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Introduction 

Power generation systems are designed to be free of short-circuit through careful engineering design and 
quality control during the manufacturing process. However, with these precautions a short-circuit can still occur 
within the electrical system. Some of the causes are loose connections, voltage surges, deterioration of insulation, 
contaminants, improper maintenance, accidental contact, and improper installation to name a few. When a short-
circuit occurs within a power system several bad things happen: 

• Arcing and burning at the short-circuit location.  
• Current flows to the short-circuit location from various sources (parallel generators). 
• Equipment and components exposed to the short-circuit are subject to thermal and mechanical stress and 

damage.  
• Voltage drop in the system is proportional to the magnitude of the short-circuit current. The maximum 

voltage drops occurs at the point of the fault (can drop close to zero for maximum short-circuit current)  
 

Overcurrent protective devices when correctly sized and maintained are designed to quickly open the circuit when 
a short-circuit occurs with minimum stress and damage to the system. The devices must be capable of interrupting 
the maximum available fault current that can be imposed at the short-circuit location. The maximum available 
fault current is based on the size and capacity of the power source. The larger the capacity of the power source 
the greater the available fault current. The most common power source is utility (transformer) and the second is 
a generator.  

The determination of available short-circuit current from a power source is imperative in determining proper 
circuit protection, and to ensure the design of equipment and components are sufficient to withstand fault current 
imposed based on duration of time before the fault is removed by the overcurrent protective device.  The 
determination of available fault current is a crucial factor of electrical safety and fire prevention.  

Determining available fault current of a generator especially a mobile rental generator can be a challenging 
endeavor. The flow of available fault current from a generator to the short-circuit location is limited only by the 
impedance of the alternator which primarily consists of reactance and is not one simple value as a cable or 
transformer. Generator available short-circuit current is complex and varies with time. The current starts at a high 
value and rapidly decays due to alternator reactance. Explaining the change in current based on time when a short-
circuit is initiated can be complicated and requires complex equations involving time as one of the variables.  

The purpose of this short paper is to: 

• Review the requirements for calculating available short-circuit current in an electrical system.  
• Review a simple method of calculating fault current at different points within an electrical system.  
• Demonstrate how to calculate available short-circuit current at different points within a temporary 

electrical system when the power source is a generator.  
• Explain the behavioral characteristics of a generator when a short-circuit occurs.  
• Explain the different reactance values assigned to generators for the purpose of calculating short-circuit 

current at a specific time.   
• Discuss symmetrical and asymmetrical short-circuit current and for the sake of simplification use basic 

equations to calculate short-circuit current at the generator terminals.  
• Review a generator short-circuit curve (decrement curve).  
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Requirements for Calculating Available Short-Circuit Current Within an Electrical System 

Determining available fault current at different points within an electrical system is a requirement of the 2020 and 
2023 National Electrical Code (NEC). It must be determined at each electrical device, such as motors, contactors, 
switchgear. panelboards, motor control centers (MCC), industrial control panels, etc. Equipment and devices must 
have a short-circuit current rating (SCCR) equal to or greater than the available fault current in the system 
otherwise potential damage can be catastrophic should a short-circuit occur. Some of the NEC requirements for 
calculating available short-circuit current in at electrical system are listed below: 

 110.10 The overcurrent protective devices, total impedance, the equipment short-circuit current rating, and other 
characteristics of the circuit to be protected shall be selected and coordinated to permit the circuit protective 
devices used to clear faults to do so without extensive damage to the electrical equipment of the circuit.  

110.24 (A) Service equipment at other than dwelling units shall be legibly mark in the field with available fault 
current. The field marking(s) shall include the date the fault current calculation was performed and be of sufficient 
durability to withstand the environment involved. The calculation shall be documented and made available to 
those authorized to design, install, inspect, maintain, or operate the system. 

408.6 Switchboards, switchgear and panelboards (includes temporary) shall have a short-circuit current rating 
not less than the available fault current. In other than one- and two-family dwelling units, the available fault 
current and the date the calculation was performed shall be field marked on the enclosure at the point of supply. 

409.22 An industrial control panel shall not be installed where the available fault current exceeds its short-circuit 
current rating as marked in accordance with 409.110 (4).  

(B). If an industrial control panel is required to be marked with a short-circuit current rating in accordance with 
409.110(4), the available fault current at the industrial control panel and the date the available fault current 
calculation was performed shall be documented and made available to those authorized to inspect, install, or 
maintain the installation. 

430.83 (F) A motor controller shall not be installed where the available fault current exceeds the motor 
controllers’s short-circuit current rating. 

430.99 Motor control center (MCC) shall have the available fault current calculated and the date the calculation 
was performed documented and made available to those authorized to inspect, install, or maintain the 
installation. 

440.10 (A) (Air conditioning and refrigeration equipment) Motor controllers or industrial control panels of multi-
motor and combination-load equipment shall not be installed where the available fault current exceeds its short-
circuit current rating as marked in accordance with 440.4(B). 

(B) When the motor controllers or industrial control panels of multi-motor or combination-load equipment are 
required to be marked with a short-circuit current rating, the available fault current and the date the available 
fault current calculation was performed shall be documented and made available to those authorized to inspect, 
install, or maintain the installation. 

Note: Article 445.11, The information required by the NEC to be provided with the generator is what is used to 
model the short-circuit current behavior of the generator. It also used to calculate the available fault current at 
time of installation of the generator (power source).    

670.5 (A) Industrial machinery shall not be installed where the available fault current exceeds its short-circuit 
rating as marked in accordance with 670.3(A)(4). 
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(B) Industrial machinery shall be legibly marked in the field with available fault current. The field marking(s) 
shall include the date the available fault current calculation was performed and be of sufficient durability to 
withstand the environment involved. 

