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ABSTRACT

Voltage, system frequency, and line loading are critical for power system security, especially under severe
N-2 transmission line outages. Such contingencies can cause voltage violations, branch overloads, and
frequency deviations, threatening system stability. Conventional contingency analyses are largely
diagnostic and lack systematic corrective actions. This paper proposes a innovative multi-phase generator
re-dispatch framework to mitigate operational violations following N-2 line tripping. A base-case AC
power flow is established using MATPOWER, and N-2 contingencies are simulated by removing selected
branches, generating during-contingency states with limit violations. An AC Optimal Power Flow (OPF) is
then formulated to re-dispatch generators while enforcing voltage limits, generator capacities, and line
thermal ratings. The fmincon interior-point solver was proposed and integrated into the framework to obtain
the solution. System frequency deviation is analytically estimated from active power imbalances, enabling
steady-state frequency assessment without dynamic simulation. Results on IEEE 14-bus and IEEE 118-bus
test systems show all buses achieve full voltage compliance (100%) for all 8 cases, with the highest
improvements of 78.57% for voltage, 16.67% for branch overload relief, and 0.166Hz for frequency, while
maintaining execution times below 4.5 seconds, demonstrating a efficient and scalable decision-support
tool for enhancing power system resilience.

KEYWORDS: Decision support; N-2 contingencies; Optimal power flow; Corrective redispatch; Voltage,
frequency, and line limit restoration

1. Introduction

Voltage magnitude, system frequency, and transmission line loading must be maintained within
prescribed limits to ensure secure power system operation, particularly under severe contingencies such as
N-2 transmission line outages [1]. The simultaneous loss of two transmission elements can significantly
alter power flow patterns, causing voltage deviations, thermal overloads, and degraded frequency
performance [2]. If unmitigated, these violations may propagate and increase the risk of cascading failures
or widespread instability. Voltage instability under contingency conditions is mainly linked to reactive
power imbalances, insufficient local voltage support [3], and increased losses, potentially driving bus
voltages outside the acceptable range of 0.95—1.05 p.u. [4]. Similarly, active power redistribution following
outages may overload remaining corridors and violate thermal limits [5]. Although conventional
contingency analysis tools effectively identify violations, they are largely diagnostic and provide limited
corrective guidance [6], [7], [8].

These challenges are intensified by growing system complexity and high penetration of inverter-based
renewable energy resources. Unlike synchronous generators, solar PV and wind sources provide limited
inertia and reactive power support, complicating voltage and frequency control during disturbances [9].
Moreover, high network interconnectivity increases vulnerability to cascading overloads under N-2 events
[10], [11]. Preventive methods such as SCOPF mainly enhance pre-contingency robustness but do not
explicitly address post-contingency recovery. Consequently, corrective redispatch frameworks have
emerged as practical solutions for restoring secure operation [12]. With advances in nonlinear
programming, AC-OPF can re-dispatch generation while enforcing operational constraints, restoring
voltage and frequency profiles and relieving line overloads without time-domain simulations [13].

Therefore, this paper proposes an innovative multi-phase corrective redispatch framework for restoring
voltage, frequency, and line limits under N-2 contingencies. The approach integrates MATPOWER-based



contingency simulations with AC OPF re-dispatch solved using the fmincon interior-point algorithm.
System performance is evaluated at three stages (pre-contingency, during contingency, and post-redispatch)
to compare voltage profiles, line loading, and generator outputs. Steady-state frequency deviation is
analytically estimated from active power imbalance to provide integrated frequency adequacy assessment.

The remainder of the paper is organized as follows. Section 1 reviews related work. Section 2 details
the proposed methodology. Section 3 presents simulation results. Section 4 concludes the study and outlines
future research directions.

