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Fig.1 Relationship of multi-time granularity
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Fig.2 Flowchart of two-stage evaluation for FLVPP
dynamic aggregation flexibility
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Voltage and current proportional control for AC capacitor-less
grid-forming converter with fault current limitation
GUAN Minyuan,SHEN Jianliang, LOU Ping, LAl Jun,LI Fan, WANG Jianfeng
(Huzhou Power Supply Company of State Grid Zhejiang Electric Power Company Limited, Huzhou 313000, China)

Abstract: By introducing the voltage and current proportional relationship, a capacitor-less vector voltage
control is proposed for the high-voltage grid-forming converter. A cascaded control architecture is composed
of the proposed outer-loop voltage control and conventional inner-loop current control. The positive-current
limitation and negative-sequence current suppression capabilities are retained to prevent the converter from
over-current blocking and damage during grid faults. Unlike the conventional outer-loop voltage control, the
proposed voltage-current proportional control is developed irrespective of the AC-side shunt filter capacitor,
which is suitable for outer-loop voltage control of the high-voltage grid-forming converter. By selecting the
specific AC voltage frequency reference,the grid-forming converter can realize either constant voltage opera-
tion or virtual synchronous generator (VSG) operation. The time-domain simulative results show that the
negative-sequence current suppression and fault ride-through capabilities are automatically realized by the
proposed converter control during grid faults. Moreover, the grid-forming converter is prevented from over-
current blocking and damage,and can be restored to the normal operation condition when the grid fault is
cleared.
Key words: capacitor-less vector voltage control; grid-following; grid-forming; electric converters; voltage and

current proportional control;virtual synchronous generator;fault ride-through;unbalanced
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Multi-time granularity robust evaluation method for

flexible load aggregation flexibility
WANG Guangrui'®, LI Zhengshuo'?,LIU Congcong'"
(1. School of Electrical Engineering,Shandong University,Jinan 250061, China;
2. Key Laboratory of Power System Intelligent Dispatch and Control of Ministry of Education,
Shandong University, Jinan 250061, China)

Abstract: For flexible load virtual power plant(FLVPP),the robust evaluation method of dynamic aggregation
{lexibility containing intra-day rolling time window, dispatching cycle,and minute-level multi-time granularity
is proposed. The necessity of multi-time granularity evaluation is analyzed. The robust evaluation model for
maximizing multi-time period aggregation flexibility is constructed, which takes into account the effects of
multi-time period coupling, power network congestion, variation of load operating state during the dispatching
period, and time-delay response. This model is a decision-dependent uncertainty optimization model, which
can be transformed into a conventional two-stage robust optimization problem using mathematical transforma-
tion,and an iterative solution strategy based on nested column-and-constraint generation algorithm is designed
for the problem of binary variables existing in the second-stage. Case study analysis verifies that the pro-
posed method can evaluate the aggregation flexibility of FLVPP more accurately than the existing methods.
Meanwhile, the necessity of considering the power network constraint in evaluating the aggregation flexibility
is verified,and the computational performance of the algorithm is demonstrated.
Key words: flexible load; virtual power plants;robust optimization; multi-time granularity ; decision-dependent

uncertainty ;nested column-and-constraint generation algorithm
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(MP) mincy +y
st. Ay>b
n > dx, (E1)
Ex, +Gz, > f — R(D +diag(u,)L)y
neR,x, R’z eBY, V1<I<k
(SP) Q(y) = maxmindx

st. Ex+Gz> f —R(D+diag(u)L)y (E2)
xeR",zeB"
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BRI RN @ ={z"|2eB Y, £h, A UREENRF— D HFD 5 2 st Y SP[R)& ([ z f5 SP
Do RS R R ) EHEATR AR, H AR AT LIORAT SP YA, PRI, SP RJESEA Ty«
Q) =maxo
st. 0< r‘nxin{dxr :Ex, +Gz, > f —R(D +diag(u)L) ¥} (E3)
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(SP1) Q(y) = max @
st @<dx,
EX, +Gz, > f — R(D +diag(u)L)y
E'z <d’ (E4)
x (d"-E"z,)=0
7, (Ex, +Gz, — f + R(D +diag(u)L)y) =0
ueU,x, eRP,z, eB%z, eR”,1<r <k’
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Fig.F1 Network structure of FLVPP
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Table F1 Parameter setting of thermostatically controlled loads in simulation
B B BEURKW  HREIKW - h - oCh) HRBHCC - kWY BEEeR
23 40 2.5-3.6 1.5-2.5 1.5-2.5 2.5
HBESL 60 45-6.5 1.5-2.5 1.5-2.5 2.5
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Fig.F2 State sequence of thermostatically controlled loads
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Hi Case G1 #7100 MR . 2 MEREBE A M 4 DMLV A LB ME, Case G2 4L E 100 4~
RES T 2 DMERE A 2 SR E T
3 G1 Case G1 HiER &k EFE @MY L TR

Table G1 Number of iterations and upper and lower bounds of master problem in Case G1

A REL 1 2 3 4
T Foo 4.2609>10° 5.7909%10° -910.53
T -0 -1200 -910.53 -910.53

3 G2 Case G2 HiER &k EFE @By L TR

Table G2 Number of iterations and upper and lower bounds of master problem in Case G2

TR 1 2 3 4 5
T Foo 8.3188x10° 4.8874x10° 8.7960x10° -295.65
T -0 -1200 -640 -355.65 -295.65
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