Determining available short-circuit current and overcurrent device clearing times are major factors in short-circuit 
current studies and hazard assessments for calculating incident energy, arcing current, protective approach 
boundaries and personal protective equipment (PPE) levels to minimize employee exposure to electrical hazards 
as outlined in the National Fire Protection Association (NFPA) 70E Standard for Electrical Safety in the 
Workplace. The Informational note 1# at the bottom of NEC article 110.24 states the available fault-current 
marking (s) addressed in 110.24 is related to NFPA 70E and provides guidance in determining the severity of 
potential exposure, planning safe work practices, and selecting PPE equipment.  Determining available fault 
current at each point in an electrical system is crucial to electrical safety and equipment protection and it all starts 
with performing short-circuit current study of the electrical system whether it be a permanent or temporary 
electrical installation. 

Sources of Short-Circuit Current 

When calculating short-circuit current in an electrical system it imperative to consider all sources of short-circuit 
current and their impedance characteristics. All sources in a system can contribute available short-circuit current 
into a short-circuit fault. There are four sources of short-circuit current: 

1. Electric Utility  
2. Induction Motors 
3. Synchronous Motors 
4. Generators 

 

Electric utility is the most common source of short-circuit current in an electrical system. Transformers 
connected to a utility system or generator are often mistakenly considered a source of short-circuit current. A 
transformer merely delivers the short-circuit current from the utility or generator. Transformers are designed to 
change system voltage and magnitude of current but generate neither. The short-circuit current is determined by 
the impedance of the generator and/or system to the terminals of the transformer.  Typically, when available fault 
current at the primary terminals of the transformer is unknown the transformer secondary voltage and impedance 
values are used to calculate short-circuit current. Unlike transformers, generators and motors can generate short-
circuit current. 

Generators and synchronous motors have similar short-circuit behaviors both have field excitation by direct 
current and alternating current flow from the stator windings. The amount of short-circuit current is limited by 
their impedance. In a synchronous motor if a short-circuit occurs the voltage on the system is reduced which 
causes the synchronous motor to stop delivering energy to the mechanical load however the inertia of the load 
and motor rotor drives the synchronous motor, and the motor becomes a generator. The motor based on its 
impedance can deliver short-circuit current to the point of fault for several cycles.  

Induction motors react to a short-circuit in a similar manner. The field of an induction motor is produced from 
the stator rather than DC field windings. The induction motor does not have DC field winding but there is 
magnetic flux in the motor during normal operation which acts like the flux produced by DC field windings in a 
synchronous motor.  The rotor flux remains normal as long as a voltage is applied however when the external 
voltage suddenly drops or is removed when a short-circuit occurs the flux in the rotor cannot change instantly.  
Because of the inertia of the rotating parts and the fact the rotor flux cannot decay a voltage is generated in the 
stator windings. This causes the available short-circuit current to flow to the short-circuit location until the rotor 
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flux decays to zero. The short-circuit current can lasts up to approximately three to four cycles. The flux can last 
long enough to produce a high enough level of short-circuit current to influence the momentary duty of 
overcurrent protective devices.  

The magnitude of short-circuit current depends on the impedance of the motor. Depending on the size of the 
motor it can be a significant contribution to the available short-circuit current that will flow to short-circuit 
location. Consequently, the initial value of available short-circuit current from an inductive motor when a short 
occurs is approximately equal to the locked rotor starting current. Hence, the short-circuit current produced by 
inductive motors can contribute current to a short-circuit location in an electrical system and therefore must be 
considered in system short-circuit studies.  

Symmetrical and Asymmetrical Current 

Symmetrical and asymmetrical describe the shape of the AC wave form about the zero axis of a sine wave. 
Symmetrical refers to a current wave that is symmetric to a fixed reference axis see figure #1.  

 

Figure #1 Symmetrical AC Sine Wave  

Asymmetrical refers to a current that is not centered to a fixed reference axis and contains a direct current (DC) 
component which is based on the resistance in a circuit. When a current sine wave is asymmetrical it contains a 
combination of both symmetrical current and DC current components and is typically a lot higher than 
symmetrical current see figure #2 



 

6 
 

GENERATOR SHORT-CIRCUIT CURRENT 

 

Figure #2 Asymmetrical Current Sine Wave 

The point in time at which the short circuit in the system occurs determines if the resultant current is initially 
symmetrical or asymmetrical or a combination of both. If the short-circuit occurs when the voltage sine wave is 
crossing the zero-axis line, the current will be asymmetrical. If the short-circuit occurs when the voltage is at a 
positive or negative peak, the resultant fault current will be symmetrical. A fault occurring at any point in time 
between zero crossing, and the positive or negative peak will produce a lesser asymmetrical current. Most short-
circuit currents are nearly always asymmetrical during the first few cycles after the fault occurs. The asymmetrical 
current decays rapidly and symmetrical becomes the significant current.  

                                         

Figure #3 Behavior of Short-Circuit 

 

 



 

7 
 

GENERATOR SHORT-CIRCUIT CURRENT 

To better illustrate the typical behavior of a short circuit in an electrical system refer to figure #3. 

• DC Component: Depends on the X/R ratio of the of the source of fault current. 
• Symmetrical Current: Symmetry around time-axis that has no DC component. 
• Asymmetrical Current: Asymmetry around time-axis and is the sum of symmetrical and DC components. 
• Peak Asymmetrical Current: Highest value of asymmetrical current at the peak which occurs at the 1st half 

cycle based on at point in the cycle the fault occurs. 
 

Asymmetrical current is significate for two important reasons. First, the electromagnetic force exerted on parts of 
the systems that carry current and secondly is the amount of thermal energy content of the short-circuit which is 
dissipated as power I²𝑅. The amount of both mechanical force and thermal heat are at their highest peak when 
the short circuit is initiated which can create both mechanical and thermal damage and stress to equipment. 

The impedance, or combined reactance and resistance, control the flow of current in an alternating current circuit. 
X/R ratio is the relationship of the resistance and reactance of a circuit. Resistance of a circuit is low compared 
with the reactance. The degree of asymmetry depends on the ratio of resistance to reactance. The short-circuit 
current in a circuit typically decays to a steady state value due to the apparent change in reactance during the 
short-circuit. With a degree of resistance in a circuit the DC component will also rapidly decay to zero as the 
energy is dissipated as heat or 𝐼2𝑅 power in the circuit.  

