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Introduction Time Simulations

Driven by the need for more accurate representati?]ns of rrodern EIGCI:UL(I:f?ridS, power Integrator Trajectories
system models are incorporating more quantities that evolve on vastly different time- e Traiectories of the full model can be abpproximated b . .
scales. One manifestation of this arises Iin power systems interfacing with high voltage Carj1didate Trajectories o g CP:Z:lfgirg;?Q(t:reageEgtnoii:;ehz?/zar;e:rte\/\gt:hc;?;gtg spt(;\iveer Systems
direct current SyStemS. The common approaCh IS tO perfOrm a hybrld or tandem e Candidate trajectories are concatenations of Subsystem 0IeCtioNns OfJfaSter fme-scales
simulation of a transient stability model and an electromagnetic model. The work here trajectories. Pro)
proposes a multiple time scale formalism for interfacing these two models and analyzes + Subsystem trajectories can be computed
the framework numerically using two power systems: a 3-bus test grid and the 2224-bus « using efficient numerical methods suited to the . o : .
Great Britain transmission network. struc?ture of the subsystem 0.1 D?wa.tmn frt?)m !I‘ngratllng .Pnl.nt
* quickly due to high dimensionality reduction
constraining algebraic equations nd

Full Model . Singular equations — switch to faster subsystem 2 008 _
» Three variables on separate explicit time scales: * Equilibria in subsystem — switch to slower subsystem <

 x: slow, mechanical (swing angle, frequency) S |

 vy: fast, electromechanical (g-axis and d-axis voltages, voltage exciters) Implementation i 1

« z: hyperfast, electromagnetic (network voltages and currents) « Add-on package to Federico Milano’s Power System E 0 II.',” HTIYTTTR IO
* Two explicit time scale parameters: Analysis Toolbox (PSAT) S | f_||| il | ||I'||||"4|':' 'r'l |||| 'IF"I,J".JH I\ WM manassamy

* &:separation (ratio) of time scales for slow and fast states » Parallelizable using MatLab’s Parallel Computing Toolbox - \' a

* 1. separation (ratio) of time scales for fast and hyperfast states « Constrained DEs solved using an Implicit Trapezoidal Rule B
 Assumption: hyperfast states reduce any network equations to pure differential » Pure DEs solved using an 8" order Dormand-Prince 0.05 S —

equations (DES). method. 0 2 4 B B | 10 12 14 16 18 20
x =&ef (x,y,z) » Results obtained using a computer operating with an Time (s)
}7 — g(x, y, Z) InteI(R) Core(TM) i7-67OOHQ processor and GeForce Fig. 1: Generator response to perturbation of 3-bus microgrid.
nz = h(x,y, z) GTX 960M GPU

Subsystems

* Slow subsystem:
 Rescale time: t — t/¢, then consider the limit: € - 0
» Fast and hyperfast vector fields can be simplified to algebraic constraints.
» Constrained DE: dynamic x, algebraic (y, z)

x =f(x,y,z)
0=4g(xy,z)
0=nh(xv,2)
» Fast subsystem:
 Consider the limit: € - 0 -

» Slow variables become constant and hyperfast vector fields can be simplified to Load
algebraic constraints.
« Parameterized, constrained DE: dynamic y, algebraic z, constant x
x =20
y=9xy,7) i | ’
0= h @ Functions for Network-Preserving Power System Models”.

. : Fig. 2: The 3-bus microgrid. Fig. 3: The 9994-bus Great Circuits Syst Signal Erocess vol. 24, pp.363-383, 2005.
Hyperfast subsystem Britain transmission network. * V. Venkatasubramanian, H. Schattler, & J. Zaborszky, “Fast

Test Cases

Future Work

* Phenomenological study of power systems through
formal model

* |ncrease computational performance (local Y-bus
updates, improve matrix construction, etc.)

* Extension to long-term stability models (inclusion of
slow discrete subsystem)
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