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ABSTRACT 

 

Dynamic load characteristics are becoming an increasingly important consideration for 

power systems with a large penetration of residential air conditioning. Residential air conditioner 

stalling in response to faults plays a large role in Fault-Induced Delayed Voltage Recovery 

events, which can degrade the operation of electric power systems. To further study this 

connection, this work seeks to tie load parameter variations directly to changes in assessed 

stability limits.  

This connection is first considered at an area-wide level, before a bus-level locational 

sensitivity metric is introduced. Stability limits are assessed using PowerWorld for power flow 

and dynamic simulations with differing dynamic load model parameters. With the area-wide 

method, dynamic load model parameters are considered uniform for all busses, and individual 

parameters are varied one at a time to assess the effect on the assessed stability limit. For the 

locational sensitivity metric, only parameters for one bus at a time are varied. Both approaches 

are investigated for 2-bus and 2,000-bus test cases. 

Using a practical definition of power system stability, test results allow some common 

assumptions about the effects of air conditioning motor stalling to be validated. For instance, it is 

shown that increasing the fraction of load composed of residential air conditioning can have a 

significant, negative impact on the assessed system stability limit, and that increasing the amount 

of residential air conditioning with undervoltage protection improves system response and 

stability. The locational sensitivity metric is used to identify which busses are most critical to the 

system response near the stability limit, and it provides a practical way of identifying which 

busses’ load model parameters may deserve further attention. The metric might also help justify 
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the placement of dynamic reactive power support devices, such as static var compensators. These 

possibilities will be explored in future work. 
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CHAPTER I  

INTRODUCTION 

 

The dog days of summer put great strain on power systems in Texas and the southern 

United States. These periods generally correspond to peak load scenarios, driven primarily by 

residential air conditioning load, which strain system stability limits. In fact, on particularly hot 

summer days exceeding 100° F, it is estimated that air conditioning load can comprise as much 

as 40-60% of load on residential feeders [1]. In the steady state, both thermal line limits and 

voltage-related fundamental line transfer limits can be encountered. These problems have been 

relatively well studied, with stability assessment tools available to system operators. However, 

large residential air conditioning load also places an additional burden on the system, since it is 

primarily driven by low-inertial single-phase induction motors. These motors are prone to 

quickly stalling in response to nearby faults, causing large spikes in real and reactive power 

consumption until thermal tripping eventually occurs. These spikes in power consumption can 

delay or prevent system recovery to an acceptable stable state; such events are termed Fault-

Induced Delayed Voltage Recovery (FIDVR) events [2]. 

Due to the observance of such events in real time, it has been necessary to develop more 

complex load models capable of properly modeling them. However, attempts to implement these 

load models in real power systems have been hampered especially strongly by many of the same 

issues affecting simpler load models. Namely, these challenges include the highly nonlinear and 

often thresholding nature of complex load models parameters, a very limited amount of training 

data due to a relatively small number of system events, seasonal and daily variations in load 

composition, and overparameterization of the load model relative to available training data [3]. 
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Thus, the motivation for this work is to better quantify the impact of complex load model 

parameter variation on dynamic stability limits. The primary contribution is to investigate the 

sensitivity of a defined stability transfer limit to the dynamic characteristics of air conditioning 

motor load. While trajectory sensitivity of individual bus responses has been studied [4], as well 

as the effect of including these models in identifying and mitigating unacceptable transient 

stability response [5], I can find no study which considers the sensitivity of a transient transfer 

limit to the assumed load model parameters. Since estimating these parameters is an inexact 

science, and the choice of these parameters can have a significant impact on simulated system 

response, it seems prudent to identify which parameters most strongly affect the assessed 

stability limit. 