Ohmic Method of Calculating Available Fault Current in an Electrical Circuit   

 

Figure #4 Combined One-Line Electrical System & Impedance Diagram  
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Available short-circuit current can be calculated down to the point of the short-circuit within an electrical system 
by using the ohmic method and the tables found in pages 31-33. Using the single line drawing / impedance 
diagram in figure #4 the available fault current can be calculated for both symmetrical and asymmetrical current 
at each point.  

To find the available fault current at X1 in the system the first step is to find the impedance of X1  

 Impedance (Z) =  √𝑅2 + 𝑋² 

√0.0009622 + 0.005512 = 0.0056 𝑜ℎ𝑚𝑠 

Use Ohms law to find RMS symmetrical fault current. 

480𝑉

√3⋅(0.0056 𝑜ℎ𝑚𝑠)
=  49,489A RMS Symmetrical current 

Motor contribution is approximately equal to the lock rotor current of the motor.  

For this example, the full load current of the motor is 1804A 

Motor contribution is 1804 x 5 =  9020A RMS symmetrical. 

49,489 + 9020 = 58,509A RMS symmetrical current at fault location marked X1. 

The power factor of a short-circuit is determined by the series resistance and reactance of the system from point 
of short-circuit back to the source. The power factor can be used to determine the multiplier to calculate 
asymmetrical current.  

Example: total resistance and reactance at fault location marked X1,  R=0.000962,  X=0.00551. The power factor 
is 17.1% determined by the following formula,  

PF = R/Z (100),                 PFSC= (
𝑅

√𝑅2+𝑋2
) 100   

The relationship of the resistance and reactance is expressed in terms of the X/R Ratio. 

(X) 0.00551 /(R) 0.000962 = 5.727 X/R ratio. 

Short-circuit power factor can also be determined by the following equation. PFsc = cos (𝑡𝑎𝑛−1(𝑋/𝑅)) ∗  100 

Asymmetrical current can be calculated based on the ohmic method for calculating short-circuit current in a 
system and utilizes the short-circuit power factor and/or the X/R ratio. For this method you must use the table 8# 
provided on page 32 to determine the multiplier. 

The power factor is 17.1% and the X/R ratio is 5.727. 

The Asymmetrical multiplier can be found in table 8, use the column marked Mm which will provide the worst-
case scenario of asymmetrical current in the first ½ cycle. 

49,489A Symmetrical x 1.295 = 64,088.25A Asymmetrical 

Motor contribution:  5 x 1804 = 9,020A  

Total current 64,088.25A + 9,020A = 73,108A asymmetrical short-circuit current at fault location marked X1. 
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Based on the X/R ratio the current will lag the voltage by less than 90° see figure #5. 

Figure #5 Phase Relationship between Voltage & Short-Circuit Current  

If we look at the available fault current at different points within the electrical system, we can see based on the 
sum of the impedance at different points the available short-circuit current drops the further we get from the power 
source. 

Transformer secondary terminals: 51,613A sym. 

Fuse:     49,563A sym. 

At terminals of the Motor  49,489A Sym. 

Motor contribution to short-circuit current must be added to each point.  

Asymmetrical current also referred to as total current has both AC & DC components. You can calculate the 
asymmetrical current based on time. For practical purposes it can be express as  

Isc asym = Isc sym √1 + 2 (
𝐷𝐶%

100
)

2

                                                 ⅇ
−𝜔𝑡

𝑋∕𝑅 × 100 = 𝐷𝐶% 

ω=2π60, t = time (1 cycle = .017), X/R ratio = 5.727. RMS symmetrical current = 56,706A. 

If we look at the Isc asym. at a half of a cycle based on the equation the DC% is 59% so the asymmetrical current 
is 73,883A. At 1 cycle the DC% is 32.65% so the Isc asym. current is 62,462A. As you can see in this example the 
DC component decays rapidly based on time. The DC component is based on the short-circuit ratio and in this 
example completely decays in approximately 2 cycles where the current left is symmetrical only. The most 
mechanical stress on a system from a short-circuit occurs within the first 0.5-1.5 cycles when total current is at 
its highest point.  

The total asymmetrical current is the current that a circuit breaker must interrupt at its contact parting time. Per 
IEEE C37.04, contact parting time is the sum of ½ cycle, as the minimum relay operation time, and the minimum 
operating time of the circuit breaker. For example, contact parting time, including ½ cycle for relay operation, is 
assumed as 1.5 cycles for 2-cycle breaker, 2 cycles for 3-cycle breaker, and 3 cycles for 5-cycle breaker. If the 
contact parting time is different from the above-mentioned assumed times, for example due to faster or slower 
relay operation, the required asymmetrical interrupting capability should be adjusted. It very important the 
overcurrent protective device is sufficiently sized and set to handle the total short-circuit current imposed. 
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Example, if the  short-circuit X/R ratio is 5.727 if the contact parting time (interrupting time) is 1.5 cycles the 

circuit breaker is required to be able to interrupt a fault current with a ⅇ
−0.025×377

5.727 𝑥100 =  19.2% DC component, 
and hence the total asymmetrical current that the circuit breaker must be capable of interrupting is 
√1 + 2 × (0.192)2 =1.0362 times the specified symmetrical short circuit rating. If the X/R ratio is 32 with a 
circuit breaker cycle time of 1 cycle the circuit breaker must be capable of handling a DC component of  

ⅇ
−0.025×377

5.727 𝑥 100 = 82.2% and be capable of interrupting asymmetrical current of √1 + 2 ∗ (0.822)2 = 1.53341 
times the specified symmetrical short-circuit rating.  

Generator Performance during a Short-Circuit 

Generators performance during short-circuit is a bit more complex to calculate because the fault current rapidly 
decays within milliseconds to a steady-state and generator windings have little ability to withstand the sudden 
heating effects and mechanical stress imposed by a fault. The thermal withstand rating of the winding is around 
7 to 10 seconds at 300-400% of rated current for a three-phase bolted faults, 3-6 seconds for line-to-line fault. 
The terminal damage curve for a ground-fault or single- phase fault is drastically reduced to around 1 to 3 seconds 
due to magnitude of L-N fault current which does not decay. Plus, generators must be designed to provide 
adequate fault current to a short-circuit downstream in the electrical system to provide overcurrent protective 
devices enough time to react.  

