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Abstract 
 

This report describes a Cooperative Research and Development Agreement 
(CRADA) between Salt River Project Agricultural Improvement and Power District 
(SRP) and Sandia National Laboratories to jointly develop advanced methods of 
controlling distributed energy resources (DERs) that may be located within SRP 
distribution systems.  The controls must provide a standardized interface to allow 
plug-and-play capability and should allow utilities to take advantage of advanced 
capabilities of DERs to provide a value beyond offsetting load power.  To do this, 
Sandia and SRP field-tested the IEC 61850-7-420 DER object model (OM) in a grid 
environment, with the goal of validating whether the model is robust enough to be 
used in common utility applications.  The diesel generator OM tested was 
successfully used to accomplish basic genset control and monitoring.  However, as 
presently constituted it does not enable plug-and-play functionality.  Suggestions are 
made of aspects of the standard that need further development and testing.  These 
problems are far from insurmountable and do not imply anything fundamentally 
unsound or unworkable in the standard. 
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1.  INTRODUCTION 
 
The purpose of this Cooperative Research and Development Agreement (CRADA) was for Salt 
River Project Agricultural Improvement and Power District (SRP) and Sandia National 
Laboratories (Sandia) to jointly develop advanced methods of controlling distributed energy 
resources (DERs) that may be located within SRP distribution systems.  The two key 
requirements for these controls are that they (1) provide a standardized control interface so that 
equipment from a variety of manufacturers can be interconnected and controlled in a “plug-and-
play” manner; and (2) allow utilities such as SRP to take advantage of advanced capabilities of 
DERs to provide a value beyond offsetting load power. 
 
To achieve this purpose, Sandia and SRP field-tested a specific DER object model (OM) in a 
grid environment, with a goal of producing a model that is robust enough to be used in common 
utility applications.  DER OMs are common software representations that allow similar types of 
generators to be addressed and controlled more readily.  This could significantly improve the 
operation and efficiency of DERs that are operating in either a stand-alone or grid-tied mode.  It 
could also permit utilities to take advantage of advanced capabilities of DER in distribution 
systems operations. 
 
The OM tested was developed by the IntelliGrid Consortium (IntelliGrid) [1].  This initiative is 
managed by the Electric Power Research Institute (EPRI), a nonprofit scientific research 
organization [2]. 
 
IntelliGrid began the development of DER OMs with the goal of having them adopted as 
standards, and therefore worked closely with the International Electrotechnical Commission 
(IEC).  The IEC, specifically Technical Committee 57, Working Group 17, “Communications for 
Distributed Energy Resources,” is the international standards organization overseeing the 
development of the OMs [3].  The DER OMs were written as extensions of IEC 61850, an 
accepted standard that developed object models for substation equipment.  IEC plans to use this 
common platform for advanced communication and control among all elements of power 
systems.  During the course of this CRADA, IEC actually assumed ownership of this OM 
development project from IntelliGrid. 
 
The OM tested in this project was that of a diesel generator and is presently titled IEC 61850-7-
420.  IntelliGrid and IEC developed models for a diesel generator and a fuel cell in their first 
round of activities, based largely on the participation of equipment vendors Cummins and Plug 
Power.  IEC plans to continue this activity by developing OMs for combined heat and power 
(CHP) systems, photovoltaic (PV) systems, microturbines, and other DER.  Wind generators are 
addressed in a separate IEC activity, but IEC plans to harmonize their control with that of other 
types of DER. 
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2.  TECHNICAL BACKGROUND 
 
 
At the time that this CRADA was initiated, EPRI CEIDS (later renamed “IntelliGrid”) was 
planning laboratory developmental tests of DER OMs.  The stated purpose of the tests was to 
determine whether the draft DER OMs were correct and complete by testing them under the 
most stringent conditions of future power system operations when DER devices are expected to 
have significant penetration in the distribution networks.  These future conditions were captured 
in the functionality that was defined and documented by CEIDS (IntelliGrid) as “Advanced 
Distribution Automation (ADA).”  Cleveland et al. performed the primary work to define the 
DER [4].  Markushevich et al. defined ADA and the testing required to validate the OM [5]. 
 
Figure 1 illustrates the plan suggested by Markushevich et al. in block diagram form [5].  This 
plan involved simulation of the utility power system as directed by the extensive set of ADA 
applications.  On the order of 4,000 different test points were suggested.  Because the resources 
that were available for this CRADA were not sufficient to perform this test, a meaningful subset 
was required. 
 
Figure 2 is a block diagram showing the simplified test configuration that was implemented at 
Sandia’s Distributed Energy Technologies Laboratory (DETL). 
 

 
Figure 1.  Block diagram of suggested laboratory test setup [1]. 
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Figure 2.  Block diagram of DETL test setup. 
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3.  TEST PLAN 
 
 
The test plan that was developed contained three basic sets of activities: 
 

1. Determining the capability of the particular engine-generator under test. 
 

Grid voltage was selected as being a parameter with first-order impact that can vary in 
the field.  Therefore, a transformer was installed having taps capable of providing the 
generator with +10%, nominal, or -10% values of ac voltage.  Figure 3 is a hypothetical 
set of capability curves that might be expected from a generator feeding real and reactive 
power into a grid at three different grid voltages.  Such “capability curves” were 
envisioned as information that would be critical to advanced distribution automation. 

 
The values of real and reactive power described by the test matrix of Table 1 were 
requested from the Caterpillar genset assuming the nameplate rating of 93 kVA.  The 
genset was operated in grid-tied mode, and commands were sent using the front panel of 
the Woodward controller.  To observe the effect of ambient air temperature, data were 
taken during early morning and again during mid-afternoon.  (The altitude and low 
humidity of Albuquerque create differences on the order of 25 degrees F).  Multiple 
points were taken at each test condition. 

 
2. Evaluating how effectively the available set of OM parameters can be “mapped” into the 

native control protocol of the particular engine-generator controller under test. 
 

The key activity required to implement IEC 61850 communications and controls into a 
system not originally designed with it is mapping.  In the present case, the MODBUS 
protocol used by the Woodward controller for remote communication had to be 
“mapped” into the IEC 61850-7-420 diesel generator object model.  This mapping 
activity was performed by Enernex under the direction of Eric Gunther, as indicated in 
the diagram of Figure 4. 

 
This activity provides information as to the completeness of the draft OM.  It identifies: 

 
a) OM attributes that the standard classifies as “mandatory” that are not present in 
the native controller. 
b) Native controller parameters that are not represented in the OM. 
c) Ambiguities in OM attribute definitions. 