A second contribution of this work is exploring the performance of a large, recently-

developed synthetic grid model when a sizable penetration of induction motor load is added [6, 

7]. Most information about the dynamics of existing large power systems is confidential, so the 

development of these publicly available large synthetic grids provides great potential for aiding 

in academic research. Since the dynamics for these grids were developed and assessed assuming 

constant impedance load models, the effect of including complex load models on system 

dynamic performance will be assessed. The results will be used to recommend ways to improve 

the quality of these synthetic grids for transient case studies. 
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CHAPTER II 

BACKGROUND INFORMATION* 

 

Power System Stability 

A commonly used definition of power system stability is provided in [8]: “Power system 

stability is the ability of an electric power system, for a given initial operating condition, to 

regain a state of operating equilibrium after being subjected to a physical disturbance, with most 

system variables bounded so that practically the entire system remains intact.”  

 Under this definition, it is not enough for the power system to return to equilibrium after 

a disturbance: other bounds must be met. For instance, bus voltages must be within a certain 

range. This more ‘practical’ definition of stability thus differs from a purely theoretical standard, 

and a more rigorous discussion of these bounds will be provided in a later chapter. 

 

Air Conditioner Motor Stalling and FIDVR Events 

Residential air conditioning makes up large share of load during summer months, and it is 

composed of low-inertia compressor motors. Each individual motor is a single-phase induction 

motor which produces a pulsating magnetic field in the stator to keep the rotor rotating. 

However, this configuration is not able to start the rotor, so special starting techniques have been 

developed mimicking a two-phase motor for this purpose [1]. 

*Figures 1, 2, and 4 are reprinted with permission from “A Technical Reference Paper Fault Induced Delayed 
Voltage Recovery” by the North American Electric Reliability Corporation Transmission Issues Subcommittee and 
System Protection and Control Subcommittee in June 2009.  

Figure 3 is reprinted with permission from “Technical Reference Document: Dynamic Load Modeling” by the 
North American Electric Reliability Corporation Load Modeling Task Force in December 2016. 

This information from the North American Electric Reliability Corporation’s website is the property of the North 
American Electric Reliability Corporation and is available at www.nerc.com. This content may not be reproduced in 
whole or any part without the prior express written permission of the North American Electric Reliability 
Corporation.  
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This distinction helps explain why single-phase induction motors are more prone to 

stalling than three-phase induction motors. Figure 1, reprinted with permission from [1], 

provides a visual depiction of the torque-speed curve for a three-phase induction motor as 

compared to a single-phase motor. When operating near synchronous speed, the curves are 

almost identical, but once the single-phase motor begins to slow down the torque it can provide 

begins to decrease very quickly. If the electrical torque it is supplying drops below the required 

mechanical torque, the motor will stall. 

 

  

Figure 1: Torque-Speed Comparison between Single and Three-Phase Induction Motors [1] 

 

 As shown in Figure 2, reprinted with permission from [1], stalled air conditioning 

compressors have a roughly quadratic relationship between voltage and power consumption once 
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they are stalled. In addition, they consume much more power at normal system voltages once 

they are in the stalled state. Thus, when air conditioning motor stalling occurs on the power 

system, there is a large increase in power consumption at the affected busses, at least until the air 

conditioning motors thermal protection trips them off, several seconds later. 

 

 

Figure 2: Power Consumption vs Voltage for Stalled Air Conditioning Motors [1] 

 

 The spike in power consumption once the air conditioner compressors stall can then act 

to temporarily depress system bus voltages, leading to a Fault-Induced Delayed Voltage 

Recovery (FIDVR) event. In these cases, system bus voltages recover very slowly, in the order 

of seconds, after a fault is cleared from the system. This type of event is depicted in Figure 3, 

reprinted with permission from [2]. This delayed recovery is primarily caused by the stalling of 

residential air conditioning compressor motors. Once stalled, these motors consume a multiple of 

their steady-state current, resulting in a significant jump in reactive power consumption. This 
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additional power consumption stresses the system until thermal tripping occurs 3-20 seconds 

later [2]. 

Once the motors have tripped, system voltages tend to overshoot their initial values due 

to now supporting a lower net load, which can cause long term system problems if this 

overvoltage is severe enough to cause devices to trip, or if capacitors are switched off to reduce 

this overvoltage before the motor load eventually reconnects [2]. 

