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Motivation

e Traditional Electric Power Load
Analysis (EPLA) no longer
sufficient for Power Electronics
based powers distribution
systems.

e Different levels of aggregation
e Different thermal time constants
e Different impacts of overloads

e Also need to address new
concerns
e Common mode behavior
e Impact of controls

Courtesy L3T U.S. Navy photo by Mass Communication Specialist 3rd Class Robert S. Price

https://www.I-3mps.com/powerparagon/pdfs/MVMD%202011.pdf

https://www.I-3mps.com/powerparagon/pdfs/Bulletin%20310%20-09.pdf

4/9/2019 Approved for Release. Distribution is Unlimited. 2



T9070-A3-DPC-010/310-1 (AKA DPC 310-1

41/51
Electric
Load List

49/59
Comparing
Trials Data

r.J)

Erclarance .
Fued Caloulations

Annual
Fusedl Caloulataons

4/9/2019

EPLA » Syitchboard Selection ard Sizing
enerator
43/53 Selection ;
Load Factor i 4.B/58
Analysis | Quality of Service
Load Analysi
47157 o i
Modeling amd :
i ! Erergy Storage
Simulation Selection and Sizing
Load Analysis 44/54 Power Canverter,
Zonal Load Trarsformer,
: Paower Fanel, and Load
4.6/56 Factor Analysis Conter telectin and Song
Stochastic 4
Load Analysis
45,55
+| Demand Factor
Analysis
. p '-eede:l:al:lc
24 Hour 4.2/5.2 T Sizing
Average 24 Hour Average
; Load Parametric
Loads )
Equation

Approved for Release. Distribution is Unlimited.

DDS 310-1
REV1

DESIGN DATA SHEET

ELECTRIC POWER LOAD ANALYSIS (EPLA)
FOR SURFACE SHIPS

NAVSEA

NAVAL SEA"SYSTEMS COMMAND

DEPARTMENT OF THE NAVY
NAVAL SEA SYSTEMS COMMAND
WASHINGTON NAVY YARD, DC 20376-5124

DISTRIBUTION STATEMENT A, APPROVED FOR PUBLIC RELEASE; DISTRIBUTION
UNLIMITED.

17 SEPTEMBER 2012




Time Scale is Important

e Seconds (MIL-E-7016F suggests 5 seconds)

 Thermal limit for power electronics

 Minutes (MIL-E-7016F suggests 5 minutes)
 Thermal limit for copper — steel based equipment

e 24 hours
e Annual Fuel Consumption
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Cycling Load Profile
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Impact on Voltage due to overload

Source Rating

* Resistive Load with current limiting P oiod

v
source V,  Paemand

e Probability of overload which results in
voltage being out of limits should be very low

 Constant Power loads are a concern

* If sum of constant power loads is greater |4 P..ica — Pcpr
than supply, then voltage collapse

 Need to ensure with very high probability
that constant power loads will not exceed
the source rating

™~ Overload

Nominal System Voltage

1/7'1 Pdemand T PCPL



Levels of Aggregation

ZONE 6 ZONE 1

e The fewer the loads in an

aggregation the greater 7k
attention need be placedon ..
variance k| | | | .

e Zonal load factor analysis : [ | _;§
adjusts for this variability 1 rzalll A
* Stochastic methods or L%
modeling and simulation .

& ]
methods may be more

.....

appropriate
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Stochastic Models

* Pure Stochastic

e Probability Density Function (PDF) for the load
profile

* Hard to adjust for different conditions

 Time Scale Stochastic

e Create PDF of average values over time scale of
interest.

e Can take advantage of overload capability of
source

e Time Domain Stochastic
* Model profile as a function of random variables
e “On” Time
o “Off” Time
e Load when “on”
* Load when “off”
e Easier to adjust for different conditions

e Can use Markov Chains for multiple states
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Other Challenges

e Common Mode Currents
* Unintended Circuit

e Controls

e Stability

e Quality of Service

Source fe---: Vv -----"  Toad

Impedance  Admittance
S L
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Observations and Conclusions

e A good EPLA is more than a load list
with load factors blindly taken from P
DPC 310-1. l

 The modeling effort must reflect the
time scales of interest and the impact
of overloads.

e For any given aggregation of loads,
choose the modeling effort that
requires the least effort but provides
satisfactory results.

e Higher fidelity modeling may result in
a less costly system.

(U.S. Navy photo courtesy of Bath Iron Works)
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