 
3. Comparing traditional measurements to OM measurements taken under various system 

conditions. 
 

The OM communication system must accurately command a variety of possible 
operating points encountered during normal operation.  Because the ability to source or 
sink reactive power is a distinguishing capability of synchronous generators, different 
power factors were included in the matrix of test points.  Because ambient temperature is 
another parameter that affects the capability of combustion-based generators, testing was 
planned for “hot” and “cold” ambient temperatures.  The planned test matrix is shown in 
Table 1. 
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Figure 3.  Generic hypothetical machine capability curves. 

 
Table 1.  Original matrix for normal-operation tests. 

 

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Cold Srated

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Cold Srated

M
anual

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Cold 75% S

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Cold 75% S

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Hot 75% S

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Hot 75% S

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Hot Srated

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Hot Srated

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Cold Srated

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Cold Srated

A
uto via O

bject M
odel

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Cold 75% S

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Cold 75% S

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Hot 75% S

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Hot 75% S

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Hot Srated

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Hot Srated

Hot & Cold Ambient temperatures  
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For testing, each setpoint was commanded using the Woodward front panel controls 
(“manual”) and then repeated using the IEC 61850 test platform of Figure 4 
(“automatic”). 

 
At each test point, the genset output was reported in two ways: 

 
a) The measurements made internally by the Caterpillar/Woodward control system 

were reported back to the client application via the IEC 61850 interface.  
Referring to the test platform implementation shown in Figure 4, these data were 
passed from the machine “up” to the test application and were recorded.  These 
are referred to as “OM” measurements in Table 3. 

 
b) The machine output was measured independently by the transducers and data 

acquisition system at DETL.  These are referred to as “PS” measurements in 
Table 3. 

 
Finally, tests cases were subdivided into two categories: normal and abnormal conditions. 

 
Normal conditions represent the set of test cases were the unit is operating within its 
capability and operational limits.  Table 1 describes the test cases used for normal 
conditions. 

 
Abnormal conditions represent the set of test cases were the machine is given invalid 
operational setpoints.  It is important to note that these “abnormal” conditions did not test 
the operation of the OM under abnormal power system conditions (fault, overcurrent, 
sag, etc.). 

 
Two types of abnormal operational commands were envisioned.  In one, the genset 
controller would be given a command just beyond the capability of the machine (such as 
100 kW requested of a 60-kW generator).  In the other, a physically impossible command 
could be issued due to operator error (requesting a power factor greater than unity).  
These two types of conditions were tested by using four cases: 
 

1. Real power (P) slightly greater than the machine rating – To accomplish this, a 
50-kW limit was set in the Woodward controller and then 60 kW was requested 
from the unit. 

2. Power factor outside allowable bounds – To accomplish this test a 0.5-pf limit 
was set in the Woodward controller and then a request was made for operation at 
0.1 pf. 

3. Physically meaningless power factor – For this test, a request was made for 
operation at 2.0 pf. 

4. Real power (P) outside the bounds of engine-generator capability – For this test, 
request was made for operation at 1,000 kW. 
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3.1 Laboratory Test Configuration 
 
Figure 4 shows a block diagram of the test platform implemented.  The Caterpillar engine 
combined with a Kato generator had a nameplate rating of 93 kVA, 75 kW at 0.8 power factor.  
The grid-paralleling controller was a Woodward EGCP-2 using MODBUS as its communication 
protocol. 
 

Cat/Kato
Generator

Woodward
Controller

LabVIEW DAS

V, I signals

SISCO
(Herbert Falk)

SCADA 
Sentry

Grid

Diesel 
Object Model

61850 Interface

Diesel 
Object Model

61850 Interface

61850 Interface

Test Application

DAQ6 PC 
“OM” measurements

Modbus Interface

Modbus Interface

ENERNEX
(Erich Gunther)

“Automatic”
commands

“Manual”
commands

DAQ7 PC 
“PS” measurements

 

 
Figure 4.  Test platform implemented at DETL. 
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4.  TEST RESULTS 
 
 
4.1 Machine Capability 
 
Appendix A describes the results of these tests. 
 
In a stand-alone operation where the load is appropriately matched to the diesel genset’s rated 
capability, it can provide 90 kVA and 75 kW.  The object model tests were conducted in a grid-
tied mode.  The machine was tested to test its capability in this grid-tied environment. As 
illustrated by the plot in Figure 5, it was determined that the genset was capable of 61 kVA at 
unity power factor (61 kW) (see the red curve in the figure).  This placed a bound on the power 
that the machine could provide in a repeatable manner.  These tests showed that the capability of 
the genset in grid-tied operation was significantly lower from that in stand-alone (off-grid) 
operation. 
 
Because of this limitation, the “normal operation” of the machine was evaluated using a reduced 
rating of 60 kVA.  It was decided that this derating was appropriate so that the machine’s 
responses to manual commands could be compared to those given via the OM interface without 
uncertainty as to variations in machine capability. 
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Figure 5.  Genset response to requests for nameplate output of 92 kVA (grid-tied). 
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4.2 Object Model Mapping 
 
Specific differences between the version of MODBUS used by Woodward and some other 
MODBUS variations led to some delays and additional programming work.  This was 
exacerbated by the fact that EnerNex did not physically have the Woodward controller at their 
site for preliminary mapping work.  A meeting was held at Sandia to determine the exact set of 
Woodward MODBUS attributes needed for the test implementation.  The entire set as described 
in the Woodward EGCP-2 operations manual contains a number of parameters that were not 
relevant to this activity or necessary to prove the operational adequacy of the OM [6]. 
 
The goal of this activity was to identify “mandatory” OM attributes that could not be associated 
with a Woodward MODBUS attribute and, conversely, to identify Woodward MODBUS 
attributes that did not map directly into the OM without special custom programming.  Appendix 
B contains the final mapping report from EnerNex.  These findings were reported directly to the 
appropriate IEC committee as they were discovered. 
 

4.3 Comparison of System Measurements 
 
4.3.1 Normal Operations 
 
Because the machine was being operated well within its nameplate capability, no difference be-
tween hot and cold ambient temperatures would have been observed.  The test matrix of Table 1 
could therefore be reduced to that of Table 2. 
 

Table 2.  Actual matrix for normal operation tests (Srated = 60 kVA). 
 