The amount of available short-circuit current a generator can produce during a short-circuit event is based on the 
generator voltage, impedance, and the generator excitation support system. When a generator experiences a 
sudden load increase, such as a starting a motor, or short-circuit the output voltage and speed of the genset drops 
which causes the voltage regulator to react by increasing the amount of current to field excitation to attempt to 
stabilize the voltage. The requirements for excitation vary according to the power factor. Therefore, excitation 
requirements are greatest at lagging power factors and less at leading power factors.  Naturally the power factor 
of a short-circuit is low so the voltage regulator will maximize the amount of field force current which will 
increase the steady state short-circuit current to approximately 2-4 times the base current depending on the 
performance characteristics of the voltage regulator and excitation system.  Generator excitation support systems 
such as the open-delta or permanent magnet generator (PMG) excitation system are immune to non-linear loads 
and provide excitation support during transient load changes. The open delta system is a separate set of auxiliary 
windings in the alternator separate from main load windings and rely on residual magnetism for voltage buildup. 
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By design the mutual inductance with the main winding is minimized so not to be affected by non-linear load and 
allow the voltage regulator to perform under transient load changes such as motor starting or short-circuit.  

Figure #6 Open Delta Excitation System 

The auxiliary windings are coupled to one another in a three-phase series connection or open-delta with two open 
ends. See figure #6 for an illustration of the open delta exciter system. The four terminal points of the windings 
connected to the AVR allow for automatic switching between the output points of the open delta winding to 
provide current support to the field windings as load demand on the generator changes. This multiple output open 
delta configuration allows the AVR to utilize the first field harmonic to generate power for normal operation, 
respond to transient loads and motor starting inrush current by utilizing the zero-phase component having the 
third harmonic obtained through the open ends of the series connected windings.  

The employment of the zero-phase component for field control makes it possible for the AVR to have excellent 
response to motor starting inrush current and short-circuit faults beyond the standard of 300% of base current for 
short period of time to allow protective devices time to react to a short circuit.  

 

Generator Reactance 

The voltage and impedance, or combined reactance and resistance in generators determines the amount of short-
circuit current available at the generator terminals.  Reactance is such a large part of the total impedance that 
resistance can be disregarded. The amount of current that will flow because of a ground-fault or short-circuit is 
determined by the various reactance regions assigned to the generator (assuming constant field current). The effect 
of armature reaction to the generator air gap flux causes the current to decay over time from an initial high value 
to a steady state value dependent on the generator reactance. Reactance is dependent on the behavior of the flux 
in the armature. Figure #7 list the different reactance’s that are used to determine the performance behavior of 
current in a generator. 



 

12 
 

GENERATOR SHORT-CIRCUIT CURRENT 

 

Figure #7 Generator Reactance Table 

Reactance is typically expressed in ohms or per unit. Direct axis synchronous reactance determines steady-state 
current flows in a generator.  When a sudden change from steady state occurs, such as load change due to motor 
starting or short circuit, other reactance value come into play. This happens because the magnetic flux in the 
alternator cannot change immediately. 

Direct axis sub-transient reactance denoted as X”d is the apparent reactance of the stator winding at the instant a 
short-circuit occurs, and it determines the maximum current flow during the first few cycles of a short-circuit. 
The quantity depends on the physical characteristics and construction of the alternator. The sub-transient 
reactance is a transient effect that is directly related to the electromagnetic relationships between the various 
physical components of the alternator. The X’d is the primary reactance used in most short-circuit calculation to 
determine the available fault current within the electrical system. The symmetrical current can reach the 
equivalent to the full load current multiplied by the reciprocal of the sub-transient reactance when a short-circuit 
is initiated. Sub-transient is also used to calculate the maximum asymmetrical current to include peak 
asymmetrical that can be imposed on the generator overcurrent protective device and terminals at the instant a 
short-circuit occurs. 

Direct axis transient reactance denoted as X’d is the follow-though current due to the rapid decay of sub-transient 
(maximum) current. After the first few cycles of decaying sub-transient current behavior, the alternator’s 
performance becomes dominated by current based on transient reactance X’d and appropriate time constants. 
Transient reactance is typically used to determine the motor starting capability of a generator and is also used in 
determining circuit breaker set points. Direct axis synchronous reactance denoted as Xd is used to determine 
steady state short-circuit current. Zero-sequence reactance determines neutral currents, and negative phase 
sequence reactance is used in calculating line-to-line faults.  Neither are subject to time limitations.  
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Figure #8 Reactance Regions of a Short-Circuit 

Most generators utilize some type of excitation support system capable of supporting steady state short-circuit 
current in the range of 2 to 4 times rated current for up to 5 to 10 seconds under a three-phase short-circuit 
condition. Which means based on field forcing of the excitation system, the steady state current will be increase 
above the value of Xd by 3 to 6 times based on performance characteristics of the excitation system.  

Figure #9 Example of Short-Circuit Time Constant Test based on Percentage of Voltage Drop 

 

The generator time constant is a measurement of the magnetic inertia in a generator and gives an indication of 
machine performance under short circuit conditions. The factor is determined by conducting a test on the 
generator output by short-circuiting the terminals and measuring the reaction.  

The time elapsed between short circuit and current decline to a specific value is the generator time constant.  
Normally the decline factor used is 36.8%. 

Time constants characterize the length of time current flows during a specific instant. Typical time constants 
provided by generator manufacture: 

• Sub-transient time constant (T"d) 
• Short-circuit transient time constant (T'd) 
• Short-circuit time constant of armature Windings (Ta) 
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• Transient Open Circuit Time Constant (T’do) 

 
Figure #10 Example – Time Constant 

 
The generator short circuit ratio gives an indication of generator response to a sudden applied load. It is the ratio 
of the field current required for the rated voltage at open circuit to the field current required for the rated armature 
current at short circuit. It can be expressed as the reciprocal of the synchronous reactance. This number is usually 
in the order of 0.3-0.6. 

The following examples show how the different reactance values are used to determine what happens in a short-
circuit near generator terminals. 

