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Unique Features of Paladin DesignBase Short Circuit Program



The salient features of the Paladin DesignBase advanced short circuit program:



 Fault analysis of complex power systems having over 50,000 buses Modeling Exact short circuit current and contributions computation using Three-Sequence  Simulate sliding and open conductor faults  High speed simulation by utilizing state-of-the-art techniques in matrix operations (sparse matrix and vector methods)  Automated reactor sizing for 3 Phase networks  Exporting and importing data from and to Excel  Import system data from Siemens/PTI format into Paladin DesignBase  Customize reports  Professional report tool based on Crystal Reports  UPS source bypass  Support of ANSI and IEC standards for PDC (protective device coordination)  Support of ANSI and IEC standards for PDE (protective device evaluation)  Fully integrated with ARC flash program  Fully integrated with PDC  Minimum and maximum utility fault contribution  UPS bypass mode and motors fed from VFD features



1



Short Circuit Analysis Program ANSI/IEC/IEEE



1.1



What’s new in this release







New Bus Short Circuit Evaluation feature (PDE). Seamlessly provides instant comparison of short circuit results and bus ratings.







New Impedance Tolerance feature for generators, transformers and feeders. Enables easy setup of multiple maximum and minimum fault calculations.







Improved photovoltaic short circuit model. Introduces advanced inverter options for accurate calculations.







Additional flexible annotations. Provides options to simultaneously display several short circuit components on the one line diagram.







New Case Study feature that enables to save customized short circuit options.







Extended computation of thermal currents to LG, LL, and LLG faults.







New VFD Regenerative Mode. Augments IEC-61363 motor short circuit model with a new user defined percent rating of let-through current.
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INTRODUCTION



A short circuit is an accidental electrical contact between two or more conductors. Protective devices such as circuit breakers and fuses are applied to isolate faults and to minimize damage and disruption to plant’s operation.



2.1



Type of Faults



The most common faults are:    



Three-Phase Fault, with or without ground (3P, or 3P-G) Single line to ground Fault (L-G) Line to Line Fault (L-L) Line to line to ground Fault (L-L-G)



Estimated frequency of occurrence of different kinds of fault in power system is: 3P or 3P-G: L-L: L-L-G: L-G:



8% 12 % 10 % 70 %



Severity of fault: Normally three-phase symmetrical short circuit (3P) can be regarded as the most severe condition. There are cases that can lead to single phase fault currents exceeding the three-phase fault currents; however, the total energy is less than a three-phase fault. Such cases include faults that are close to the following types of equipment:    



The Wye side of a solidly grounded delta-wy transformer / auto-transformer The Wye-Wye solidly grounded side of a three winding transformer with a delta tertiary winding A synchronous generator solidly connected to ground The Wye side of several Wye grounded transformers running in parallel
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Type of Short Circuits: a):3P – three-phase; b):L-L, line-to-line; c):L-L-G, line-to-line-to-ground; and d): L-G, line-to-ground



