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SECONDARY DISTRIBUTION SYSTEMS

Example of Spot
Network

e A spot network is commonly applied in high
load-density areas such as metropolitan and
suburban business districts.

Reverse Power is not Allowed in these
systems according to IEEE standard and
industrial practice due to the limitation
of Network Protector device

e Spot networks frequently used to serve a single
or multiple customers in a building.

e Spot networks will have two or more feeders and

two or more network protectors that networked | Utilty Substation ]
together at an electric consumer’s site. o o o o
ML T ML
| | | | e ==
- - bommmmm e oo ¢ Area/Grid networks serves downtown areas 1 J M ]
[ wvcrom sveaner (&  meverse power Reay Funcson across U.S. , have redundant feeders and Network A T Lo
€ warcrneeme eraung neoy Protectors and may serve hundreds to thousands I e
(= of customers. i |
/T
e Area networks may include as many as ten 3
network protectors to more than a thousand
qetwork protectors and served by three to thirty- Example of
five feeders. Area/Grid
Network
F:1-N |
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Network Protector Existing logic

Network Protector job:

oot 3 Open when Medium Voltage circuit Breaker (MVCB) opens
Sistrbution o~ § Close when Medium Voltage circuit Breaker (MVCB) closes
Substation
1 (18) § Network protector open logic:
> toad | MVCB opening results in a back-feed and reverse power from
2. Open MVCB 3. Open NP i
/AF) 30 V8, % the other feeder N
N E | Reverse power equals to abnormal condition
j .
Network protector reclose logic:
If system recovers, no reverse power should exist:
é l l i l 51 (substation side’s Voltage angle) > 52 (Load side’s Voltage angle)
1. Temporary fault Other Loads
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Problem Statement 1 - Unintended Tripping

Problem: Current Solutions:

o Network protector (NWP) logic requires tripping upon
detecting a smallest reverse power to avoid back feeding a

fault or a deenergized feeder. In other words, reverse

power is equal to abnormal condition. 2
@)
o Reverse power related to the more than adequate generation -
results to unintentional tripping and leads to interruption of 2
service for thousands of highly critical loads 8
. e0]
s Generation > Load Demand C
=)
oot ] Reverse Power Flow — — 1. ‘. : ‘2
MVCB
— st on of PV x
28’\“;?::1\BI' :ro‘l‘::’tg(r m
Substation Load |t ‘
PV
Distributi Network
_— Transformer Protector —
Feeder 2 Load + ‘
MVCB - PV

Reverse Power Flow
MV loads
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Value Proposition for Problem 1

1
; I
Net-Zero Carbon, Interconnection IL.ltiIity :
. . request Rejection imitations
Sustainability mandates and Other g ) :
e - Loads T !
Renewable Inltlatlve i Network 1 Since Reversei
I % Protector : Power is not |
| 1 Jallowed i
Distribution N . : HC Ay — !
Substation 8 < : i
1 I :
! I :
[ ! I !
: K :
| i :
2. Open MVCB | 3. Open NP : !
] ; % C IO I :
: 3 C 1 ‘ Y I :
e : s
Non-Wire Alternative i I i
(NWA) Mandates C :
__________________________________________________ boooes R
I
. o . o 1
I
Limitation in DER l l l l :
hosting capacit 1
i g cap y Other Loads I
E-T-N -
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Problem Statement 2 — Unintended tripping and Reclosing Problem
On Systems Fed from Two Different Substations

Problem:

MV loads
°
Normal power flow direction
> Load
WvCB
—_— Distribution Network
1 —D_ Transformer Protector
“ Load
Circulating current o
[
MVCE
on 2 _D D Network
— Transformer Protector >
l Load
Reverse Power
WV loads ‘

Value Proposition:

Increase reliability by using Spot Network and NWP.

Cost reduction due to the elimination of the Transfer Switch and
associated protection/communication.

Ease of operation using Spot Network
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After 9/11 the security requirements for critical
infrastructure such as Hospitals, Data centers, and Airports
requires feeding those loads from two separate
substations.