Base values of the alternator must first be established. Generator rated at 400kVA, 320kW, power factor 0.8, 
voltage 480/277V.  

Ibase =  
400 𝑥 1000

480√3
=481A   

The maximum amount of available fault current when a short-circuit is initiated is based on the per unit sub-
transient reactance (X”d) which rapidly decays within a few cycles. Available short-circuit current is sometimes 
expressed as a multiplier which is the reciprocal of the per unit sub-transient reactance.  If we use a per unit X”d 
value of 0.087 the short-circuit multiplier is 11.494.  

X”d = .087 pu     ( 1

0.087
) ∗ 481.121 =   5530.12A sym. 

Instead of using a multiplier just simply divide the generator rated current by the per unit sub-transient reactance 

which will give you an RMS symmetrical current of   
481.121

0.087
= 5530.12A symmetrical.  

Another way to determine symmetrical short-circuit current is to first find the short-circuit impedance of the 

generator. The following equation can be used.        
%𝑋"𝑑 ∗ 𝑘𝑉² ∗ 10

𝑘𝑉𝐴
=Zsc,  8.7%∗ 0.48² ∗10

400
=0.050112 Ω. 

After you find the impedance simply apply ohm’s law;  

480𝑉

√3∗ 0.050112Ω
=5530.174A   RMS Symmetrical 
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Note: Generators operating in parallel: 

To find Isc symmetrical current of two generators operating in parallel you can simply add the generator Isc-
symmetrical current together or you can calculate the impedance and use ohms law to calculate the available 
short-circuit current. Example: Gen. 1#:  400kVA, 480V, 60Hz, three-phase, X”d of 0.087 pu. Gen. 2#: 300kVA, 
480V, 60Hz, three-phase, X”d of 0.079 pu. 

Gen 1#:  Zsc = 
8.7%∗ 0.48²∗10

400
= 0.050112 Ω     Gen 2#: Zsc =  

7.9%∗ .48²∗10

300
=0.060672 Ω 

1
1

0.050112
+

1

0.060672

=0.027444 Ω           
480𝑉

√3∗ 0.027444
=10,097.8A sym. 

The point in time at which the short-circuit occurs determines if the current is initially symmetrical or 
asymmetrical or a combination of both. When the fault is initiated, and the voltage is at the zero axis the current 
is asymmetrical. If the fault should occur when the voltage is at a positive or negative peak the resulting current 
is symmetrical. If a fault should occur in between the zero axis and the negative or positive peak the resulting 
current is a combination of symmetrical and asymmetrical current with a lesser dc component. The asymmetrical 
current declines at a rate of 1 to 4 cycles and the remaining current is said to be symmetrical. The resistance 
controls the DC rate of decay. The subtransient and transient time constants determine the AC rate of decay. 

                                        

Figure #11 Example of the Rapid Decay of the DC Component in an Asymmetrical Current. 

Determining the X/R ratio of a generator is a challenge since reactance changes base on time. X/R ratio is typically 
based on the reactance (X”d) divided by armature resistance (Ra). You can use the following equation to find 

armature resistance.  Find Ra armature winding resistance:  
𝑧𝑠𝑐

2∗ 𝜋∗𝑓 ∗𝑇𝑎
=Ra 

To determine X/R you have to first convert the sub-transient per unit value to an ohmic value. Generator data: 
400kVA, 480V three-phase, base current  481A,  sub-transient reactance X”d = 0.087 per unit and  transient 
reactance X’d = 0.227 per unit. Armature time constant is 22ms. 

The base voltage line to line must be converted to line to neutral voltage;  480

√3
= 277𝑉.   

Convert sub-transient reactance per unit value to an ohmic value use the following equation.  
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𝐿−𝑁 𝑉𝑜𝑙𝑡𝑎𝑔𝑒

𝑏𝑎𝑠𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡
𝑥 𝑋"𝑑 = ohms.   277

481
𝑥0.087 = 0.050101𝛺 sub-transient reactance,  

277

481
𝑥0.227 = 0.130725𝛺 transient reactance 

Find Ra:  Zsc = 0.050112 Ω, Ta = 22ms, f = frequency (60Hz) 
0.050112

2𝜋60∗0.022
=0.006042 

X/R = 0.050101 / 0.006042 = 8.292 (sub-transient reactance region), 0.130725 / 0.006042 = 21.6 (transient 
reactance region) 

Using X/R ratio to calculate asymmetrical current can be difficult and one thing to keep in mind is it changes with 
reactance and time. Assuming voltage and frequency is constant the equation shows two variables that change 
based on time because of the rapid decay of both the AC and DC components.   X/R represents the DC component 
and Isc symmetrical current represents the AC component. Both rapidly decay over time to a steady state current.  

Isc symm. (t)√1 + 2 × (ⅇ
−𝜔(𝑡)

𝑋/𝑅 )=Asymmetrical current. 5530√1 + 2 × (ⅇ
−377∗ 0.001

8.292 ) = 9435A   

Asymmetrical current at ½ cycle = 5530√1 + 2 × (ⅇ
−377∗0.008

8.292 )= 8549A.  

The sub-transient time constant T”d = 0.013, based on time the symmetrical current is less, we are now entering 
the transient reactance region so the X/R changes to 21.6.  At 20ms (0.02) the symmetrical current drops to 
3000A applying the same equation the asymmetrical current would drop to 4658A.                  

3000 √1 + 2 × (ⅇ
−377∗0.02

21.6 ) = 4658𝐴   

                                            

Figure #12 Max Asymmetrical and Peak Multipliers 
 
For practical purposes, maximum asymmetrical RMS current is calculated at RMS symmetrical current multiplied 
by the √3 (1.73).  Peak symmetrical instantaneous current is calculated at RMS symmetrical current multiplied 
by the  √2  (1.414).  Example; Generator data, 400kVA, 480V, base current 481A, X”d = 0.087 per unit.  RMS 
symmetrical current = 481A/0.087 pu = 5530A symm. 
 