Vmax

pf = -0.75, 0.5, 0.75, 1.0

Vmin

pf = -0.75, 0.5, 0.75, 1.0

Vnom

pf = -0.75, 0.5, 0.75, 1.0

Srated

Vmax

pf = -0.75, 0.5, 0.75, 1.0

Vmin

pf = -0.75, 0.5, 0.75, 1.0

Vnom

pf = -0.75, 0.5, 0.75, 1.0

Srated

M
anual

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Srated

Vmax

-0.75, 0.5, 0.75, 1.0

Vmin

-0.75, 0.5, 0.75, 1.0

Vnom

-0.75, 0.5, 0.75, 1.0

Srated

A
uto via O

bject M
odel

Vmax

pf = -0.75, 0.5, 0.75, 1.0

Vmin

pf = -0.75, 0.5, 0.75, 1.0

Vnom

pf = -0.75, 0.5, 0.75, 1.0

75% of Srated

Vmax

pf = -0.75, 0.5, 0.75, 1.0

Vmin

pf = -0.75, 0.5, 0.75, 1.0

Vnom

pf = -0.75, 0.5, 0.75, 1.0

75% of Srated

Vmax

pf = -0.75, 0.5, 0.75, 1.0

Vmin

pf = -0.75, 0.5, 0.75, 1.0

Vnom

pf = -0.75, 0.5, 0.75, 1.0

75% of Srated

Vmax

pf = -0.75, 0.5, 0.75, 1.0

Vmin

pf = -0.75, 0.5, 0.75, 1.0

Vnom

pf = -0.75, 0.5, 0.75, 1.0

75% of Srated

Test Condition 1of 6 (Vnom, Srated)Test Condition 1of 6 (Vnom, Srated)  
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Table 3 lists the results from the first test condition, in which the machine was operated at 
nominal ac voltage and rated apparent power (60 kVA).  Each value in Table 3 is an average of 
ten readings at that test condition.  These data are plotted in Figure 6 for comparison purposes. 
 
The two measurements agreed very closely, indicating that the machine was reporting accurate 
values via the 61850 interface.  It also responded appropriately to commands, indicating that the 
61850 interface was translating the commands properly. 
 
 

Table 3.  Results for normal-tests test condition #1 (Vnominal, Srated). 
 

pf P(kW) S (kVA) Q (kvar)
I (Arms) 
@ 480V OM PS OM PS OM PS OM PS OM PS OM PS

-0.75 45.0 60.0 39.7 72.2 44.9 46.2 60.4 60.4 -40.3 39.0 484 487 71.7 71.6 -0.74 0.74
1.00 60.0 60.0 0.0 72.2 59.9 60.3 60.6 60.8 -0.3 8.4 493 496 71.0 70.7 0.99 0.99
0.75 45.0 60.0 39.7 72.2 44.5 44.9 60.1 60.5 40.4 40.5 494 498 70.1 70.1 0.74 0.74
0.51 30.6 60.0 51.6 72.2 30.4 30.9 59.4 59.6 51.0 51.0 495 499 69.3 69.0 0.51 0.52

-0.75 45.0 60.0 39.7 72.2 44.7 45.0 59.5 58.8 -39.3 37.8 481 484 71.2 70.1 -0.75 -0.75
1.00 60.0 60.0 0.0 72.2 59.9 60.0 60.0 60.2 -4.1 8.1 487 490 70.7 71.0 1.00 1.00
0.75 45.0 60.0 39.7 72.2 45.1 45.3 60.3 60.4 40.0 40.0 492 495 71.3 70.4 0.75 0.75
0.51 30.6 60.0 51.6 72.2 30.6 31.0 61.0 61.3 52.8 52.9 493 496 71.4 71.4 0.50 0.51

Man Test 1 Vnom, Srated

Vnom, SratedAuto Test 1

commands P (kW) meas S (kVA) meas Q (kvar) meas Vrms meas Irms meas pf meascorresponding values
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Figure 6.  Measured real and reactive power for test condition #1 (Vnom, Srated). 
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4.3.2 Abnormal Operations 
 
The results of these tests, shown in Table 4, were observations indicating the importance of 
careful coordination between the native controller (the Woodward, in this case) and the IEC 
61850 commands. 
 

Table 4.  Results for abnormal test conditions. 
 

pf
set

P(kW)
set

S (kVA)
calc

Q (kvar)
calc

I (Arms)
calc

@480V Observations:  Response, alarms, ec.
1.00 60.0 60.0 0.0 72.2 P ramps to 50 kW and alarms, "kW High Limit Alarm" 
1.00 40.0 40.0 0.0 48.1 Toggle down to 40kW, able to clear alarm

1.00 60.0 60.0 0.0 72.2 P ramps to 50kW and alarms, "kW High Limit Alarm" 
1.00 40.0 Unable to clear alarm or change power level

0.10 40.0 60.0 44.7 72.2 Used toggle switch to incrementally reduce pf.  Would not go below limit of 0.5
1.00 40.0 41.8 7.1 49.1 No alarms. Toggle back to pf = 1.0 without issue

0.10 40.0 60.0 44.7 72.2 Entered pf = 0.1 to test application.  Machine goes to 0.51
1.00 40.0 40.0 0.0 48.1 Succesfully responded to commands of .9, .8, .7, .6, but didn't respond to .5

2.00 40.0 60.0 44.7 72.2 PF can only be changed from .5 to 1 to -.5
1.00 40.0 60.0 44.7 72.2 there isn't a means of entering a incorrect number

2.00 40.0 60.0 44.7 72.2 Entered PF setting in GUI for PF=2, dialog box pops up
1.00 40.0 60.0 44.7 72.2 Please enter a value between -1.00 and 1.00

1.00 1000.0 60.0 #NUM! 72.2 utilizing toggle switches, the real power only increases to ~65kW, even if toggle still active
1.00 40.0 60.0 44.7 72.2 able to go back done to 40kW

1.00 1000.0 60.0 #NUM! 72.2 power goes up to 50kW alarms, "kW High Limit Alarm"
1.00 40.0 60.0 44.7 72.2 clear alarm but goes right back, not able to go to 40kW or change anything

Man Test 1 Plimit = 50 kW

Man Test 4

Auto Test 1

Man Test 2

Auto Test 2

Plimit = 50 kW

Auto Test 4

Man Test 3

Auto Test 3

 
 
 
In abnormal test #1, the power output was limited to its preset “rating” of 50 kW with no issues 
when using manual controls.  However, in automatic mode (using the IEC 61850 interface) it 
was not possible either to clear the alarm “kW high limit” or to change the power level while this 
alarm was present.  A manual intervention was required. 
 