Voltage magnitude and angle difference due to the feeder
head voltage difference will result in circulating current
and unintended Tripping since one of the NWP will see
reverse power!

Because of the voltage angle difference in the systems fed
from two substations, NWP also fails to reclose
automatically!

Currently, because of their limitations NWP and Spot
system cannot be used for critical loads.



Fundamental concept of the new logic :

Eaton Solution

* System has Loop structure in normal condition, Radial structure in abnormal situation

Distribution
Substation

Electrons behave differently in Loop system compared to Radial system

Detecting system structure is the indicator of normal vs. abnormal condition

Other

Normal condition- Loop Structure

Loads

4.7

Network
Protector

I— Load
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Loads

ﬂi%ij

Abnormal condition- Radial
Strudiuge

Network
Protector

— Load




Eaton Solution (Cont.)

New logic:

* When MVCB opens (Abnormal condition), system has a radial structure and according to the KCL, the entire reactive power
injected by the capacitor will be the source of reactive power consumption on the network/load side. Therefore, the reactive
power flow of the load side will remain constant while the reactive flow of the source/transformer side will change exactly by the
amount injected by the capacitor bank (right figure).

* During normal condition where the feeder breaker is closed, system has a mesh structure, and based on the KCL ,the reactive
power injected by the capacitor bank will be divided based on each side’s impedance, so both side will see change in their
power flow (left figure).

Loop structure Radial structure
Other
Loads Network
I Prulez:lurQF2 — Qg
B I g C . Ve s S a— Feeder  Distribution Proposed
3 ‘ Breaker Transformer NWP
Distribution e QL _QC :-__________de,_
Substation | — L Substation I_. gg : IO :'—* | > LV Loads
Qr1 — Qc1 % ?ﬂ‘ _Q_cg | ! |
e ;&%]oc.
Sl T | |
! Capacitor | |
) IQC = Qc1t Qc2 : Bank 1
I
MV : ___________ |
Capacitor Loads

i Bank
| o Other Loads
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High DER Penetration (Problem 1)

B MaM : 20% PV Penetration = B MaM : 90% PV Pénetration -]
3-phase, 4-wire IV network HV/MVl 70_-P_Ioad_51 | = psolar_UNS9 | SU_HD_Ioad_sl = Psolar UN5Q -| =
substation o T T
i : —
O ﬁ 30 60 ——
Fuse NP:Q: 21, 50 PN \\
) —lg I 40 \\ l/
= O =p_NWP_36 |=Q nwe 36 £ = P_HWP_36 |=0 nwp 36 |
Lo, @ = 50 == 10.0 5
' N “ 50 N~
[ O . < T -';g ! S0 i
|E"’_®_ o % 10 -10.0 i 1
% r—\; 0 -13.0
[m] [m] = 10 -20.0
'lE-e’_@ = L g PR 7 [=0 nwp 47 5 10,0 2PNWP_27 |=0 twp 47
o B @ - N
! 40 0.0 ”
: 30 L 5.0
Learnings and take away: . oo T
H 0 .
. . . 5 a0 ~_ -20.0
* Loop detection logic successfully proven to be effective 120_-pr_35_; T o5 o N op " 1WP_36_CB = BRC GAOS | BRK_GAD2 = WP 47 (F
y \ 1.00
on both area networks and spot networks. b { ) L.90
0.60 .
« Testing results proved the robustness and scalability. C40 A\ -/ 020
L . 0.00 \Q_?‘ | o
» Patent application, VOC and market study is underway. 20
1 New Logic trip and reclose properly with New Logic properly detect reverse
the opening of substation CB power due to DER and won’t trip
The concept has been proved in simulation and the
E: TN robustness of the solution is under study
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Systems Fed by Two Substations (Problem 2)

HVIMV HV/MV
substation ' substation

B @

NP Fuse Fuse NP,
O O
[m] [m]
O |

Learnings and take away:

Loop detection logic successfully proven to be effective on
both area networks and spot networks fed by two
substations.