1.1 Literature and Research Gap

Power system operation has long been based on the N-1 security criterion, requiring acceptable
performance after any single outage [14]. However, major blackouts such as the 2003 North American
event [15] and the 2006 European disturbance [16] showed that cascading failures often stem from multiple
outages. Blackout statistics follow power-law behavior, underscoring the high impact of rare N-k events
[17]. Thus, modern standards increasingly address instability and cascading risks under multiple
contingencies. OPF minimizes generation cost subject to nonlinear power flow and operational constraints
[18]. Security-Constrained OPF (SCOPF), including Preventive (PSCOPF), Corrective (CSCOPF), and
hybrid (PCSCOPF) forms [19], explicitly models contingencies. PSCOPF is conservative and costly, while
CSCOPF allows post-outage corrective actions, improving flexibility for severe N-2 events. Yet, SCOPF
for higher-order contingencies faces scalability and modeling challenges in large systems [20]. Generator
re-dispatch is a practical corrective measure for relieving congestion, restoring voltage, and maintaining
security [12], and is easier to implement than topology reconfiguration [21]. Most re-dispatch studies focus
on N-1 or separate voltage and congestion issues [22], while topology-based methods introduce mixed-
integer complexity [23]. Frequency stability, affected by active power imbalance [24], is often overlooked
in steady-state contingency studies [12], [25], [26].

Recent work spans metaheuristics [27], dynamic grid strength assessment [28], sensitivity-based
methods [29], and evolutionary ranking [30], but many remain limited to N-1 [27], [26] focus on screening
rather than mitigation [30], [31], [32], or rely on computationally intensive formulations [28], [33], [34],
[25]. Fast N-2 screening methods [31], [13] often lack explicit corrective strategies, and several robust
restoration approaches target distribution systems or long-term planning [35], [36], [25]. Frequency
adequacy is frequently treated separately [28]. To address high-order contingencies (N-2, N-1-1, N-k) in
renewable-dominated grids, advanced methods have emerged: PIGNN for accelerated screening [31],
Quantum Contingency Analysis (QCA) [37], FSFRA for rapid reliability assessment [13], and ML/GPU-
based prioritization [38]. Corrective strategies include Benders-based re-dispatch [34] and IVSI-integrated
corrective SCOPF [12]. Modern indices such as NCPI [39], DGSI [28], and MSAI [40] enhance stability
assessment, while resilience and security are strengthened through robust optimization [36], cyber-physical
defense models [33], topology control via MISOCP [26], regional case studies [40], [41], RoCoF-based
frequency metrics [42], adaptive inertia estimation [43], stochastic hybrid systems [44], harmonic-based
ranking [45], thermostatic load support [46], sequential failure tools [47], reliability equivalents and Monte
Carlo simulation [48], and spinning-reserve dispatch for dual threats [49]. Table 1 summarizes the reviewed
literature, while Table 2 provides a comparative analysis between the proposed framework and existing
state-of-the-art approaches.

Table 1: Summary of the reviewed literature

No Area Method Merit Demerit
- Hybrid CF-PSO- Improves voltage profile and High nonlinearity; costly if
[27] |  Voltage Stability Fuzzy AHP Joadability (N-1). misallocated.
. . . Captures transient/IBR tripping . . .
[28] IBR Grids DGSI (time-domain) effects Computationally intensive.
[29] AC-DC Networks Z—busf;iéstgrrlsutlon Linear, non-iterative, generic. ~3% current redistribution error.
[30] Transml_ssmn Evolut_lonary Effective critical line ranking. Exploratlon—explonatlon
Security algorithms imbalance.
[33] Infrasvtlfucture NFE C&CG Ngar-global defense strategy in Approximate lower-level modeling.
Resilience minutes.
[34] Relay Security Bender§. A.V Ol.d s unintended relay Runtime grows with contingencies.
Decomposition tripping.