In abnormal test #2, the machine responded to a request for a power factor of 0.1 by operating at 
its lower limit of 0.5.  No problems were encountered in recovering from this limit either 
manually or automatically.  One anomaly was that the “automatic” test interface would not 
respond to a request for 0.5, but would respond to a request for 0.51.  Since the machine was 
capable of responding to manual P and Q commands corresponding to a power factor of 0.5, this 
inability to accept a direct power factor command of 0.5 through the OM interface was believed 
to be due to limitations in the Modbus interface. 
 
In abnormal test #3, the goal was to request a power factor of 2.  In manual mode, the controls on 
the front panel of the EGCP-2 do not allow the user to specify a power factor greater than one.  
The limit of 1.0 was reached and maintained without issue.  In automatic mode, the value of 2.0 
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was rejected by the test application, which displayed a prompt stating the acceptable range of 
power factors.  Obviously, these tests reflect the capabilities of the two user interfaces rather than 
the underlying communications protocols. 
 
In abnormal test #4, a value of 1,000 kW was requested.  The results were identical to those for 
the request of 60 kW in test #1.  The limit of 50 kW was reached, and a “kW high limit” alarm 
was displayed.  No issues were present in manual mode.  In automatic mode, once the alarm was 
set there was no way to recover from the condition. 
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5.  CONCLUSIONS AND RECOMMENDATIONS 
 
 
The diesel generator OM tested was successfully used to accomplish basic genset control and 
monitoring.  However, as presently constituted it is not adequate at the desired stage of routine 
“plug-and-play.”  Because variations among vendors in control structure and implementation are 
likely, custom programming will be required for each new generator vendor beyond simple 
direct mapping.  The standard is flexible enough to accommodate such customization, and in the 
near term it will be required in order to successfully demonstrate and to continue to refine OM 
functionality.  This complexity should be relieved when the standard is accepted and there is a 
motivation for vendors to write native controls using IEC 61850. 
 
The fact that a mapping or translation step is required also introduces other limitations.  The 
DER OM may be very capable, but its functionality is ultimately limited by that of the native 
protocol it is translated to (in this case Modbus).  This was shown during the abnormal tests. 
 
Moreover, in the present transitional period adoption of the IEC 61850-based OMs is hampered 
by the fact that limited tools are available to implement this new technology.  Limitations exist in 
mapping, client software, and the number, quality, and availability of consulting vendors. 
 
The DER OM standard IEC 61850-7-420 requires some revision based on these results.  The 
mapping results summary was already communicated to the appropriate IEC committee.  
 
More testing is clearly needed to define and categorize vendor-specific issues (MODBUS, other 
serial limitations – resolution, update rate) and response to a more exhaustive set of abnormal 
conditions. 
 
These problems are far from insurmountable and do not imply anything fundamentally unsound 
or unworkable in the standard. 
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6.  FUTURE WORK 
 
 
This activity has highlighted the need for additional testing in the following categories: 
 

1. Diesel genset controllers by different vendors. 
2. Other types of DER (CHP, PV, energy storage, microturbines, etc.). 
3. Systems-level tests of multiple DER configured as a microgrid connected to the main 

grid at a single point of common coupling. 
4. Systems-level tests of simultaneous operation of multiple sources, either individually or 

configured as a microgrid, under the control of an energy management system or systems 
capable of prioritizing generators.  

5. Systems-level tests including separation of such a combination of sources from the main 
utility and operating them autonomously (stand-alone), including operation of IEC 61850 
switchgear, monitoring equipment, and load-shedding equipment.   

 
In addition to discovering differences in protocols for communications and control, such 
testing – particularly at the systems level – could provide a valuable demonstration of the 
potential of the technology and thereby accelerate its adoption. 
 
Figure 7 illustrates the IEC family of communications standards that are presently in various 
stages of development.  The vision, when both the standards and the necessary harmonizing 
work has been completed, is to the enable the power grid of the future to operate so as to 
optimize not just costs, but emissions, energy surety, or other metrics that can be defined and 
codified in software.  Menicucci describes one such application where OMs enable dynamically-
reconfigurable systems [7]. 
 

IEC ???

IEC ???

61850-7-???62056

IEC ???

62056

61850

60870-6

60870-6

61968

60870-5

Others:
61970 – CIM (System Model)
62351 – Security

61850-7-420

Mature
In process
Does not exist  

 
Figure 7.  IEC information standards for automating power grid operations. 
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An outcome of this future grid is that the oft-quoted concept of “plug-and-play” could actually 
be realized.  This is illustrated in Figure 8. Note that the microgrid is depicted with its four 
primary constituents: source, load, line (e.g., wires), and connectors (e.g., switches).  An object 
model, such as one like IEC 61850, would facilitate the removal of one source and replacement 
with another.  In this example a PV system and a diesel generator (both controlled via IEC 
61850) could be interchanged with no need for custom engineering of the communication and 
control software. 
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Source Load Line Connector
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Figure 8.  Using the DER OM standards to enable “plug-and-play” functionality. 
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APPENDIX A:  Caterpillar Generator Characteristics 
 
 
The implementation of distributed generation (DG) for grid stability and peak shaving has been 
gaining momentum in the past decade and knowing the full capability of each of the utility-
interconnected DG resources, a power system operator can dispatch the desired power, either it 
be real or reactive.  Critical information on each DG and how the information is made available 
to the system operator is the focus of this exercise.  The DG undergoing characteristic 
evaluations is a Caterpillar Synchronous 75-kW/92-kVA 480-V generator that has been fitted 
with a Woodward EGCP II, which enables the generator to run in isochronous mode and be 
utility interconnected.  The generator is connected to a motor control center (MCC) and utilizes a 
utility service entrance that connects the generator to the main 480-Vac bus that has a 100-amp 
limit.  This places a limit on the amount of available power (real and reactive) during our low-
power factor evaluations.  Figure A-1 shows a one-line diagram showing how the generator is 
configured. 
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Figure A-1.  Generator one-line diagram. 
 
