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  . Consequently, single pole operation is possible for .” Power grids are complex networks and the simplifications in the single-pole-powerflow formulation are only valid in certain regimes of network parameters. For example, using the FEM to solve the single-pole-powerflow formulation could be possible in network configurations with only a few nodes, but the model would become inapplicable for
more complex network configurations, such as those considered in this paper. In addition, power grid models with multiple-phase power flows are too complex for the single-pole-powerflow formulation to be utilized. Thus, the single-pole-powerflow formulation is only valid in the following regimes of network parameters: (1) the line parameters are small, (2) the line parameters are large, (3) the

network topology is sparse, and (4) the network topology is dense. The objective of this work is to develop methods to extend the single-pole-powerflow formulation to power grids with multiple-phase power flows. Multiple-Phase Power Flow ------------------------- In the single-phase powerflow formulation, one phase of power is assumed to flow through the circuit and the DC power is obtained from
the following equation: $$\label{eq:single_pole_powerflow} P_{dc} = \sum_{i \in \mathcal{P}_L} G_i x_i + \sum_{j \in \mathcal{P}_R} G_j y_j.$$ In the multiple-phase powerflow formulation, several phases of power are assumed to flow through the circuit. In this paper, the $N$ phases of power are divided into $N$ flow regions. These $N$ flow regions represent the $N$ phases of power in

the circuit. Since the single-phase powerflow formulation models only one phase of power, the single-pole-powerflow formulation is valid in any one flow region. Consequently, the single-pole-powerflow formulation is also valid for the multiple-phase powerflow formulation. This implies that the model in [@spmf_pf] for the $i$-th phase of power can be utilized to solve the multiple-phase
powerflow formulation. Thus, the objective of this work is to develop methods to extend the single-pole-powerflow formulation to power grids with multiple-phase power flows. [ 82157476af
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