Testing shows promising results for robustness and
scalability validation.

Patent application, VOC and market study is underway.

The concept has been proved in simulation and the

MaM : 80% PV Penetration -] MaM : 20% PV Penetration -
=P _joad_51 = Psolar_UNS9 | A =p_joad_51 = psolar_UNs9 | M
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1.20 1.20 1
N
1.00 N 1.00
0.80 0.80
0.60 0.60
0.40 0.40
0.20 0.20 \
0.00 0.00
020 — .,/ = 0.20 N ~ r/ o

Old Logic fails to reclose due to the
voltage angle difference of its two sides

E: TN robustness of the solution is under study
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New Logic properly trip and reclose
voltage angle difference of its two sides
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Eaton Solution Validation in the Lab

e Network Protector rating

MVCB-1 MVCB-2
e 10/29A, 415V (L-L) C1 Switch
e Load rating
Load L2
e |2=40kW, L1=1.5kW
NWP_1 NWP_2
e (Capacitor Bank rating:
° 5kVAR, 415V(L-L) Spot Load BUS  pte———
e Autotransformer —415V, 40A "= —
e Used as Source to create reverse BB 2
power flow Solar PV Generation
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Eaton Solution Validation in the Lab (Pictures)
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Eaton Solution Validation in the Lab (Results)

PV based reverse current

— WPl — NWP_1Q_load
5.0 — NWP_1
s 10 g >
& g5 2 1.0 l l
* 56 %0 L——‘ .
-11.0 & testlng.

i
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—— NWP_1Q_Capbank

13.0
7.0 !
1.0 °
-5.0 '
—— P_Solar - P_Load
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N »
o °

-11.0 0.0 -
256.0 T
—— NWP_1Vt p_mag
—— NWP_1V
S 207:0 = 0 —— NWP_1 Fast Trip Signal
E 158.0 —— NWP_1 Slow Trip Signal o
£ 109.0 F
o
= 60.0 —— NWP_1 Trip Flag
11.0
Open —— NWP_1 BRK Status
—— NWP_2 BRK Status
F
T —— NWP_1 Reclose Signal
—— NWP_1 Reclose Flag
Close F
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13:24:30 — Start, Both device ON,
Feeder 1 is ON

13:26:30 — PV power increased
* both device see the change
« Test activated, No trip
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Smart Low-Carbon Urban Networks

Problem 1:

Generalion > Load Demand
1oty Network protector (NWP) logic requires tripping upon

_-,, ‘ detecting a smallest reverse power to avoid back feeding a
b
N

fault or a deenergized feeder. In other words, reverse

+ ‘\ power is equal to abnormal condition. Eaton Solution:
+ ‘ Reverse power related to the more than adequate ° New Iogic that differentiate between normal reverse

; eneration resuilts to unintentional tripping and leads to and reverse due to system abnormal events
W hais interruption of service for thousands of highly critical loads

*  Cost-effective and easy to implement

Problem 2: .
*  Allow up to 100% reverse power in system
After 9/11 the security requirements for critical

infrastructure such as Hospitals, Data centers, and Airports o areas . . .
requires feeding those loads from two  separate Help utilities to meet their Sustainability, DER

| _Loma et substations. integration and Low-Carbon initiative mandates.

wes
—_— Disteuten Network
Substaton 1 L Transtormer Predecior

—_— Voltage magnitude and angle difference due to the feeder ° Retrofittable to existing equipment
reting srrent > E head voltage difference will result in circulating current
— o . and unintended Tripping since one of the NWP will see . - .
e ] e = - | prine *  Increase reliability by expanding use of Spot
l reverse power!
Reverse Power N etWo r_ks )

Because of the voltage angle difference in the systems fed
from two substations, NWP also fails to reclose | o  Applicable for MV feeders and critical infrastructure

automatically! . i
such as Hospitals, Data centers, and Airports.

E;I .N Currently, because of their limitations NWP and Spot
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