 

17 
 

GENERATOR SHORT-CIRCUIT CURRENT 

5530A * √2 = 7821A Peak symmetrical current, 5530A * √3 = 9578A Asymmetrical current. 1.732 * 1.414 = 
2.44. Peak asymmetrical instantaneous current is RMS symmetrical current multiplied by 2.44.  5530 * 2.44 = 
13,493A. 
 

                                               
Figure # 13 Peak & Asymmetrical Current Multiplier – ½ Cycle 

 
The accepted practice for calculating asymmetrical and peak instantaneous current is to calculate the current 
which is available 1/2 cycle after the short circuit starts. A fully offset wave the maximum current occurs at the 
end of the first half cycle and at this point the DC component has already started to decay. Systems operating at 
600 volts or less the multiplier for ½ cycle value for the RMS asymmetrical current is 1.4, and peak asymmetrical 
instantaneous current is 1.7 times the RMS symmetrical current.  
  
 Negative sequence reactance (X2) is an important reactance in determining the fault current in a line to line 
short-circuit fault at the terminals of a three-phase generator. 
400kVA, 60Hz, 480V, three-phase, 481A rated current. X”d = 0.087pu and  X2 = 0.1pu 

𝑅𝑎𝑡𝑒𝑑 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑥 √3

𝑋"𝑑 + 𝑋2
= RMS symmetrical current 

481 × √3

0.087 + 0.1
= 4455𝐴 𝑅𝑀𝑆 𝑠𝑦𝑚 

Zero sequence reactance is used to determine short-circuit current in a line to neutral or line to ground short-
circuit based on the system is neutral-ground bonded systems. X”d = 0.087 pu, Xo = .009pu. X2 = 0.1pu and 
rated current is 481A. Following equation is used to calculate line to ground RMS symmetrical current: 

 
𝑅𝑎𝑡𝑒𝑑 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 × 3

𝑋"𝑑 + 𝑋2 + 𝑋𝑜
= Isc sym.             481×3

0.087+0.10+0.009
  = 7362A RMS symm. 

Line to line or line to ground symmetrical fault current due to a short-circuit are not limited by time constants and 
cause mechanical and thermal stress on the armature.  
 
Another factor that should be taken into consideration is sub-transient and transient reactance changes when there 
is a voltage deviation from machine rated voltage. The per unit reactance value changes inversely (rated volts 
down, reactance up) with is the square of the voltage ratio if the kVA rating remains the same. This can have a 
direct impact on the amount of available short-circuit current.  
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Example: 

Generator 400kVA, rated voltage 240V, sub-transient reactance X”d is 0.087 pu. Voltage adjusted to 208V, use 
the following equation to adjust X”d.   (240 ∕ 208)2 𝑥 0.087 = 0.115 𝑝𝑢 

Isc calculated based on using the sub-transient reactance value of 0.087. Generator rated voltage 240/139V, rated 
current 962A.   962 / 0.087= 11,057A.  Voltage adjusted to 208/120V the base current is 1,110A. 

1110 / 0.115= 9652A.  

Generator Short-Circuit Current Modeling 

Most manufactures supply a short-circuit time-curve based on symmetrical RMS current. The purpose of the time 
current curve is view short-circuit current based on time ensure proper selection and setting of the overcurrent 
protection device. Each manufacture may use a slightly different method to model generator short-circuit current 
behavior and excitation support.  

The next illustration is generator submittal data and short-circuit current decrement curve provided by Marathon 
Electric for a 325kVA alternator. The curve shows three-phase RMS short-circuit current symmetrical, Line to 
line and line to neutral short-circuit current. The steady state current does not reflect the synchronous reactance 
value Xd listed on the generator submittal data sheet the reason why is the value was replaced to represent 300% 
PMG excitation support up to 10 seconds.  

        

Figure # 14 Decrement Curve for 325kVA Alternator (Courtesy of Marathon Electric) 
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Figure #15 Marathon Electrical Submittal Data – 325kVA (Courtesy of Marathon Electric) 

The basic equation to determine RMS symmetrical short-circuit current versus time is listed below. 

𝐼𝑆𝐶(𝑡) = (𝐼” − 𝐼′) × ⅇ
− 

𝑇

𝑇”𝑑 + (𝐼′ − 𝐼𝑠𝑠) × ⅇ−
𝑇

𝑇′𝑑 + 𝐼𝑠𝑠    
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 Figure #17, 325kVA Short-Circuit Decrement Curve Plotted using Time-Current Equation 

Using the current to time equation based on the data in figure #16 a similar graph can be plotted using Excel 
spreadsheet see figure #17. The 325kVA decrement curve shows three-phase symmetrical short-circuit current, 

Figure #16 Spreadsheet Data from Marathon Generator Submittal Sheet  
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line-to-line and line to neutral short-circuit current. Synchronous reactance value changed to reflect 300% field 
excitation from a PMG system. In the absent of a short-circuit decrement curve from a manufacture the time-
current equation can be used to plot a curve to utilize for the purpose of verifying adequate overcurrent protection 
and settings. 

 

Figure #18, 400kVA Generator Data 

 

Figure #19 Instantaneous short circuit current at a specified time and angle of phase. 
Plot calculated by Mukesh Patel, Multiquip, Inc. 
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Another variable used in conjunction with a current/time equation which provides a more adequate picture of 
maximum peak asymmetrical current at a point in time is phase angle = θ. Based on the generator data in figure 
#18 the illustration in figure #19 shows a plot of the instantaneous short-circuit current at a specified point in time 
and angle of phase. The initial symmetrical fault current is calculated at 5,529A RMS symmetrical. If the fault 
should occur at θ0 = 120° based on the plot the peak asymmetrical current is 10,959A. The peak asymmetrical 
current only last for a fraction of a cycle however it causes the highest amount of mechanical stress and damage 
to the system.  