[35] Distribution/DER GWO (T~1211;;)c)apacny, L losses Limited to radial systems.
[31] N-2 Screening Physwcs"—li]r]l\florrned 37x faster than simulations. Internal features lack exact physics.
s FSFRA . Storage pre-dispatch =80% error
[13] Reliability (DCOPF/ACOPF) 2000x faster N-2 analysis. source.
[36] Distribution Roﬁzzzﬁgﬁnd Sj:rf:;ces resilience in extreme Conservative solutions.
[25] Bulk Restoration B;;tei\rﬁlzra(zﬁ::t Reduces outage losses robustly. | High computational burden.
[32] Regional Planning FDPF + sensitivity :Z?énf?nsé contingency Inefficient for cascading outages.
. Identifies weak Steady-state only; topology
[39] Voltage Stability NCPI buses/loadability. sensitive.
[26] Tonology Control MISOCP + NLP Ensures AC feasibility & N-1 Requires pre-screening for
pology compliance. tractability.
Table 2: Comparison of the proposed solution against state-of-the-art approaches
System Limit Evaluation Corrective Action Benchmark | Benchmark
: . o . .
No N-2 Contingency? v P,Q MVA flv]|pq|Mvalf with small with large
system? system?
[34] X v v v v | v 4 X v v v
[12] v v v v X v v v x x v
[25] v v v v X v X v X x v
[26] x v v v x v x v x v v
[50] x v v x x | v v x x v v
[13] v x v v x x x x x v v
[33] v x x v x x x v x v v
[27] x v x v x v x x x v X
[30] X v X v x x x x x v x
[28] v v x x x | x x x x v x
[38] x v x v x x x x x v x
[51] v v v 3 v | v x x x v x
1; rolp‘t’,sed v vl v v vilivl]iv] v |v v v
olution

To address the identified research gaps, this paper presents an innovative and practical multi-phase
corrective redispatch framework that explicitly targets severe N-2 transmission contingencies and bridges
conventional steady-state contingency analysis with actionable operational decision support. The
originality of this work lies in its unified approach that systematically evaluates system performance before,
during, and after contingencies, while actively restoring voltage, thermal, and frequency security through
AC-feasible generator redispatch via OPF. An analytical steady-state frequency deviation assessment based
on active power imbalance is incorporated within the same workflow, enabling coordinated mitigation of
voltage violations, line overloads, and frequency deviations. The novelty of the framework lies in its
integrated, computationally efficient design, implemented in MATPOWER with an interior-point solver,
which avoids mixed-integer and dynamic simulation complexity and allows near real-time corrective
decision support. By structuring the analysis into pre-contingency, during-contingency, and post-redispatch
phases, the framework provides a practical and actionable tool that moves beyond preventive or purely
diagnostic approaches under severe N-2 outage scenarios.

2. Methodology

This research presents a multiphase framework to evaluate N-2 branch contingencies and corrective
generator redispatch on voltage, line loading, and frequency. Using MATLAB and MATPOWER 8.0 with
IEEE benchmarks, it sequentially executes base-case power flow, contingency simulation, and AC OPF-
based corrective redispatch.
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Figure 1: Core idea of the multiphases corrective dispatch.

2.1 Base Case Power Flow and Frequency Estimation

The first stage establishes the system’s normal operating condition by solving the steady-state AC
power flow using the Newton-Raphson method for its quadratic convergence and robustness. The power
flow equations are as (1).

f(X) = [Qicalc_ (;§pec -

1

calc Spec
Py p; ]_ 0

(1)

Where the state vector x = [0, V]T contains bus voltage angles 8; and magnitudes V;. Iterative Jacobian
updates match calculated active and reactive power injections to specified values. Base-case variables,
including generator outputs (Pg;, Qgi), bus voltages, phase angles, and branch flows are obtained, with
branch loading computed from apparent power magnitudes. Steady-state frequency deviation is estimated
via the aggregated imbalance model as (2) to (4).

Af = AP 2

~ 2Hf, )

AP = Pgen — Pload 3)
f= f, + Af 4)

Where f, = 50 Hz, H is system inertia, Py, is total generation, and Py,q is total demand. This provides a
steady-state frequency approximation suitable for contingency screening without dynamic simulation.