 
Objective 
 
The objective of this exercise is to determine the capability of the Caterpillar 75-kW/92-kVA 
generator characteristics in utility interconnected mode.  However, to determine its capability, 
the generator was initially configured for stand-alone mode operation and a baseline capability 
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curve was generated.  In stand-alone mode, load switch closed and utility switch open, our 
generator was able to deliver 75 kW of power to a resistive load and 92 kVA when connected to 
a resistive/inductive load up to a power factor of .5.  Figures A-2 and A-3 show the data when 
the generator is supplying power to a resistive load used to determine real power capability, and 
a resistive/inductive load used to determine if it can supply the power to load that is adjusted for 
a power factor of ~ .5.  The generator was then configured for utility interconnection mode using 
the Woodward EGCP II controller, which synchronizes the generator to the utility and enables it 
to deliver the programmed power to the utility. 
 

Caterpillar GenSet in Standalone Mode Supplying Resistive load
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Cat GenSet in Standalone Mode Supplying RL Load
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 Figure A-2.  Stand-alone characteristics. Figure A-3.  Additional stand-alone data. 

 
 
Characteristics 
 
Utilizing a test bed comprised of different test conditions, shown in Table A-1, the generator’s 
capability has been determined and is presented in the tables below.  Since the test bed requires 
the utility voltage to be varied by ± 10% of nominal 480 Vac a 150-kVA multi-tap transformer 
was implemented to achieve the desired voltage ranges.  This voltage varies slightly since the 
DG is connected to the utility, and as the substation goes through its tap changes the voltage 
varies.  The values presented in the following tables are average values from the data collected at 
the desired power and power factor levels. 
 
 

Table 1.  Caterpillar 75-kW/92-kVA capability test conditions. 
 

Cold S Rated Cold 75% S Hot Srated Hot 75% S 

Vnom (Test 1) 
-0.75, 0.5, 0.75, 1.0 

Vnom (Test 2) 
-0.75, 0.5, 0.75, 1.0

Vnom (Test 3) 
-0.75, 0.5, 0.75, 1.0 

Vnom (Test 4) 
-0.75, 0.5, 0.75, 1.0 

Vmin (Test 5) 
-0.75, 0.5, 0.75, 1.0 

Vmin (Test 6) 
-0.75, 0.5, 0.75, 1.0

Vmin (Test 7) 
-0.75, 0.5, 0.75, 1.0 

Vmin (Test 8) 
-0.75, 0.5, 0.75, 1.0 

Vmax (Test 9) 
-0.75, 0.5, 0.75, 1.0 

Vmax (Test 10) 
-0.75, 0.5, 0.75, 1.0

Vmax (Test 11) 
-0.75, 0.5, 0.75, 1.0 

Vmax (Test 12) 
-0.75, 0.5, 0.75, 1.0 
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Following are the pertinent characteristics for each of the test conditions listed previously.  Since 
the generator is tied to our utility, the voltage may slightly fluctuate, which will affect the current 
and ultimately the output power. 
 

PF Voltage Current VA Watts PF PF Voltage Current VA Watts PF
-0.75 480 91 75368 56915 0.76 -0.75 486 76 64049 48589 0.76

1 492 75 63656 63552 1.00 1 490 73 61695 61610 1.00
0.75 499 95 82376 60543 0.73 0.75 495 76 65130 48036 0.74
0.5 502 96 83299 40938 0.49 0.5 499 76 65600 31986 0.49

PF Voltage Current VA Watts PF PF Voltage Current VA Watts PF
-0.75 482 91 76322 57866 0.76 -0.75 479 75 62185 46465 0.75

1 490 71 60367 59889 0.99 1 485 70 58420 58152 1.00
0.75 496 89 76330 56788 0.74 0.75 492 72 61536 45550 0.74
0.5 499 103 88950 44184 0.50 0.5 495 78 67175 32776 0.49

PF Voltage Current VA Watts PF PF Voltage Current VA Watts PF
-0.75 441 96 73349 55646 0.76 -0.75 438 68 51710 44743 0.86

1 441 84 64445 63965 0.99 1 443 74 56443 56006 0.99
0.75 449 96 74451 55001 0.74 0.75 445 70 53793 40802 0.76
0.5 455 92 72112 34778 0.48 0.5 446 71 54658 26651 0.49

PF Voltage Current VA Watts PF PF Voltage Current VA Watts PF
-0.75 439 95 72338 54985 0.76 -0.75 438 68 51710 44743 0.86

1 441 78 59258 59144 1.00 1 443 74 56443 56006 0.99
0.75 449 94 73357 54709 0.75 0.75 445 70 53793 40802 0.76
0.5 451 93 72978 35987 0.49 0.5 446 70 54231 29095 0.54

PF Voltage Current VA Watts PF PF Voltage Current VA Watts PF
-0.75 529 87 79427 59646 0.75 -0.75 528 72 66138 49953 0.76

1 539 65 60652 60490 1.00 1 537 65 60230 59723 0.99
0.75 545 89 83818 57769 0.69 0.75 544 75 70636 52908 0.75
0.5 547 96 91378 46453 0.51 0.5 544 75 70225 48730 0.69

PF Voltage Current VA Watts PF PF Voltage Current VA Watts PF
-0.75 525 77 69702 57121 0.82 -0.75 527 74 67586 51248 0.76

1 528 66 60306 60352 1.00 1 534 62 56993 56761 1.00
0.75 536 83 77322 57421 0.74 0.75 541 74 69292 51271 0.74
0.5 544 99 92796 46574 0.50 0.5 542 79 74220 37285 0.50

Test 9 (Vmax, S Rated, Cold) Test 10 (Vmax, 75% of S Rated, Cold)

 Test 11 (Vmax, S Rated, Hot) Test 12 (Vmax, 75% of S Rated, Hot)

Test 5 (Vmin, S Rated, Cold) Test 6 (Vmin, 75% of S Rated, Cold)

 Test 7 (Vmin, S Rated, Hot) Test 8 (Vmin, 75% of S Rated, Hot)

Test 1 (Vnom, S Rated, Cold)

 Test 3 (Vnom, S Rated, Hot)

Test 2 (Vnom, 75% of S Rated, Cold)

Test 4 (Vnom, 75% of S Rated, Hot)
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These are the average values for each of the test conditions, which include additional power 
levels and power factor levels and offer a more detailed picture of the DG’s capability 
characteristics. 
 