 

Figure #20 DCA400SSI4F3, 400kVA Generator Short-Circuit Decrement Curve 

Figure # 20 is an example of a short-circuit decrement curve for a DCA400SSIU4F3, 400kVA generator. The 
curve is based on the generator data in Figure #18. The short-circuit curve shows both symmetrical and 
asymmetrical current based on time. The Xd value in figure#18 does not match the the steady state current value 
in the decrement curve . The reason is the ploted decrement curve reflects the exciter field force current which is 
approximately 380% of rated current 

The decrement curve can be used as a comparison to the  circuit breaker trip curve to verify current reaches the 
trip time region of the curve to trip the breaker if a short-circuit fault should occur. Figure #21 is an example of a 
circuit breaker trip curve with generator fault current curve plotted.  
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The decrement curve was plotted using ABB E-design software. Generator curve plotted based on the data from 
figure #18 (400kVA). The circuit breaker selected is an ABB - T7S 1000 w/Pr231/LS/I – M motorized circuit 
breaker. 

                       

Figure #21 Generator Circuit Breaker Trip Curve 

Based on rapid decay of short-circuit current for 480V operations, the circuit breaker would have to be adjusted 
to 3.5 or 4.5 see ABB time current curve. Generator circuit breaker trip curve shows a maximum amount of short-
circuit current of approximately 5530A RMS symmetrical. The current decays to about 4500A and hits the trip 
region in less than 1 cycle. Current decays to a steady state around 600ms. 

Calculate Short-Circuit Current in a Temporary Installation 

The method we used to calculate the available fault current within the electrical system in figure #4 can also be 
used to calculate the available short-circuit current in a temporary installation. The illustration in figure #22 shows 
a single line drawing for a temporary installation using a 400kVA generator as the power source.  
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Figure #22, Single-line drawing showing available fault current at different points within the temporary 
electrical system. Available fault current calculated using the Point-to-Point method. 

The values in the example are calculated using the tables on page 31-33. Generator data used is from figure #18. 

Step 1:  

400kVA generator, 480/277V, 60Hz, three-phase, X”d = 0.087, short-circuit armature time constant Ta = 22ms, 
rated current at 0.8 PF = 481.125A 

Find short-circuit impedance value:       
%𝑋"𝑑 ∗ 𝑘𝑉² ∗ 10

𝑘𝑉𝐴
=Zsc,  8.7%∗ 0.48² ∗10

400
=0.050112 Ω 

Convert X”d to an ohm value.  
277

481
× 0.087= 0.050101 Ω 

Find resistance  = √0.0501122 − 0. 0501012 = 0.001049 Ω 

Find the short-circuit current RMS symmetrical:  
480

√3∗ 0.050112
=5530.174A   RMS Symmetrical 
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Note: 

Motor short-circuit current is approximately equal to locked rotor amps. This method an acceptable multiplier to 
use is 5 times the full load amperage (FLA)of the motor.  To find motor short-circuit current contribution add all 
the motors FLA together and multiply by 5.  If the value is significant add the current to the Isc of the power 
source and at each point in the system. 

The motors in the circuit are 11/2 Hp, FLA 4A, 3Hp, FLA 6A and 15Hp, FLA 25A.  4 + 6 + 25 = 35A,  

35A * 5 =175A motor short-circuit current contribution.  

Add motor short-circuit current contribution.  5530.174A + 175A = 5705.174A sym 

Step 2:  

Find the reactance of the overcurrent device (1000A circuit breaker). Use table 4.  0.00007 Ω 

Add the resistance values together up to this point in the circuit = 0.001049 Ω, Add the reactance values together 
up to this point in the circuit = 0.050171 Ω 

Z = √0.0010492 + 0.0501712 = 0.050181 Ω 

Isc = 
480

√3𝑥⋅0.050181
= 5522A sym. 

Add motor short-circuit current contribution = 5522 + 175A = 5697.57A sym. 

Step 3: 

Find the resistance and reactance of the phase conductors. Use table 5. 

4/0 type W single conductor 100’ – parallel run (free air). Use value for value in table for non-metallic. 

R =  (length / 1000) x (impedance /number conductors per phase)  
100

1000
∗

0.0511

2
=  0.002555 Ω 

X = (length / 1000) x (impedance /number conductors per phase)  
100

1000
∗

0.0314

2
=  0.00157 Ω 

Add the resistance values together up to this point in the circuit = 0.001049 + 0.002555 = .003604 Ω, Add the 
reactance values together up to this point in the circuit = 0.050101 + 0.00007 + 0.00157 = 0.051741 Ω 

Z = √0.0036042 + 0.0517412 = 0.051866 Ω 

Isc = 
480

√3𝑥⋅0.051866
= 5343A sym. 

Add motor short-circuit current contribution 5343A + 175A =5518A  sym.  

Step 4: 

Find the resistance and reactance of the overcurrent device (molded case circuit breaker 100A). Use table 4.   
Resistance = 0.00200 Ω, Reactance = 0.00070 Ω  

Add the resistance values together up to this point in the circuit = 0.001049 + 0.002555 + 0.00200 = 0.005604 Ω, 
Add the reactance values together up to this point in the circuit = 0.050101 + 0.00007 + 0.00157 + .00070 = 
0.052441 Ω 
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Z = √0.0056042 + 0.0524412 = 0.052739 Ω 

Isc = 
480

√3𝑥⋅0.052739
= 5254AA sym. 

Add motor short-circuit current contribution 5254A + 175 = 5429A sym  

Step 5: 

Find the resistance and reactance of the phase conductors. Use table 5. 

1 AWG bandit 3-ph. Conductors, 100’ (free air). Use value for value in table for non-metallic. 

R =  (length / 1000) x (impedance /number conductors per phase)  
100

1000
∗

0.1290

1
= 0.0129 Ω 

X = (length / 1000) x (impedance /number conductors per phase) 
100

1000
∗

0.0342

1
= 0.00342 Ω 

Add the resistance values together up to this point in the circuit = 0.001049 + 0.002555 + 0.00200 + 0.0129 = 
0.018504 Ω, Add the reactance values together up to this point in the circuit = 0.050101 + 0.00007 + 0.00157 + 
.00070 + .00342 = 0.055861 Ω 

Z = √0.0185042 + 0.0558612 = 0.058845 Ω 

Isc = 
480

√3∗ 0.058845
= 4709A sym 

Add motor short-circuit current contribution 4709A + 175A = 4884A sym. 