2.2 N-2 Contingency Simulation

In the second stage, system resilience under severe topological disturbances is assessed by simulating
N-2 transmission contingencies. An N-2 event is modeled by the simultaneous removal of two transmission
branches, represented as (5).

B’ = B\{lplz} )

Where B and B’ are the original and modified branch sets, and 1;, 1, are the outaged lines. AC power flow
is solved on the modified network to obtain bus voltages, phase angles, generator outputs, and branch flows.



Voltage violations and thermal overloads are identified against operational limits, and frequency deviation
is recalculated using the aggregated imbalance to evaluate system frequency adequacy.

2.3 Post-Contingency Re-dispatch via AC Optimal Power Flow
To restore system security after N-2 contingencies, a corrective AC-OPF is formulated and solved
using an interior-point method. The objective is to minimize generator re-dispatch as (6).

minp p, Z(PGi — P&’ (6)
ieG

Where Pg; is the base-case generator output and Pg; is post-contingency active power. The AC power flow
constraints, generator limits, bus voltage magnitude constraints and transmission limits are as (7) to (14).

P(V,0) = Z ViVj|Yyj|cos(8; — 6; — &) (7)
j
j

Pi(V: e) - Pi,spec =0 (9)

Qi(V: e) - Qi,spec =0 (10)

l:)min,i < l:’Gi < 1Dmax,i (11)

Qmin,i < QGi < Qmax,i (12)

Vmin,i < Vi < Vmax,i (13)

Sij < K Smaxij (14)

Where k represents a permissible overload factor if emergency ratings are considered. To solve this
constrained optimization problem, the Lagrangian function is constructed as (15).

LA =) + Xitg Aigeq,i(®) + 2521 Hj8ineq,j (%) (15)

Where geqi(x) = 0 are the equality constraints (power balance equations), Wjgineq,j(X) < 0 are the
inequality constraints (generator, voltage, and branch limits), A; are Lagrange multipliers associated with
equality constraints, and p; = 0 are Lagrange multipliers associated with inequality constraints. The
Lagrangian transforms the constrained optimization into a single function whose gradient must vanish at
the optimum, allowing iterative solution via interior-point or Newton-based methods. The interior-point
method solves the AC-OPF by iteratively updating the decision variables and multipliers. In the begining,
decision variables, x as (16) are initialized using post-contingency values.

X = [Pgi, Qgi> Vi » 6i] (16)

Lagrange multipliers A; and y; are initialized to small positive values. Then, computation of the Lagrangian
gradient is peformed using (17),

VLA 1) = Vi J (%) + X5 AiVx8eq,i(X) + X 1 Vi8ineq,j X (17)

Where V, is the gradient operator with respect to the vector of decision variables x. Then, the step update
is as (18),
Xpew = X — aH7 'V, L(x,A, 1) (18)

Where H; = V2 L(x,A, 1) s the Hessian matrix of the Lagrangian, and « is a step-size parameter ensuring
convergence and feasibility. The equality multipliers, A; are updated to enforce power balance and
inequality multipliers, | are updated using barrier or penalty methods to maintain feasibility (y; = 0). The



convergence criteria (19)-(21) are deployed to ensure the iteration continues until all constraints are
satisfied and the generator deviation objective is minimized.

VL] <€ (19)
8eqi(X¥) <€ (20)
8ineqj(X) < 0 1)

Where € denotes the norm of the gradient is less than the small tolerance, indicating stationarity (the
optimum has been reached with respect to x). After convergence, post-OPF results are recomputed using
Comp, as in (22). The post-OPF results ensure all bus voltages, branch flows, and system frequency are
restored within operational limits, completing the corrective dispatch.

Sijopt = /(pij)z + (Qj)?