 

Cat GenSet Test 1 Characteristics (Vnom, Rated, Cold)
time Gen V (avg) Gen I (avg) Gen  VA (avg) Gen  Watts (avg) Gen PF (avg)

6:23:32 AM 491 25 21145 20967 0.99
6:30:23 AM 489 7 6172 5460 0.88
6:31:49 AM 489 13 10599 10257 0.97
6:33:05 AM 490 19 16494 16079 0.97
6:34:13 AM 490 24 20423 20091 0.98
6:35:22 AM 490 30 25839 25568 0.99
6:36:16 AM 490 36 30577 30409 0.99
6:37:17 AM 490 42 35440 35118 0.99
6:38:22 AM 490 48 40699 40422 0.99
6:39:29 AM 491 53 45134 45035 1.00
6:40:35 AM 491 59 50008 49841 1.00
6:41:37 AM 492 64 54368 54476 1.00
6:42:38 AM 492 69 59069 59039 1.00
6:45:08 AM 492 75 63656 63552 1.00
6:48:13 AM 495 78 66763 63290 0.95
6:50:07 AM 497 81 69852 62267 0.89
6:51:29 AM 498 85 73648 61936 0.84
6:53:34 AM 499 90 77625 61142 0.79
6:56:48 AM 499 95 82376 60543 0.73
7:10:01 AM 497 94 81297 56345 0.69
7:11:51 AM 496 96 82936 52677 0.64
7:13:55 AM 501 98 85383 50567 0.59
7:15:20 AM 501 95 82596 44161 0.53
7:17:42 AM 502 96 83299 40938 0.49
7:23:17 AM 491 73 62032 61605 0.99
7:24:39 AM 486 77 64840 61622 0.95
7:25:39 AM 485 81 67906 61643 0.91
7:27:05 AM 483 85 71100 61717 0.87
7:28:00 AM 482 91 76016 61107 0.80
7:39:20 AM 480 91 75368 56915 0.76      

Cat GenSet Test 2 Characteristics (Vnom, 75% of Rated, Cold) 
time Gen V (avg) Gen I (avg) Gen VA (avg) Gen Watts (avg) Gen PF (avg)

8:11:35 AM 488 7 6114 5390 0.88
8:13:38 AM 488 13 11325 10997 0.97
8:14:35 AM 488 18 15625 15368 0.98
8:15:35 AM 488 24 20705 20447 0.99
8:16:31 AM 489 30 25222 25112 1.00
8:17:35 AM 489 36 30216 30215 1.00
8:18:38 AM 489 41 34953 34925 1.00
8:19:35 AM 489 47 39677 39582 1.00
8:20:34 AM 489 53 45077 44686 0.99
8:21:38 AM 489 59 50100 49760 0.99
8:22:34 AM 490 65 54910 54639 1.00
8:23:38 AM 490 70 59288 59116 1.00
8:24:45 AM 490 73 61695 61610 1.00
8:26:06 AM 494 76 64912 61412 0.95
8:33:31 AM 495 76 65457 58014 0.89
8:35:11 AM 495 77 65658 55234 0.84
8:36:36 AM 495 74 63675 50558 0.79
8:37:43 AM 495 76 65130 48036 0.74
8:39:31 AM 494 74 63308 43737 0.69
8:41:30 AM 494 74 63160 41031 0.65
8:43:26 AM 497 77 65928 38823 0.59
8:44:45 AM 500 76 65858 35411 0.54
8:47:15 AM 499 76 65600 31986 0.49
8:50:51 AM 493 72 61080 61101 1.00
8:52:16 AM 491 75 63708 60819 0.95
8:54:32 AM 489 77 65660 59745 0.91
8:57:15 AM 488 77 65010 55602 0.86
8:58:55 AM 487 77 64690 52225 0.81
9:00:41 AM 486 76 64049 48589 0.76  

 
 

Cat GenSet Test 3  Characteristics (Vnom, S Rated, Hot)
time Gen V (avg) Gen I (avg) Gen VA (avg) Gen Watts (avg) Gen PF (avg)

11:35:03 AM 489 11 9339 5189 0.56
11:38:31 AM 488 13 11081 10778 0.97
11:39:56 AM 488 19 15889 15593 0.98
11:41:07 AM 487 25 20952 20818 0.99
11:42:30 AM 487 30 25447 25173 0.99
11:43:45 AM 488 36 30243 30005 0.99
11:44:59 AM 488 42 35110 34869 0.99
11:46:30 AM 488 48 40143 39926 1.00
11:48:10 AM 488 54 45256 44818 0.99
11:49:32 AM 488 59 49640 49183 0.99
11:51:05 AM 489 65 55335 54759 0.99
11:52:43 AM 489 71 59774 59277 0.99
11:54:30 AM 490 71 60367 59889 0.99
11:55:56 AM 488 74 62768 59863 0.95
11:57:20 AM 486 78 65981 59407 0.90
11:59:24 AM 485 82 68871 59299 0.86
12:02:24 PM 484 86 72334 58592 0.81
12:05:47 PM 482 91 76322 57866 0.76
12:07:48 PM 489 70 59226 58632 0.99
12:09:04 PM 493 72 61602 58185 0.94
12:10:27 PM 494 76 64849 57913 0.89
12:11:49 PM 495 79 67449 57499 0.85
12:13:35 PM 496 84 72132 57085 0.79
12:14:54 PM 496 89 76330 56788 0.74
12:17:29 PM 496 94 80833 55743 0.69
12:19:21 PM 497 99 85304 55141 0.65
12:22:58 PM 498 107 92112 54012 0.59
12:27:31 PM 496 92 79436 42627 0.54
12:29:45 PM 499 103 88950 44184 0.50    

Cat GenSet Test 4 Characteristics (Vnom, 75% of Rated, Hot)
time Gen  V (avg) Gen  I (avg) Gen VA (avg) Gen Watts (avg) Gen PF (avg)

3:42:17 PM 483 7 6104 5591 0.92
3:43:36 PM 483 13 10746 10397 0.97
3:44:31 PM 483 19 15989 15731 0.98
3:45:38 PM 483 24 20293 20190 0.99
3:46:41 PM 484 30 25222 24987 0.99
3:47:38 PM 483 36 30302 30003 0.99
3:48:33 PM 484 42 35075 34800 0.99
3:49:36 PM 484 48 40149 39860 0.99
3:50:49 PM 485 53 44780 44628 1.00
3:52:10 PM 485 59 49564 49316 1.00
3:53:09 PM 485 65 54229 54131 1.00
3:55:01 PM 485 70 58420 58152 1.00
4:00:46 PM 489 71 60441 57120 0.95
4:05:49 PM 490 72 61318 54994 0.90
4:06:56 PM 491 75 64125 53504 0.83
4:08:30 PM 492 76 64462 51190 0.79
4:11:04 PM 492 72 61536 45550 0.74
4:12:24 PM 493 74 63347 43414 0.69
4:13:59 PM 494 74 63458 41072 0.65
4:15:57 PM 495 76 65066 38198 0.59
4:17:33 PM 494 75 63991 34448 0.54
4:18:52 PM 495 78 67175 32776 0.49
4:21:53 PM 488 45 38061 37873 1.00
4:26:20 PM 487 71 60130 56766 0.94
4:29:09 PM 486 75 62699 56875 0.91
4:37:52 PM 481 75 62567 53044 0.85
4:38:50 PM 480 73 60916 49457 0.81
4:39:41 PM 479 75 62185 46465 0.75  
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Cat Gen Test 5 Characteristics (Vmin, S Rated, Cold)
time Gen V (avg) Gen I (avg) Gen VA (avg) Gen Watts (avg) Gen PF (avg)