 

 

Figure 3: Typical FIDVR Event Voltage Response Curve [2] 

 

  If system voltages are unable to recover after a motor stalling event, actions such as 

under-frequency and under-voltage load shedding may be necessary, causing highly undesirable 

power outages and potentially a cascading blackout. Thus, it is important to consider this 

phenomenon, and ensure a timely voltage recovery. 
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Dynamic Load Modeling 

Dynamic load models are the most uncertain part of power systems [1, 9, 10], as 

generator and transmission line parameters are generally well-known. Historically, relatively 

simple “static” load models were used for transient stability studies, assuming some combination 

of constant current, constant impedance, and constant power consumed by a load bus. As the 

dynamic response of load has been better understood, more complex load models have been 

developed. These include composite models such as the CLOD, and other similar load models 

with combinations of large and small 3-phase induction motors, lighting loads, and static loads. 

Additionally, an alternative load model was developed to model single phase air conditioning 

load, using dynamic phasors instead of differential algebraic equations [11, 12]. The effect of 

using these more advanced load models on voltage response of specific test cases has been 

studied [9,10,13], and some stability margins and metrics have been defined assuming relatively 

simple load characteristics [14-16]. 

Model parameters have been established for these model types through two methods: 

measurement-based and component-based modeling. Measurement-based models take available 

measurement information for a given bus and attempt to fit these measurements to the available 

data through some sort of fitting algorithm. These algorithms can be extended to include modern 

data science techniques, including state vector machine [17], and particle swarm [18, 19], as well 

as nonlinear least squares [4]. Measurement-based techniques are limited by the amount of 

available data and the effort it takes to fit a load model to each bus, so they are often used in 

conjunction with component-based load models to tune them based upon available data. 

Component-based load modeling utilizes surveys of the types of devices connected at a given 

bus to generate an aggregate load model at a given bus. Since they are not directly measurement-
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based, mismatches between simulated component-based models and observed behavior can 

differ. Regardless of the exact parameter-determining method, parameter dependency increases 

with the increased size and detail of the load model, and it presents significant challenges when 

assessing the accuracy of a given model’s parameters. 

To better understand this dependency, sensitivity studies have been conducted for CLOD 

and other similar load model types with large and small 3-phase induction motor components 

[20], and for the more complex CMPLDW model, which contains a single-phase induction 

motor portion [4]. Additionally, a probabilistic collocation method has been introduced to assess 

the effect of parameter uncertainty on a variety of output parameters, but this technique does not 

scale well when multiple input parameters are uncertain [21]. This sensitivity work demonstrates 

that uncertainty about both CMPLDW and simpler load model parameters exist, even when the 

simulation results match available data. 

As the CMPLDW model is relatively new, relatively little research has been conducted. 

Completed works include considering the sensitivity of individual bus responses and the effect of 

regularization techniques on parameter estimation [4], as well as the effect of including these 

models in planning cases when identifying and mitigating unacceptable transient stability 

response [5]. However, that work assumed that the CMPLDW model parameters chosen were 

completely accurate. Additionally, some work has been done in tuning CMPLDW model 

parameters to match observed system events, including with added distributed PV generation 

[22-25]. A diagram of the CMPLDW load model is provided in Figure 4, reprinted with 

permission from [1], where motor D represents the air conditioning load component. 
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Figure 4: CMPLDW Model Diagram [1] 
 
 

 Since this model is quite complicated, Figure 5 presents an abstraction to help understand 

how the load model functions. The idea is to provide a more realistic, depiction of the 

distribution system which is connected to the transmission bus. All the various dynamic load 

types are connected in parallel to an imaginary “Load Bus” at the other side of an equivalent 

distribution feeder and transformer.  