Comp, = Vi_opfs Oi_opf (22)
Pei_optr Qai_opf
fopt =f (Pgen,opft Pload,opf: H, fo)

2.4 Pseudocode Overview and Operational Limits

A pseudocode workflow of the corrective AC-OPF process as depicted in Figure 2 is used to illustrate
the overall procedure clearly. The frequency, voltage and thermal limits should be controlled within the
tolerable ranges to prevent grid system collapse; therefore, their operational limits and base value are shown
in Table 3.

BEGIN %% STEP 3: AC OPTIMAL POWER FLOW (POST-
%% INITIALIZE SYSTEM CONTINGENCY)
Load IEEE bus system case (mpc) x = [Pgi, Qgi» Vi , 6] for all generators and buses
Set base frequency: f, Minimize J(x) = minpp, Yiec(Pei — P&)?
Set system inertia: H FOR each busiin 1...n
Define bus voltage 11m1t.s: .Vm.m, Vinax Pieairy = 2,1Vl |Vj|(GU‘ cos 8;; + By; sin 91_]_)
Define branch thermal limits: S,y jj _ .
o ’ Qica = ZilVil|V;|(Gyj cos 8;; + By sin6;;)
Define generator limits: Pyin i, Pnaxis Qmin,is Qman,i ENFORCE:
% % FREQUENCY ESTIMATION FUNCTION P — P =0
FUNCTION f(Pgen, Ploadl H, fO) Qleal B Ql,:spec 0
AP = SUM(Pyen) - SUM(Rigaq) ENDFOR 1
?f =f _+AZf/ (2Hfo) FOR each generator i
= TIo Pgimin < Pgi < Pg;
RETURNf QGl.,ml:H. < QGl. P QGl,r.nax
END FUNCTION ENDGLI:“n(;}{_ Gi = Y¥gimax
%% STEP 1: BASE CASE POWER FLOW .
. FOR each bus i
Solve AC power flow using Newton-Raphson: V.o <|V|<V,
FOR eachbusiin1...n min = Vil = Fmax
Solve. END FOR
) . FOR each branch i — j
Pcal = ZlVil| V| (Gj; cos 65 + By; sin ©;)) G = 2 T <ks
_ . i) =+ Pij)* + (Qij)* < K Spaxij
Qical = X;IVil[Vj] (Gyj sin 6;; + By cos 65) END FOR
Subject to: Initialize Lagrange multipliers A; for equality, y; for
Pical = Pispec = 0 inequality
Qical = Qispec =0 WHILE not converged:
END FOR Compute Lagrangian:
Compute generator dispatch: Pg;, Qg; L0, A0 =](x)+ ,1Tgeq x) + HTgmeq x)
Compute branch flows: Sy = /(Py)? + (Q;)? Compute gradient V. L(x, A, u) = V,.J(x) +
Corﬂpute SyStem frequency: fbase = Zi Aivxgeq,i(x) + Z/’ l'lj ngineq,j (x)
f(Pgen,basel Pload,baser Hr fo) Update X USing Newton Step: Xnew = X —
%% STEP 2: N-2 CONTINGENCY SIMULATION aH 'V L(x, A, 1)
Select contingency branches: 1,1, Enforce constraints and bounds
Remove contingency branches from network END WHILE
Solve AC power 'ﬂ_ow on modified network: Compute branch flows: S;; o, = /(Pi))? + (Qi)?
FOR cachbusiin1...n Compute bus voltages: V; opr, 6; opr




Solve:
P calcont = Zjlvi”le(Gij cos 0;; + Bj; sin eij)
Qi cal_cont = ZjlvillijGij cos 0j; + By; sin eij)
END FOR
Compute generator dispatch: Pg; conts Qgi cont

Compute branch flows: S cone =/ (Py)? + (Qy)?