6:11:27 AM 438 8 6098 5508 0.90
6:12:36 AM 439 14 10782 10450 0.97
6:13:40 AM 439 20 15465 15314 0.99
6:14:42 AM 439 27 20474 20301 0.99
6:15:40 AM 439 33 25401 25288 0.99
6:16:44 AM 440 41 30879 30643 0.99
6:17:43 AM 440 46 35344 35173 1.00
6:18:39 AM 440 53 40146 39915 0.99
6:19:43 AM 440 59 44737 44553 1.00
6:20:39 AM 440 65 49471 49269 1.00
6:21:43 AM 440 71 54216 54055 1.00
6:22:50 AM 440 78 59733 59464 1.00
6:24:15 AM 441 84 64445 63965 0.99
6:25:54 AM 446 87 67001 62944 0.94
6:26:48 AM 447 91 70602 62830 0.89
6:28:04 AM 448 95 73820 61897 0.84
6:29:49 AM 448 94 73095 58216 0.80
6:30:50 AM 449 96 74451 55001 0.74
6:31:54 AM 450 98 75965 52554 0.69
6:33:36 AM 455 92 72220 46625 0.65
6:34:33 AM 456 96 76007 44630 0.59
6:35:45 AM 456 94 74289 39866 0.54
6:37:13 AM 455 92 72112 34778 0.48
6:40:11 AM 447 79 61217 60898 1.00
6:41:12 AM 445 83 64294 61012 0.95
6:42:18 AM 444 86 66544 60807 0.91
6:43:24 AM 443 91 69926 60491 0.87
6:46:15 AM 441 97 74037 59717 0.81
6:49:06 AM 441 96 73349 55646 0.76    

Cat Gen Test 6 Characteristics (Vmin, 75% of Rated, ~Cold)
time Gen V (avg) Gen I (avg) Gen VA (avg) Gen Watts (avg) Gen PF

11:41:35 AM 443 74 56443 56006 0.99
11:43:10 AM 444 72 55560 52150 0.94
11:44:14 AM 444 71 54505 49262 0.90
11:45:30 AM 445 71 54786 46372 0.85
11:46:38 AM 445 70 53559 43074 0.80
11:47:53 AM 445 70 53793 40802 0.76
11:49:06 AM 446 70 54367 38386 0.71
11:50:14 AM 446 72 55304 35629 0.65
11:51:22 AM 446 70 53874 32309 0.60
11:53:07 AM 446 70 54231 29095 0.54
11:55:37 AM 446 71 54658 26651 0.49
11:58:40 AM 442 73 56146 56099 1.00
11:59:54 AM 440 72 54763 52965 0.97
12:01:06 PM 439 72 54699 50039 0.91
12:02:21 PM 438 71 54016 47534 0.88
12:03:30 PM 438 68 51710 44743 0.86
12:05:39 PM 438 62 46678 41409 0.89  

 
Cat Gen Test 7 Characteristics: (Vmin, Rated Power, Hot)

time Gen  V (avg) Gen  I (avg) Gen VA (avg) Gen Watts (avg) Gen PF (avg)
2:10:53 PM 434 9 6421 6123 0.95
2:12:49 PM 434 14 10606 10425 0.98
2:13:54 PM 435 21 16066 15997 1.00
2:14:58 PM 435 27 20547 20520 1.00
2:16:29 PM 437 33 25369 25216 0.99
2:17:59 PM 440 39 30004 29970 1.00
2:19:04 PM 440 46 35174 35133 1.00
2:20:07 PM 440 52 39799 39704 1.00
2:21:18 PM 441 58 44557 44598 1.00
2:22:36 PM 441 65 49631 49433 1.00
2:23:46 PM 441 71 53872 53917 1.00
2:25:30 PM 441 78 59258 59144 1.00
2:27:32 PM 445 81 62244 58697 0.94
2:28:42 PM 446 84 64859 57992 0.89
2:29:58 PM 447 89 68544 57778 0.84
2:31:38 PM 448 93 72076 57074 0.79
2:40:18 PM 449 94 73357 54709 0.75
2:43:14 PM 450 93 72825 50810 0.70
2:45:46 PM 451 95 74162 47524 0.64
2:47:44 PM 451 96 75078 42557 0.57
2:49:08 PM 451 97 75800 40360 0.53
2:51:26 PM 451 93 72978 35987 0.49
2:57:37 PM 447 72 56010 55831 1.00
3:03:35 PM 443 77 58781 56130 0.96
3:05:18 PM 442 80 61382 55801 0.91
3:07:19 PM 440 88 66984 55214 0.82
3:09:34 PM 439 95 72338 54985 0.76   

Cat GenSet Test 8 Characteristics (Vmin, 75% of S Rated, Hot) 
time (avg) Gen V (avg) Gen I (avg) Gen VA (avg) Gen Watts (avg) Gen PF
11:41:35 AM 443 74 56443 56006 0.99
11:43:10 AM 444 72 55560 52150 0.94
11:44:14 AM 444 71 54505 49262 0.90
11:45:30 AM 445 71 54786 46372 0.85
11:46:38 AM 445 70 53559 43074 0.80
11:47:53 AM 445 70 53793 40802 0.76
11:49:06 AM 446 70 54367 38386 0.71
11:50:14 AM 446 72 55304 35629 0.65
11:51:22 AM 446 70 53874 32309 0.60
11:53:07 AM 446 70 54231 29095 0.54
11:55:37 AM 445 66 50767 26790 0.55
11:58:40 AM 442 73 56146 56099 1.00
11:59:54 AM 440 72 54763 52965 0.97
12:01:06 PM 439 72 54699 50039 0.91
12:02:21 PM 438 71 54016 47534 0.88
12:03:30 PM 438 68 51710 44743 0.86  

