Adjustable
speed drive

Other 3 and
4 wire loads

480V/208V
Delta/Wye

Non critical
480 V loads

Capacitor
Bank

Primary Power
Source/Emulator

Generator
controller

     Battery
      Storage

Power-flow Monitoring
Points &  Fault Locations

4160V/480V

Other 4160V
loads

4160 Feeder

Year 1 Primary Power
Source/Emulator

Generator
controller

     Battery
      Storage

Distributed
Generator 3

480V/208V
Delta/Wye

Distributed
Generator 2

     Battery
      Storage

Generator
controller

Primary Power
Source/Emulator

Year 2

Year 3

• Three inverters
• 3 wire and 4 wire
• Islanding and 
reconnection
• Direct & transformer 
coupling
• Complex loads
• Power source 
emulation
• Energy storage 
emulation
• Decentralized control
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Control Objectives
1. Real Power-Frequency Droop Characteristics
2. Reactive Power-Voltage Droop Characteristics
3. Address short term power quality issues 
4. Ride through nominal amount of voltage sags and 

frequency deviations in a benign manner
5. Island and feed local critical loads upon large 

deviation
6. Reconnect upon system recovery seamlessly
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1. Development of Power Source Emulator  (PSE)
2. Study of Energy Storage Requirements (ESR) 
3. Demonstration of Operation of Single Inverter (DSI)
4. Development of Inverter with Distributed Generation 

Control Interface (DGC)
5. Computer Simulation Support (CSS)

Year 1 Tasks
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Hardware Approach

Inverter
3 phase

ac
output

dc
link

Programmable
current source storage
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1. PSE
• Programmable 
voltage and current 
capability
• Allow source and 
battery modeling
• Incorporate effects of 
battery management 
functions

• Plan B – commercial 
converter
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1. PSE
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1. PSE
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1. PSE
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2. ESR
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2. ESR
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2. ESR
Start

Determine Vbat ,
FVpC  and Nc

Determine kVAfl,
pf and η of the

inverter

Do
you want

battery sizing to
include UPS

capability

Yes No

Compute Ah, dC and
ApC of the battery

Select a battery from the
data-sheets of capacity Ah
at a low-rate discharge dC
or that can provide ApC
for a duration of Tr,max  or

more

End

Check whether the same
battery also meets the

high-rate discharge criteria

  =1 and Tr,max  is the
duration of UPS feature

   = 0.5 or 0.2, and
Tr,max  is the response

time of the micro-source

Compute Ah, dC and
ApC of the battery

Select a battery from the
data-sheets of capacity

Ah at a high-rate
discharge dC or that can

provide ApC  for a
duration of Tr,max  or

more.  The battery must
be capable of sourcing a

peak current of one
order magnitude higher

than ApC

κ κ
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2. ESR
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2. ESR
• Fit of sample data of time of 
response of turbine 
• Actual turbine output 
response time versus step 
magnitude
• Ramp response 



26 July  2001

WEMPEC

GV 17NREL Review, Project AAD-30605-14

3. DSI
Vdc
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Parameter Value
Vdc 750 V
Po 15 kW

VAB (nominal) 480 V

Vab (nominal) 208 V

Lf 0.97 mH
Cf 180 µF
Lt 2.1 mH

3. DSI
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3. DSI
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3. DSI
Load % Regulation

Type p.f. Phase ‘a’ Phase ‘b’ Phase ‘c’

Balanced

Unbalanced

1.0

.45(lag)

.89(lead)

1.0

.45 (lag)

.89 (lead)

1.5

1.9

-0.5

0.89

1.7

-0.92

1.5

1.9

-0.5

1.4

1.0

0.57

1.5

1.9

-0.5

0.13

0.47

-0.43
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3. DSI

Load
VA

VB

VC

480 V, 3 phase, 60 Hz
Supply

VN
480 V, 3 phase, 60 Hz

Autotransformer AB Drive Output LC FilterDiode Bridge

Lf

Cf'
Va Ea

EbVb

Vc Ec

Cdc
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3. DSI



26 July  2001

WEMPEC

GV 23NREL Review, Project AAD-30605-14

3. DSI
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3. DSI

Non critical
480 V loads

4160V/480V

Other 4160V
loads

4160 Feeder

Motors

ASDs Reactive 
loads

Resistive 
loads
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3. DSI

• Cable tray system for interconnections installed
• Physical plant wiring modifications completed
• Being extended to add additional loads
• Load center with measurement interface being incorporated
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4. DGC
• CTs, PTs analog interface completed
• Software platform completed
• DSP control output interface being 
developed 
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5. CSS

• Several computer simulation models in 
process
• EMTP
• Saber
• Matlab-Simulink
• Matlab
• Mathcad
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5. CSS
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5. CSS
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5. CSS
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Year 1 Tasks
ID

1

2

3

4

5

7

8

9

10

11

12

13

14

15

16

Task Name

Development of power source emulator

Study of energy storage requirements
Demonstration of single inverter feeding
complex loads

Development of DG inverter control

Computer simulation for Tasks 1-5

Development of second PSE and Inverter
Demonstration of two islanding and
reconnection

Demonstration of power quality solutons

Computer simulation for Tasks 6-9

Expansion fo lab scale microgrid

Development of third PSE and Inverter

Demonstration of decentralized control

Demonstration of power quality solutions

Demonstration of operation under faults

Computer simulation for Tasks 11-15

Start Date

12/15/00

12/16/00

12/20/00

12/20/00

12/17/00

End Date

12/3/01

3/30/01

12/5/01

7/11/01

12/10/01

252d

75d

251d

146d

256d

6 Expansion of lab scale microgrid

Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2

2000 2001 2002
Duration
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Evolution of Platform (Year 1)

Motor w/
starter

Adjustable
speed drive

Other 3 and
4 wire loads

480V/208V
Delta/Wye

Non critical
480 V loads

Capacitor
Bank

4160V/480V

Other 4160V
loads

4160 Feeder

Primary Power
Source/Emulator

Generator
controller

     Battery
      Storage

Distributed
Generator 3

480V/208V
Delta/Wye

• Single 
inverter
• Complex set 
of loads
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Evolution of Platform (Year 2)

Motor w/
starter

Adjustable
speed drive

Other 3 and
4 wire loads

480V/208V
Delta/Wye

Non critical
480 V loads

Capacitor
Bank

4160V/480V

Other 4160V
loads

4160 Feeder

Primary Power
Source/Emulator

Generator
controller

     Battery
      Storage

Distributed
Generator 3

480V/208V
Delta/Wye

Distributed
Generator 2

     Battery
      Storage

Generator
controller

Primary Power
Source/Emulator

• Two inverters

• Islanding and 
reconnection

• Correcting power 
quality events 
(balanced)
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Evolution of Platform (Year 3)

                                 Critical power bus

Distributed
Generator 1 Motor w/

starter
Adjustable
speed drive

Other 3 and
4 wire loads

480V/208V
Delta/Wye

Non critical
480 V loads

Capacitor
Bank

Primary Power
Source/Emulator

Generator
controller

     Battery
      Storage

Power-flow Monitoring
Points &  Fault Locations

4160V/480V

Other 4160V
loads

4160 Feeder

Year 1 Primary Power
Source/Emulator

Generator
controller

     Battery
      Storage

Distributed
Generator 3

480V/208V
Delta/Wye

Distributed
Generator 2

     Battery
      Storage

Generator
controller

Primary Power
Source/Emulator

Year 2

Year 3

• Three inverters

• Decentralized control

• Single phase power 
quality events

• Fault management