 

 

Figure 5: Abstraction of State-of-the-Art Dynamic Load Model Configurations 
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Large Synthetic Power Grid Model Development 

The synthetic Texas grid is a 2,000-bus system in the geographical footprint of ERCOT 

using publicly available data about generation and load profiles, but it bears no relation to the 

actual ERCOT grid [6-7]. It contains 115 kV, 230 kV, and 500 kV transmission lines, and is 

shown in Figure 6 below. The case is publicly available at 

https://electricgrids.engr.tamu.edu/computer-assignments/. 

 

  

Figure 6: Texas Synthetic Grid Model  
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CHAPTER III 

PROPOSED METHODS 

 

This chapter is broken into four parts. The first part outlines the process used in test cases 

to assess the stability limit, including scaling procedures and limiting conditions. The next two 

parts discuss approaches for examining parameter sensitivities, and the final part describes the 

two test cases and contingencies considered. 

 

Stability Limit Calculation 

For all test cases in this paper, the stability limit is formulated as a power transfer 

problem between two regions, as shown in Figure 7. The goal is to find the maximum power 

transfer between regions, subject to certain critical disturbances, with the limit defined as the 

maximum load the region of interest can support. Power generation within the region of interest 

is held constant, while load inside the region is scaled up. Generation outside the region is scaled 

up to match the additional load, until a stability limit is reached. 

 

 

Figure 7: Power Transfer Problem Definition 
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The following conditions must be met for a result to be considered stable: 

 Acceptable power flow (steady state) solution 

 Must reach post-disturbance equilibrium 

 New equilibrium voltages > 0.9 p.u. 

 Must meet ERCOT’s standards for timely voltage recovery: all bus voltages must return 

to >0.9 pu within 5 seconds of fault clearing [26] 

The primary limiting factor in the cases studied was slow voltage recovery. 

 

Area-Wide Parameter Sensitivity Analysis 

In the area-wide approach, all load busses in the region of interest will have an identical 

dynamic load model. Individual parameters in this model will be varied one at a time, in a 

uniform manner across all load busses in the region. The resulting relationship between the 

stability limit and individual parameter values will be plotted. 

 

Locational Sensitivity Metric 

In the locational sensitivity approach, all busses in the region of interest except the 

selected bus will contain an identical dynamic load model. The amount of air conditioning load 

at the selected bus will be increased and decreased, and the effect on the stability limit will be 

calculated. The results will be used to calculate a locational sensitivity metric, using the 

following formula: 

      
∆        

∆        
                (1) 
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The metric should be negative, since increasing the amount of air conditioning load will usually 

decrease the observed stability limit. A metric value of 4.53 can be interpreted the following 

way: “for approximately 1 MW more A/C load at the bus, the assessed system stability limit 

decreases by 4.53 MW.” 

 

Test Case Descriptions 

2-Bus Test Case 

Figure 8 depicts the 2-bus test case, where bus 1 is a generator bus and bus 2 is a load 

bus. The contingency considered in this case is a fault at bus 2 cleared in 2.5 cycles. 

 

 

Figure 8: 2-Bus Test Case 

 

Synthetic Texas Grid Test Case 

Within the synthetic Texas Grid case, the McAllen zone, containing South Texas and the 

Lower Rio Grande Valley, was selected as the region of interest. This region, zone 19 in the 

case, was selected due to an average high of 94° F in July and August, likely corresponding to a 

large usage of residential air conditioning during those months. It is shown in Figure 9. 
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Figure 9: McAllen Zone in Synthetic Texas Grid 

 

Since about 2/3 of generation in this region comes from one bus, depicted in Figure 10, a 

bus fault of 2.5 cycles and trip of this generation was selected as the contingency of interest. 

 

 
Figure 10: Brownsville Generation in Synthetic Texas Grid 
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CHAPTER IV 

RESULTS 

 

This chapter contains three parts. The first part discusses the modifications made to the 

synthetic Texas grid model, while the second part presents results from area-wide sensitivity 

analysis. The final part discusses results from locational sensitivity analysis. 