Compute system frequency: f o =
f (Pgen,contv Pload,cont: Hv f0

Compute generator outputs: Pg; opr, Qi ops
Compute system frequency: fo; =
f (Pgen,apfr Pload,apf' H' fo)
%% STEP 4: OUTPUT RESULTS
FOR buses i:

Display V;, 6;
FOR generators i:

Display Pgi, Qgi> Pimin> Poimax> Qeimin> Qeimax
FOR branches i, j:

Display Sij’ Smax,ij
Display system frequency: fyase, feonts fopt
END

Figure 2: Pseudocode workflow of the proposed methodology.

Table 3: Operational limits of parameters

No Parameter

Value

1 l:)Gi,max' l:)Gi,min'
QGi,max' QGi,min

Defined according to generator capabilities (per IEEE bus model)

2 Vmin Vinax 0.95—1.05 p.u., 0.97 — 1.03 p. u. (stringent case)
fmin' fmax 49.5 -50.5 Hz

3 Base MVA 100 MVA

4 Base Frequency | 50 Hz

5 Inertia Constant Assume 5s

3. Results and Discussion

The proposed corrective generator OPF methodology was evaluated for scalability and computational
efficiency on two IEEE benchmark systems. The IEEE 14-bus system is a small-scale network with 14
buses, 5 generators, and 11 loads representing a simplified American Electric Power system (Feb 1962),
while the IEEE 118-bus system is a large-scale network with 118 buses, 19 generators, 35 synchronous
condensers, 177 lines, 9 transformers, and 91 loads, approximating the U.S. Midwest network (Dec 1962)
with assumed line MVA limits for contingency analysis. The framework tested voltage, thermal, and
frequency constraint handling under increasing network complexity. Computational efficiency was
measured using MATLAB’s tic — toc for the before-contingency, during-contingency, and post-redispatch
phases. Results show the method efficiently computes generator re-dispatch while maintaining operational
limits and minimal deviation from base schedules. Figures 3(a) and 3(b) illustrate the IEEE 14-bus and 118-

bus system topologies, showing generator and load locations relevant for N-2 contingency analysis.
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3.1 Results for IEEE-14 Bus Test System (Case: 1-4)

This section evaluates the performance of the proposed generator redispatch under multiple N-2 line
outages, based on voltage profiles, generator outputs, branch loading, and system frequency (Figures 4—
11). Figure 4 illustrates Case 1: outage of branches 1-5 and 2-5, with voltages constrained between 0.95—
1.05 p.u. During the contingency (Figure 4a), mid-network buses show noticeable voltage dips, while some
upstream buses exhibit mild overvoltage. Post-redispatch, voltages are restored uniformly within limits,
indicating effective spatial redistribution of reactive power. Generator outputs (Figure 4b) initially show
unequal burden, with one generator increasing sharply while others reduce output; redispatch balances
contributions, enhancing operational margins. Branch flows (Figure 4c) increase along rerouted paths
during the contingency but are reduced after optimization, showing that redispatch alone can relieve
structural congestion. A small frequency dip occurs during the outage (Figure 4d), which is corrected after
redispatch, promptly restore active power balance and support near-real-time corrective action. Case 2
(Figure 5) considers the same branch outages as Case 1 but with tighter voltage limits (0.97-1.03 p.u.).
During the contingency, voltage deviations appear more critical relative to the stricter bounds, and post-
redispatch voltages cluster tightly, showing recovery is constraint-driven. The system operates closer to
optimal voltage stiffness, enhancing insulation margins and equipment lifespan. Generator adjustments are
smaller but more numerous, reflecting a shift from corrective actions to distributed fine-tuning, which
increases robustness but requires coordinated response. Peak branch flows are lower than in Case 1, as
tighter voltage control reduces reactive circulation and indirectly mitigates thermal stress. Frequency
deviations are also slightly smaller, indicating that enhanced voltage discipline improves overall system
stiffness and supports frequency stability.
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Figure 5: Case 2: Outage of branches 1-5 and 2-5 (Voltage range: 0.97-1.03 p. u.).