The available short-circuit current drops the further you get from the generator terminals.  
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Figure #23 Point to Point Method (Two Generators Operating in Parallel) 

 

Point -to -Point Method of Calculating Available Short-Circuit Current 

The Point-to-Point method is a simplified method of calculating available fault current in the field. Recommend 
reading:  

Bulletin EDP-1 (2004) Engineering Dependable Protection for an Electrical Distribution System, Part 1, A 
Simple Approach to Short- Circuit Calculations. Cooper-Bussmann. Retrieved from; 
http://www1.cooperbussmann.com/library/docs/EDP-1.pdf 

Basic Point-to-Point Calculation Procedure; 
 
Power Source – Determine Isc at the beginning of circuit from the power source. If the power source is utility if 
Isc is known use it if it unknown assume unlimited primary short-circuit current (infinite bus). If a transformer 
is the start of the circuit first determine Isc at the secondary windings of the transformer. 

http://www1.cooperbussmann.com/library/docs/EDP-1.pdf


 

28 
 

GENERATOR SHORT-CIRCUIT CURRENT 

 
Step 1. Determine the 3-phase transformer full load amperes from either the nameplate or the following 
formulas: 
𝑘𝑉𝐴×1000

𝑉(𝐿−𝐿) 𝑋 √3
=Ibase,  Find the impedance either on the data plate or use table 1.2. Find the transformer 

multiplier.  100 / %Z = multiplier.  Ibase * multiplier = Isc RMS symmetrical 
 
If the power source is a generator find the base current first then simply divide it by the X”d pu value to find 
maximum Isc. Figure #23 shows two 400kVA generator operating in parallel, 480V, three-phase, 60Hz, X”d per 
unit 0.087. 
 
Find the base current first for each generator.  

𝑘𝑉𝐴 ∗ 1000

𝑉(𝑙−𝑙)∗ √3
= Ibase,   

400 ∗ 1000

480∗ √3
=481.12A,    

Second, calculate the maximum available fault current for each generator in parallel. 481.12A / 0.087 = 5530A 
RMS symmetrical.  
 
Calculate the AFC at generator terminals you must first determine other generator Isc after F-factor reduction 
then add the two available short-circuit values together see figure #23 as an example.    
 
Step 2. Calculate the F-Factor     (3-phase)    

2∗ 𝐿∗ 𝐼𝑠𝑐

𝑁∗ 𝐶∗ 𝑉
=F-Factor 

 
L = Length of conductor (feet) 
Isc = Available fault current at the beginning of the circuit 
N = Number of conductors per phase 
C = Constant from Table 6. Temporary application cable on the ground in free air use column for non-metallic. 
V = Voltage line to line 
 
Calculate the multiplier (M) = 1

1+𝐹−𝑓𝑎𝑐𝑡𝑜𝑟
= 𝑀,  Isc at the beginning of the circuit multiplied by M = Isc 

(Available fault current at the point of the terminals) 
 
 
 
Note. Motor short-circuit contribution, if significant, may be added to each point in the circuit. A practical 
estimate of motor short-circuit contribution is to multiply the total motor FLA current by 5. 
The motors in the circuit are 11/2 Hp, FLA 4A, 3Hp, FLA 6A and 15Hp, FLA 25A.  4 + 6 + 25 = 35A,  

35A * 5 =175A motor short-circuit current contribution. The motor contribution is small, so it was not included 
in the AFC calculations listed in figure #23.   

 
 
Procedures for calculating Isc at the terminals of a secondary transformer in circuit. 
Three-phase transformer:  Find the F-Factor for the transformer first. 
𝐼𝑠𝑐 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 ∗ 𝑉 𝑝𝑟𝑖𝑚𝑎𝑟𝑦∗ √3 ∗(%𝑍)

100,000∗ 𝑘𝑉𝐴 𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟
 = f   Single-phase transformer:  

𝐼𝑠𝑐 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 ∗ 𝑉 𝑝𝑟𝑖𝑚𝑎𝑟𝑦(%𝑍)

100,000∗ 𝑘𝑉𝐴 𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟
 = f 

 
Find the multiplier (M): 1

1+𝐹−𝑓𝑎𝑐𝑡𝑜𝑟
= 𝑀         𝑉𝑝𝑟𝑖𝑚𝑎𝑟𝑦

𝑉𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦
∗ 𝑀 ∗ Isc primary = Isc secondary. 
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Note: 
Figure #23 shows an example of a temporary application with two generators of the same size and characteristics 
operating in parallel. Based on the point-to-point calculations X1 – available fault current (AFC) exceeds the 
short-circuit current rating (SCCR) of the DH unit. To continue operating in this manner could cause extensive 
damage to the equipment if a fault should occur. This could also be considered as a violation of NEC article 
110.10.  

Conclusion 

Calculating available fault current in an electrical circuit is a requirement of the NEC code, NFPA 70E and plays 
important factor in short-circuit studies, coordination, selection of overcurrent protective devices, hazard analysis 
and PPE assessments to protect people and equipment. As you can tell by the numerous NEC articles requiring 
short-circuit current calculations, the National Electrical Code is becoming more and more in tune with NFPA 
70E, which is mentioned in informational note No.1 in article 110.24. Short-circuit current determination is the 
first step in performing hazard assessments, calculating arcing current, incident energy and determining arc flash 
protective boundaries.  

Several methods can be used to calculate available short-circuit current. Out of the two methods illustrated in this 
paper the simplest methods to use in the field is the Point-to-to-Point method which provides a level of acceptable 
accuracy without the use of complex equations and computer software programs.   

Generator short-circuit behavior can be a little complex due to the rapid decay of current. Manufacture generator 
data sheets and short-circuit current behavior modeling such as decrement curves simplifies the process of 
reviewing short-circuit current behavior based on time. Generator modeling aids in determining circuit breaker 
instantaneous short-circuit current setpoints. As shown in the point-to-point method maximum available short-
circuit current from a generator is calculated based on sub-transient reactance. However always keep in mind the 
rapid decay which could influence down streams overcurrent protective devices. Hopefully, this short paper took 
out some of the mystery of calculating available short-circuit current when using a generator as the sole source of 
power in a temporary application. 
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