 

Modifications to Synthetic Texas Grid 

Since the synthetic Texas grid was designed for constant impedance loads, some 

modifications needed to be made to support air conditioning load. Once a complex load model 

was introduced into the McAllen zone, bus voltage response was no longer timely. As shown in 

Figure 11, bus voltages took between 9 and 10 seconds post-fault clearing to return to 0.9 per 

unit. To boost dynamic reactive power in the region, two SVCs were added, as shown in Figures 

12 and 13. One was placed at Brownsville 2 1, a large load bus very close to the bus where the 

fault and generation loss occurred. The other SVC replaced a switched shunt at the bus Santa 

Rosa 2 0, to give some additional reactive support to the generator with the largest rotor angle 

swing. 

Once these changes were made, an acceptable voltage response for the initial load was 

observed, as shown in Figure 14. Bus voltages now returned to 0.9 per unit in just under 5 

seconds post-fault clearing. SVC settings were selected so that they made no significant 

difference to the power flow solution or steady state case.  
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Figure 11: McAllen Bus Voltages in Base Case before SVCs Were Added 

 

 

Figure 12: Bus Brownsville 2 1, before and after SVC Added 
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Figure 13: Bus Santa Rosa 2 0, before and after Switched Shunt Replaced with SVC 

 

 

Figure 14: McAllen Bus Voltages with Added SVCs  
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Area-Wide Parameter Sensitivity Analysis 

Parameters of Interest 

The parameters selected for area-wide study are summarized in Table 1, while Figure 15 

provides the full list of initial parameter values. 

 
 
Table 1: Dynamic Load Model Parameters Selected for Area-Wide Study 

Parameter Description Initial Value 

Fm_D A/C fraction of total load (in region model active) 7% 
Vstall_D Voltage below which A/C motor stalling occurs, if A/C 

voltage remains below this number for Tstall seconds 
0.6 per unit 

Tstall_D Time for stalling to occur if voltage remains below 
Vstall 

0.033 seconds 
(2 cyles)

Rstall_D/Xstall_D Resistance and reactance of stalled A/C load 0.1/0.1 per unit
Tth_D Thermal time constant related to heating of stalled A/C 

motors 
15 seconds 

Th1t_D/ Th2t_D Thermal tripping start/end temperatures for A/C 
motors 

0.7/1.9 

Fel Power electronic fraction of total load 10% 
frcel Fraction of power electronic load which will restart as 

soon as voltage recovers
0.8 

Fuvr_D Fraction of A/C load with undervoltage relay 
protection (will trip before stalling)

0.1 
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Figure 15: Full List of Parameter Values for McAllen Zone Loads in Base Case 

  



 

20 

 

Study Results 

Area-wide parameter sensitivity analysis was conducted for both test cases, and graphical 

results for each of the 9 parameter groups are shown in Figures 16-24. The left plot is for the 2-

bus case, and the right plot is for the synthetic Texas grid.  

 

 

Figure 16: Parameter Sensitivity Plots: A/C Percentage of Load vs. Stability Limit 

 

 Figure 16 shows that the stability limit decreases as the amount of air conditioning load 

increases in both test cases. This result is expected, as more air conditioning load in the region 

leads to more air conditioning load stalling and a further delayed voltage recovery. The 

reasonably linear appearance of both graphs suggests a linear sensitivity metric based upon this 

parameter may be appropriate, and the locational sensitivity metric introduced in this paper is 

based on this premise. 
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Figure 17: Parameter Sensitivity Plots: Stalling Voltage vs. Stability Limit 

 

 Figure 17 shows differing results when varying the stalling voltage in each test case. In 

the 2-bus system, the air conditioning load always stalls during this parameter sweep, as the fault 

clearing time is larger than the motor stalling time parameter. Thus, this threshold has no effect 

on motor stalling. On the other hand, in the larger synthetic Texas grid case, the stability limit 

decreases as the stalling voltage increases. Since this is an area-wide parameter, the likely cause 

is motor stalling at busses further away from the fault location. This result, including the 

nonlinear nature of this relationship, is expected, as stalling voltage is a threshold parameter. 