Case 3 (Figure 6) considers outages of branches 12-13 and 13-14 with a voltage range of 0.95-1.05
p.u.. Voltage drops are more localized, primarily affecting buses near the radial ends. Post-redispatch
recovery is effective but less uniform than Case 1, reflecting the impact of contingency location. Fewer
generators participate, with the optimization prioritizing those electrically closer to the affected area,
enhancing control efficiency. Branch loadings increase noticeably during the outage, and while redispatch
partially relieves congestion, topology-dependent stress remains in radial sections. Frequency deviations
are similar to Case 1 and recover smoothly, indicating that system-wide power balance is maintained despite
localized stresses. Case 4 (Figures 7a-d) applies the same outages as Case 3 with tighter voltage limits
(0.97-1.03 p.u.). Voltage recovery is more constrained but less uniform than Case 2, revealing structural
weaknesses in electrically remote buses and highlighting the diagnostic value of strict voltage constraints.
Generator redispatch is more distributed, branch loadings are further reduced, and frequency deviations
remain minimal. While tighter limits enhance overall system security, they require greater coordination,
which the algorithm effectively achieves.
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Figure 6: Case 3: Outage of branches 12-13 and 13-14 (Voltage range: 0.95-1.05 p. u.).
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Figure 7: Case 4: Outage of branches 12-13 and 13-14 (Voltage range: 0.97-1.03 p. u.).

The proposed solution has been successfully to correct the power flow in terms of voltage limits, branch
limits and frequency limit during N-2 line outage across all the scenarios when bechmarked test with IEEE
14-bus test system. Different N-2 branches were trippend and voltage striction have applied but the
proposed solution performed outstandingly and successful to optimizing the power flow during
contingencies in deverse scenario.

3.2 Results for IEEE-118 Bus Test System (Case: 4-8)

To validate scalability, the proposed generator redispatch strategy was tested on the IEEE 118-bus
system, representing a realistic large-scale network. Figures 8-11 show that, during contingencies, voltage
deviations are smaller than in the 14-bus system, but redispatch involves more generators, reflecting
increased coordination requirements. Cases 5 and 6 simulate simultaneous tripping of branches 19-34 and
27-70 under voltage limits of 0.95-1.05 p.u. and 00.97-1.03 p.u., respectively. In both cases, post-
redispatch voltages remain within limits, generator adjustments are individually modest but collectively
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effective, and branch loadings are redistributed rather than fully eliminated. These results demonstrate that
the method scales efficiently through coordinated, distributed corrections, maintaining system security in
larger networks. Following the analysis on the IEEE 14-bus system, an N-2 contingency involving
simultaneous tripping of branches 5-6 and 12-117 was examined on the IEEE 118-bus system to validate
the proposed optimization strategy in a larger network. Cases 7 and 8 correspond to the same line outages
under voltage limits of 0.95-1.05p. u. and 0.97-1.03p. u., respectively.
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Figure 8: Case 5: Outage of branches 19-34 and 27-70 (Voltage range: 0.95-1.05 p. u.).
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Figure 11: Case 8: Outage of branches 5-6 and 12-117 (Voltage range: 0.97-1.03 p. u.).

The results show that while outage locations create distinct stress patterns, the generator redispatch
effectively restores voltages within limits, demonstrating the approach’s adaptability, robust convergence,
and consistent solution quality across different operating conditions.

3.3 Metrics Evaluation and Performance Improvement

The effectiveness of the proposed corrective generator redispatch strategy under multiple N-2 line
outages was evaluated using quantitative metrics for voltage, branch thermal limits, and system frequency.
The bus voltage improvement, I, (%) is calculated as (23).

Iy (%) =BaB;th x 100 (23)

Where B,y and B, denote the number of buses within voltage limits during the contingency and after OPF
redispatch, respectively, and B is the total number of buses. The branch thermal compliance improvement,
I, (%) is computed as (24).

