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ENWL Distribution grid in Manchester:
Three feeder with 330 houses/6350 nodes
Fed by 13.8/0.4 kV DY Transformer
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UCD Hardware Lab-Projects

®H\/DC (Jonathan Ruddy)

®Demand Control (Ismail [brahim)

®Smart

ranstormer (Junru Chen)

®\/irtual Synchronous Machine
(Junru Chen, Ismail lbrahim)



Smart Transformer

Utility grid

PCC

MVAC/ MVDC: Smart transformer
Voltage support/reactive power compensation (ST)
MVDC bus
MVDC/LVDC: -
Energy integ ration DC sub-grid farm
LVDC bus

LVDC/LVAC:
distribution system voltage regulation ]

AC sub-grid

LVAC bus
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[l Load Determination

® Increase of the Distributed Energy Source

Constant impedance dominated load becomes to constant
power |load

Conversional Voltage Reduction (CVR) may not be effective
which only reduces voltage.

® |oad shedding
Not only for the supply & demand balance
But also for the maximum flow of Smart Transformer



Load Determination

Exponential Dynamic Load

Voltage
dPr a U\ %t
T, %1 p, —PO(—) s—Pq (- ) — P, — P,
Ufinal
Pp=P + PO(U—O)“t= P+ P
0
Simplify: Active
Power
P,(t) =P, + (P, —P,) (1 — e_t/T) =P, + (P; — Ps)e_t/T D Ps, Psteady-state

Where: T, € (80,200)
a, € (0.3,1.2)
as € (13,21) 0 time, seconds




Load Determination

The 37% Method
Load Po
Response =5
. P(Tp) — 0.37P; p
PS — PS — 2.5-3 times Tp
0.63 . 24
........ Q- °
The Initial Slope Method asops /
N B(T,) =k +0.63(R - Rp
P,(0.2Tp) — P,
P. =P ~ + P
>0 0.2 t AR
Time constant
Ip time seconds
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Voltage Sensitivity:
The percent of power change with 1% of voltage reduction

Py — Py_4
VS — Pk_1 _ (PO_PI)/PO
Up —Up_1 AU%
Uip_1

Where Py I1s the power before voltage change
P; is the power after voltage change
AUY% 1s the purposely voltage change



Load Determination

DUBLIN

Load Determination Strategy:
1) Purposely voltage change

2) Calculate VS (if wrong, rest)
3) Find the min/max VS as P; (if wrong, reset)
4) Initial Slope Method Pyiyitiar) (if wrong, rest)

5) 36% Method P340, (if wrong, Ps = Pg(initiar) Otherwise, P = Pg360) )

Voltage Regulation: if VS(P4)>0; set the voltage to the minimum;
If VS(P;)<O0; set the voltage to the maximum.
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Thanks for your attention!

Any Questions?



