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* Basic theory of STATCOM

* Main components of STATCOM
* STATCOM control features

* STATCOM operation
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DER Short Circuit Current Contribution - IEEE1547

IEEE 1547a:2014 —Default Paramters

Voltage Range (% Nominal)

0.160
1.0
2.0
1.0
0.160

45.05 V< 60.0
60.0< V< 88.0

110.0<V <120.
Vv2120.0

Trip Time (s)

Mandatory Momentary Cessation
Operation
V>70% 0.7s V<50% 0.16s
V>65% 3.0s V<30% 0.16s
V>50% 10.0s V<50% 0.083s

IEEE 1547:2018 —Default Parameters

Category

« |EEE1547:2018
- Mandatory Operation: Must remain operational and continue to output power for the given time

- Momentary Cessation: Must cease outputting power within the given time

1(kA)

SheE
WM

]
e

1(kA)

-y

[

O fm——

(]

150

200

Fault 1=0_

0.5~10ms

40~50ms

Most feeder faults will result in voltage collapse on faulted phase(s)
Inverters should trip in most cases, but will take up to ten cycles
May not trip in response to nearby high impedance or distant faults

=iBtE:REE

SG ) RES ) (Definition )

Sub-Transient = Sub-Transient  Before RES control
. Stage »| response, only
(For conventional Transient Stage C"fiz;'mm;::':m
protection design) 116

Internal control
and protection
 begin to react,

) regulating RES

100~150ms|- Transient Stage = e = e e = e = output.

Fault Steady RES output

Stage »  reachesto
200~300 MS |- wm o o o 2 o om0 e o o wm e UASI-SCQY StatC.

Fault Steady | imited duration of
y Stage RES fault-ride-
through

100

7 (ms)

(b)
Fig. 1. Field recordings of RESs’ fault currents. (a) PV: (b) DFIG-based
WT.

Source:

: Review on Renawable Energy Source Fault Characteristics Analysis

Tianshu Bj, Fellow, IEEE, Member, CSEE, Bin Yang, Student Member, IEEE, Ke Jia, Senior Member, IEEE, Member, CSEE, Liming Zheng, QianLiy, and QixunYang, Fellow, CSEE
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Grid-Following(a) Vs. Grid-Forming (b)

-

‘j: ( HZJ —*P P-f droop Hf‘ Voltage

Advanced 'L

Pour 4
g | G o] o [X O avamer Yy [
Pavail i -
Kuf
dbo[
p i | . 60 Hz
set :‘_!
dbu[ KOf
P min '
.
.
f( Hzl : P out
60 Hz Pmin __ Pset Pevail
(@) ~(b) 27

GM-IBR T)Z=Ed 3R {55

Max Control

Min Control

Fig. 10: Power limit control for grid forming inverter.

60
1. —— Inverter
112 ——Generator 599
1.1 ~ 598
= z
2108 =507
2 1.06 §
596
G 104 g
“
1.02 505
1 594
298 593
10 15 20 25 10 15 20 25
Time (sec) Time (sec)

Fig. 11: Simulation of GFM inverter operating at its power limit (1.02 pu):
Power and frequency time responses for 5% load increase at time t = 11 s.
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Fault clearence time (s)
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29

R EHZIRERFREENEE

Electrical system factors Generating set factors

Defined shape of the voltage dip Rotating inertia

Defined absolute level of the voltage dip Generator reactance

Defined fault type, (1-phase, 2-phase, 3-phase) Excitation system design and AVR control
Defined fault clearance time Engine response and control

Defined fault location
Grid strength and topology
Active and reactive power conditions prior to the fault

Active and reactive power requirements after fault
clearance
Load characteristics
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Figure 3-3: Basic configuration of a Type Ill double fed wind turbine generator.
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Figure 6-6: Type Ill WTG double fed short circuit representation, crowbar activated.

Is=1.1pu->2.5pu

@

Figure 6-7: Type Ill WTG double fed short circuit representation, crowbar not activated.
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Figure 3-24: Short-circuit current from a Type Il wind turbine generator for a fault reducing

the voltage at the unit step-up transformer MV terminals to 20%.
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N
I;: Generator Is=1.1 pu
V

Figure 3-4: Basic configuration of a Type IV full power converter wind turbine generator. Figure 6-8: : Type IV WTG full power converter short circuit representation.
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t, = %-TWLPT

LL-FL rwrer

tr

where:

1TiRRE

FL is the distance from the local relay to the fault in

kilometers or miles.

LL is the line length in kilometers or miles.
TWLPT is the TW line propagation time in

microseconds.

t. and tg are the arrival times at the local and remote

terminals in microseconds.
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Source: Fault Characteristics of Distributed Solar Generation
GefeiKou, Member, IEEE, Le Chen, Philip VanSant, Member, IEEE, Frandisco Velez-Cedeno, Senior Member, IEEE, YiluLiu, Feliow, IEEE
Feeder Breaker Fault 600 =,
5 4()(! —Il,
Utility DER = w. I
POI Recloser z L
Fig. 1 Simplified System Schematic % 200 ]
Table 1l_Fault type and voltage ~400
Case Fault Fault Pre-fault Site 600 :
Number Type Voltage (pu) | Current (A) Name " :‘:::(»1 2 223 s s 494 49.45 49.5 49.55
! ACG 0.47 52 C Fig. 2 Instantaneous phase current of Case 4 . Time (5)
2 BG 0.05 322 P 00 Fig. 4 RMS sequence current of Case 4
3 AB .53 172 =] s
4 BG 35 268 00 7 %
5 ABCG 19 104 = 5 ;
6 BG 32 40 i < o2
7 BC 55 69 - 2
- 0
I 100 _S 15
“10
.I"’ l’l‘m."ﬂ ¢ 4935 494 49.45 49.5 49.55 5
L1} 1] 19.35 9. 9,45 9.5 9.55
’, N [| M Y Dt Time (s) >
206 B o Fig. 3 RMS phase current of Case 4 4935 494 4945 49.5 49.55
5 | T Time ()
o Ll " Fig. 5 RMS phase voltage on the solar inverter side of Case 4
10 Wtngle Difference 2
[} I_ l [N II .
L]
0 .-l g [ ]| » 15 .’
Cascl Coe2 Cmed Cned Came$ Caxcd Cmc? e b 3 o -'
Fig. 7 Steady-state phase fault current Flg# Annrpmmndmlugemmhw ES -?_ 1 w,
<4 4
Table I Distributed solar g site infc =
1 2 05
Site Name | Voltage kV X Electqcal X MVA “
distance in mile Capacity
(&} 345 B 225 0 0
2 345 3.6 22.0 Casel Cae2 Camed Cmsed  Cascé Case2 Casc 4 Case § Casc 6
S 345 3.0 225 Fig. 8 Angle difference between positive sequence vollage and current Fig. 6 Transient fault response indices
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