Based on these results, a linear sensitivity involving the stalling voltage would not be 

appropriate. 
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Figure 18: Parameter Sensitivity Plots: Stalling Time vs. Stability Limit 

 

 Figure 18 shows similar results for both test cases: the stability limit tends to increase as 

the stall time parameter increases. This result is much more pronounced in the 2-bus case, as 

there is only one bus where air conditioning stalling occurs. Thus, in the 2-bus case, when the 

stalling time is greater than the fault clearing time (2.5 cycles), no stalling occurs, and the 

stability limit jumps up. This effect is a bit more muted in the large test system, since the stability 

limit can also be improved by having motor stalling spread to less busses. These results, 

including the nonlinear nature of this relationship, are expected, as stalling time is a threshold 

parameter. Based on these results, a linear sensitivity involving the stalling time would not be 

appropriate. 
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Figure 19: Parameter Sensitivity Plots: Stalling Impedance vs. Stability Limit 

 

 Figure 19 shows differing results when varying the stalling impedance in each test case. 

In the 2-bus system, the stability limit increases as stalling impedance increases, while in the 

synthetic Texas case there is no identifiable relationship between the stability limit and stalling 

impedance. 

These results stem from two different impacts which stalling impedance has on system 

response. A lower stalling impedance leads to a larger increase in power consumption by the 

stalled motors, which has a short-term effect of depressing system voltages. However, a smaller 

stalling impedance also leads to quicker thermal tripping due to increase in power consumption 

in the stalled state. In this case, the former effect wins out in the 2-bus system, where the voltage 

recovery is primarily driven by an increase in reactive power generation from the generator. In 

the larger synthetic Texas case, these two effects roughly cancel out in terms of how they affect 

the stability limit. 
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Figure 20: Parameter Sensitivity Plots: Thermal Time Constant vs. Stability Limit 

 

 Figure 20 shows differing results when varying the thermal time constant in each test 

case. In the 2-bus system, there is no identifiable relationship between the stability limit and the 

thermal time constant. In the synthetic Texas case, the stability limit decreases as the thermal 

time constant increases. 

These results are related to the primary driver of voltage recovery in each case. In the 2-

bus case, the voltage has already recovered before any motors thermally trip, due to an increase 

in reactive power generation from the generator. Therefore, changing the thermal time constant 

does not affected the stability limit. However, in the synthetic Texas case, bus voltages are still 

recovering when air conditioning motors begin to thermally trip. Thus, a shorter thermal time 

constant leads to higher motor temperatures and quicker tripping, which improves voltage 

response. 
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Figure 21: Parameter Sensitivity Plots: Thermal Tripping Begin/End Temp. vs. Stability Limit 

 

 Figure 21 shows similar results to Figure 20 with respect to how thermal tripping affects 

the response in both test cases. Here, instead of varying the time constant, the thermal tripping 

begin/end values are varied from smaller and tightly packed to larger and more spread out. The 

larger and more spread out values correspond to delayed motor thermal tripping, and thus lead to 

a lower stability limit in the synthetic Texas case. However, in the 2-bus case the different values 

have no effect, as the voltage recovery is primarily driven by increased reactive power 

generation from the generator at bus 1. Thus, in the 2-bus system, changing parameters related to 

motor tripping has no noticeable effect on voltage recovery. 
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Figure 22: Parameter Sensitivity Plots: Power Electronics Fraction of Load vs. Stability Limit 

 

 Since power electronic load—for instance, computer monitors and motors powered by 

variable frequency drives--automatically trips when voltage drops and reconnects when voltage 

recovers, Figures 22 and 23 investigate any cumulative effect this type of load may have when 

combined with air conditioning stalling. In this case, for which it is assumed a large proportion 

of the power electronics load does reconnect immediately once voltage recovers, only a small 

impact is observed on the stability limit in the synthetic Texas case, though even a small increase 

in the amount of power electronics load not reconnected does slightly improve the system 

stability limit in the synthetic Texas case. However, almost no effect is observed in the 2-bus 

case. 
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Figure 23: Parameter Sensitivity Plots: Portion of Power Electronics Load which Restarts vs. 

