
1. Controllable ZIP Model

This work employs demand
response to improve voltage
stability via virtual spatial shifting
of loads. The total load is kept
constant so that frequency stability
is unaffected.

Proper load models are particularly
important in stability studies. The
load models we use in this work:
ZIP and Induction Machine Figure 1: Conceptual description of the problem 

1. Jacobian matrix

2. Formulation

3. Solution approach: Iterative linear programming

Figure 4: The nominal and optimal SSV for different ZIP cases 
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2. Induction Machine Model

3. Composite Load Model

Figure 2: Steady-state equivalent circuit of a IM

smallest singular value of the 
power flow Jacobian

Total flexible demand is constant

AC power flow equations,
Generator P, V are fixed

Operational limits

Figure 3: Power as a function of the slip

Figure 5: The nominal and optimal SSV for common DR

Table 1: Optimal loading patterns and SSV

IM at Bus 14 ON

IM at Bus 14 OFF

Figure 6: Convergence of SSV and real power demand of the DR if IM 
at bus 14 is disconnected at low loading

Figure 7: The nominal and optimal SSV of conventional Jacobian matrix
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