 
Cat GenSet Tetst 9 Characteristics (Vmax, S Rated, Cold)

time Gen V (avg) Gen I (avg) Gen VA (avg) Gen Watts (avg) Gen PF (avg)
7:19:19 AM 534 7 6376 5303 0.83
7:20:43 AM 534 12 11310 10677 0.94
7:21:55 AM 536 18 16418 15753 0.96
7:22:53 AM 535 22 20505 20238 0.99
7:23:57 AM 535 27 25425 25090 0.99
7:24:58 AM 535 33 30566 30331 0.99
7:25:55 AM 535 39 35861 35608 0.99
7:26:54 AM 535 43 40132 39770 0.99
7:27:54 AM 536 49 45136 44648 0.99
7:28:56 AM 536 54 50085 49843 1.00
7:29:58 AM 536 59 54651 54147 0.99
7:31:18 AM 538 65 60220 59697 0.99
7:32:59 AM 539 65 60652 60490 1.00
7:37:42 AM 541 67 63196 59967 0.95
7:38:30 AM 542 71 66846 59470 0.89
7:40:44 AM 542 75 70473 59346 0.84
7:42:14 AM 543 79 74241 58881 0.79
7:45:22 AM 545 89 83818 57769 0.69
7:46:31 AM 546 95 89652 57081 0.64
7:49:40 AM 547 100 94815 55950 0.59
7:53:12 AM 547 97 92240 49749 0.54
7:54:37 AM 547 96 91378 46453 0.51
7:56:55 AM 538 64 59992 59978 1.00
7:59:47 AM 535 68 63234 60194 0.95
8:06:05 AM 533 71 65895 60195 0.91
8:07:02 AM 531 76 69708 60019 0.86
8:08:09 AM 531 80 73790 59799 0.81
8:09:09 AM 529 87 79427 59646 0.75   

Cat GenSet Test 10 Characteristics (Vmax, 75% of Rated, Cold)
time Gen V (avg) Gen I (avg) Gen VA (avg) Gen  Watts (avg) Gen PF (avg)

8:55:17 AM 537 65 60230 59723 0.99
8:56:22 AM 541 67 62803 59088 0.94
8:57:37 AM 541 71 66352 58928 0.89
9:00:04 AM 542 74 69213 58239 0.84
9:03:05 AM 543 74 69565 55508 0.80
9:04:17 AM 544 75 70636 52908 0.75
9:05:27 AM 544 75 70225 48730 0.69
9:08:53 AM 536 63 58215 57296 0.99
9:09:54 AM 535 67 62274 59683 0.96
9:11:28 AM 533 71 65724 59654 0.91
9:13:59 AM 531 72 65786 56080 0.85
9:15:23 AM 530 71 65407 52890 0.81
9:16:36 AM 528 72 66138 49953 0.76  
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Cat GenSet Test 11 Characteristics (Vmax, S Rated, Hot)
time Gen V (avg) Gen I (avg) Gen VA (avg) Gen Watts (avg) Gen PF (avg)

2:23:28 PM 524 8 6885 5731 0.83
2:24:39 PM 524 12 11200 10661 0.95
2:25:39 PM 524 18 16124 15592 0.97
2:26:45 PM 524 23 20967 20548 0.98
2:27:51 PM 524 28 25627 25502 0.99
2:28:43 PM 525 34 30776 30407 0.99
2:29:45 PM 525 39 35904 35681 1.00
2:30:46 PM 525 44 40145 39934 1.00
2:31:44 PM 525 50 45119 44766 0.99
2:32:44 PM 526 55 49678 49540 1.00
2:33:49 PM 527 60 54410 54405 1.00
2:35:49 PM 528 66 60306 60352 1.00
2:38:03 PM 531 69 63272 59690 0.94
2:39:06 PM 532 71 65303 59269 0.91
2:40:15 PM 533 75 69457 58655 0.84
2:41:06 PM 535 79 73153 58162 0.79
2:42:02 PM 536 83 77322 57421 0.74
2:43:05 PM 537 88 82254 56727 0.69
2:45:26 PM 538 94 88056 55888 0.63
2:48:21 PM 538 94 87960 51599 0.59
2:50:19 PM 543 96 90234 49024 0.54
2:51:34 PM 544 99 92796 46574 0.50
2:56:17 PM 533 62 57564 57198 0.99
2:57:57 PM 530 66 60615 57571 0.95
2:59:39 PM 528 70 63578 57484 0.90
3:00:51 PM 526 74 67073 57351 0.85
3:01:58 PM 525 77 69702 57121 0.82   

Cat GenSet Test 12 Characteristics (Vmax, 75% of Rated, Hot)
Time Gen V (avg) Gen I (avg) Gen VA (avg) Gen Watts (avg) Gen PF (avg)
3:26:59 PM 536 7 6627 5571 0.84
3:28:19 PM 536 12 11153 10517 0.94
3:29:42 PM 536 18 16604 16046 0.97
3:30:38 PM 536 23 21399 21153 0.99
3:31:38 PM 537 27 25386 24992 0.99
3:32:42 PM 534 34 31679 30563 0.97
3:33:45 PM 532 38 35081 34999 1.00
3:34:42 PM 532 44 40275 39911 0.99
3:35:41 PM 533 49 45282 44812 0.99
3:36:45 PM 533 55 50392 49967 0.99
3:37:48 PM 533 59 54754 54159 0.99
3:39:07 PM 534 62 56993 56761 1.00
3:40:40 PM 537 64 59754 56482 0.94
3:41:50 PM 539 68 63700 56090 0.88
3:42:40 PM 540 72 67135 55522 0.83
3:45:00 PM 540 74 69535 54885 0.79
3:47:34 PM 541 74 69292 51271 0.74
3:48:42 PM 541 76 71058 48969 0.69
3:49:52 PM 541 76 71206 45864 0.64
3:50:22 PM 542 81 75874 46232 0.61
3:50:37 PM 542 79 74220 37285 0.50
3:52:08 PM 536 60 55822 55771 1.00
3:53:26 PM 534 64 59476 56201 0.95
3:54:40 PM 533 67 61992 56081 0.90
3:56:00 PM 530 71 65375 55746 0.85
3:57:33 PM 530 75 68434 55922 0.82
4:00:58 PM 527 74 67586 51248 0.76  
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APPENDIX B.  Distributed Energy Resources IEC 61850 
Object Modeling Woodward EGCP-2 Generator 

Control and Engine Maintenance Systems 
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