Bry — Br
I (%) = "’Birtd x 100 (24)
Where Bry and Br, represent the number of branches within thermal limits during contingency and after
redispatch, respectively, and Br is the total number of active branches (excluding tripped lines). System

frequency performance is assessed relative to the nominal frequency, f,,s¢ = 50Hz. The improvement, I¢
is defined as (25).

It (Hz) = [fg — fpasel — fa — fhasel (25)

Where f3 and f, are the system frequencies during the contingency and after redispatch. Table 3
consolidates all performance metrics for Cases 1-8.

Table 3: System performance improvement during N-2 contingencies after corrective OPF redispatch
Case By B, B I,(%) | Bryg Br, Br, | I4(%) fq f, I¢(Hz)
1 8 14 14 42.86 15 18 18 16.67 | 0.056 | 0.011 | 0.045
3 14 14 78.57 15 18 18 16.67 | 0.056 | 0.012 | 0.044
6 14 14 57.14 17 18 18 5.56 | 0.027 | 0.013 | 0.014
4 14 14 71.43 17 18 18 5.56 | 0.027 | 0.013 | 0.014
118 118 2.54 158 172 184 7.61 | 0.266 | 0.114 | 0.152
78 118 118 33.9 158 171 184 7.07 | 0.266 | 0.149 | 0.116
114 118 118 3.39 156 173 184 9.24 | 0.228 | 0.062 | 0.166
77 118 118 | 34.75 | 156 172 184 8.7 10.228 | 0.064 | 0.164

(e A EN e Q LV, | (RSN RUSH | \O)
—_
—_
(93]
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Results in Table 3 confirm the effectiveness of the corrective redispatch strategy under N-2
contingencies. Voltage compliance improved significantly, with up to 78.57% of buses restored within
limits. Branch flow compliance also increased, with smaller systems showing larger gains due to fewer
active branches, while larger systems achieved moderate improvements from distributed adjustments.
Frequency deviations were reduced in all cases, by up to 0.166Hz, reflecting improved power balance and
system stability. These results demonstrate that the redispatch effectively mitigates voltage, thermal, and
frequency violations, with performance influenced by system size, contingency severity, topology, and
generator flexibility. Computation time is critical for corrective control, as delays can increase system stress
and cascading risk. Figure 12 shows execution times for Cases 1-8 using MATLAB’s tic — toc. For the
IEEE 14-bus system (Cases 1-4), times are stable at 2.8-3.1s, showing minimal impact from outage location
or voltage limits. For the IEEE 118-bus system (Cases 5-6), computation exceeds 4s, with Case 6 highest
due to more buses, generators, and control variables. Cases 7-8 show reduced times despite the same system
size, reflecting the influence of outage location and network stress on convergence. Overall, execution
scales with system size, stays below 4.5s, and depends on topology, confirming suitability for real-time or
near-real-time implementation.

Execution Time Comparison (Case 1-8)
4.257

4.4

Case Number
Figure 12: Execution time comparison.

4. Conclusion and Future Works

This paper presents a multi-phase corrective redispatch framework for restoring voltage, frequency,
and line limits under N-2 contingencies. By systematically redistributing active and reactive power while
enforcing voltage, generator, and branch constraints, the framework ensures post-contingency system
security. Simulations on the IEEE 14-bus and 118-bus systems demonstrate full voltage compliance, with
maximum improvements of 78.57% for bus voltages, 16.67% for branch overload relief, and 0.166Hz for
frequency deviation, while maintaining computation times under 4.5s. Future work will extend the
framework to incorporate inverter-based resources, dynamic frequency assessment, expanded corrective
actions (load shedding, demand response, network reconfiguration), uncertainty-aware optimization, and
large-scale EMS integration. Overall, the study delivers a scalable, efficient, and practical tool for real-time
post-contingency control, bridging the gap between traditional steady-state screening and actionable
operational decision-making.
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