Stability Limit 

 

 The results of Figure 23 make it clear that decreasing the fraction of power electronics 

load which restarts as the voltage recovers can improve the system stability limit, when the 

limiting factor is slow voltage recovery. This result makes sense, as any load that is dropped 

from the system while the motors are stalled should improve bus voltages. 
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Figure 24: Parameter Sensitivity Plots: Portion of Air Conditioning Load with Undervoltage 

Protection vs. Stability Limit 

 

 The results of Figure 24 demonstrate that increasing the fraction of air conditioning 

motors with undervoltage protection can significantly improve the stability limit. This result is 

expected, as air conditioning motors with undervoltage protection should trip when the voltage 

drops instead of stalling. 

 

Key Conclusions 

1. The fraction of the load composed of air conditioning can have a very significant impact 

on the assessed system stability limit. 

2. How quickly protection operates (whether Fault Clearing Time < Tstall) has a large 

impact on system response. 

3. Thresholding parameters, particularly Vstall and Tstall, become increasingly important in 

large test cases. 

4. Increasing the amount of air conditioning compressors with undervoltage protection 

improves system response and stability. 
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Locational Sensitivity Analysis 

 For the Synthetic Texas Grid case, locational sensitivity analysis was performed for the 

largest 24 load busses in the McAllen zone. Calculated locational sensitivity metrics are 

visualized in Figure 25 using PowerWorld’s contour functionality. 

 

  

Figure 25: Contour of Locational Sensitivity Metric Results for Synthetic Texas Grid 

 

 These results confirm that load modeling assumptions about the busses closest to the fault 

will tend to have the most impact on the system response. The locational sensitivity metric 

provides a way to quantify this effect and identify the relative importance of air conditioning 

load models at each bus. Table 2 provides such a ranking. 
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Table 2: Ranked List of Locational Sensitivity Metric for Chosen 24 Large Load Busses 

Bus Number Bus Name Locational Sensitivity Metric 

4126 Brownsville 3 0 -10.48
4171 San Benito 0 -8.13
4110 Los Fresnos 0 -6.39
4193 Brownsville 1 1 -6.09
4071 Brownsville 2 1 -4.53
4019 Mercedes 0 -2.21
4067 Harlingen 1 0 -1.72
4066  Weslaco 0 -0.50
4013 Edinburg 2 0 -0.40
4107 Donna 0 -0.20
4088 Pharr 0 -0.60
4007  McAllen 2 0 -0.10
4003 Edinburg 3 0 -0.10
4191 Raymondville 0 0
4119 Roma 0 0
4027  McAllen 3 0 0
4111 Harlingen 2 0 0
4157 Mission 2 0 0
4042 San Juan 1 0
4128  Rio Grande City 0 0
4122 McAllen 1 0 0
4079 Mission 3 0 0
4103 Edinburg 1 0 0
4040 Mission 4 1 0
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CHAPTER V 

CONCLUSION 

 

Results Analysis 

By quantifying the sensitivity of system stability limits to air conditioning load model 

parameters, several common assumptions about the effect of air conditioning load dynamics 

have been validated. Assumptions about the amount of air conditioning load in the region of 

interest have been shown to have significant impact on assessed stability limits, the benefit of 

adding undervoltage protection to air conditioning load has been demonstrated, and thresholding 

effects of certain key parameters have been investigated. By introducing a locational sensitivity 

metric, the localized effect of certain key busses on the system stability limit has been identified, 

and this metric provides a way to characterize the relative importance of dynamic load modeling 

assumptions at a given bus. 

 

Future Work 

The localized sensitivity metric introduced in this paper provides two key benefits: it 

provides a way to prioritize which busses’ dynamic load models are most critical to the 

assessment of system stability, and it could potentially aid decisions about where to add reactive 

support devices. Such possibilities will be explored in future work. 
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