2.2



Terminology



Arcing Time - the interval of time between the instant of the first initiation of the arc in the protective device and the instant of final arc extinction in all phases. Available Short Circuit Current - the maximum short circuit current that the power system could deliver at a given circuit point assuming negligible short circuit fault impedance. Breaking Current - the current in a pole of a switching device at the instant of arc initiation (pole separation). It is also known as “Interrupting Current” in ANSI Standards. Close and Latch Duty - the maximum rms value of calculated short circuit current for medium and highvoltage circuit breakers, during the first cycle, with any applicable multipliers with regard to fault current X/R ratio. Often, the close and latching duty calculation is simplified by applying a 1.6 factor to the first cycle symmetrical AC rms short circuit current. Close and latch duty is also called “first cycle duty,” and was formerly called momentary duty. Close and Latch Capability - the maximum asymmetrical current capability of a medium or high-voltage circuit breaker to close, and immediately thereafter latch closed, for normal frequency making current. The close and latch asymmetrical rms current capability is 1.6 times the circuit breaker rated maximum symmetrical AC rms interrupting current. Often called “first cycle capability.” The rms asymmetrical rating was formerly called momentary rating. Contact Parting Time - the interval between the beginning of a specified over current and the instant when the primary arcing contacts have just begun to part in all poles. It is the sum of the relay or release delay and opening time. Crest Current / Peak Current – the highest instantaneous current during a period. Fault – an abnormal connection, including the arc, of relative low impedance, whether made accidentally or intentionally, between two points of different voltage potentials.
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Short Circuit Analysis Program ANSI/IEC/IEEE Fault Point X/R – the calculated fault point reactance to resistance ratio (X/R). Depending on the Standard, different calculation procedures are used to determine this ratio. First Cycle Duty – the maximum value of calculated peak or rms asymmetrical current or symmetrical short circuit current for the first cycle with any applicable multipliers for fault current X/R ratio. First Cycle Rating – the maximum specified rms asymmetrical or symmetrical peak current capability of a piece of equipment during the first cycle of a fault. Interrupting Current – the current in a pole of a switching device at the instant of arc initiation. Sometimes referred to as “Breaking Current”, I b , IEC60909. Making Current – the current in a pole of a switching device at the instant the device closes and latches into a fault. Momentary Current Rating – the maximum available first cycle rms asymmetrical current which the device or assembly is required to withstand. It was used on medium and high-voltage circuit breakers manufactured before 1965; present terminology: “Close and Latch Capability”. Offset Current - an AC current waveform whose baseline is offset from the AC symmetrical current zero axis. Peak Current – the maximum possible instantaneous value of a short circuit current during a period. Short circuit current is the current that flows at the short circuit location during the short circuit period time. Symmetrical short circuit current is the power frequency component of the short circuit current. Branch short circuit currents are the parts of the short circuit current in the various branches of the power network. Initial short circuit current IK" is the rms value of the symmetrical short circuit current at the instant of occurrence of the short circuit, IEC 60909. Maximum asymmetrical short circuit current Is is the highest instantaneous rms value of the short circuit current following the occurrence of the short circuit. Symmetrical breaking current Ia , on the opening of a mechanical switching device under short circuit conditions, is the rms value of the symmetrical short circuit current flowing through the switching device at the instant of the first contact separation. Rated voltage VR the phase-to-phase voltage, according to which the power system is designated; IEC U R the rated voltage is the maximum phase-to-phase voltage. Nominal Voltage UN – (IEC) the nominal operating voltage of the bus. Initial symmetrical short - circuit power S K " is the product of System breaking power S B is the product of



3 *I a * UN
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Short Circuit Analysis Program ANSI/IEC/IEEE Minimum time delay t min is the shortest possible time interval between the occurrence of the short circuit and the first contact separation of one pole of the switching device. Dynamic stress is the effect of electromechanical forces during the short circuit conditions. Thermal stress is the effect of electrical heating during the short circuit conditions. Direct earthing / effective earthing is the direct earthing of the neutral points of the power transformers. Short circuit earth current is the short circuit current, or part of it, that flows back to the system through the earth. Equivalent generator is a generator that can be considered as equivalent to a number of generators feeding into a given system. DesignBase Short Circuit Analysis Program is based on ANSI/IEEE and IEC Standards and fully complies with the latest ANSI/IEEE/IEC Standards:  ANSI/IEEE Std. 141 – 1993, IEEE Recommended Practice for Electric Power Distribution of Industrial Plants (IEEE Red Book)  ANSI/IEEE Std. 399 – 1997, IEEE Recommended Practice for Power Systems Analysis (IEEE Brown Book)  ANSI/IEEE Standard C37.010 – 1979, IEEE Application Guide for AC High-Voltage Circuit Breakers Rated on a Symmetrical Current Basis  ANSI/IEEE Standard C37.5-1979, IEEE Application Guide for AC High-Voltage Circuit Breakers Rated on a Total Current Basis  ANSI/IEEE Standard C37.13-1990, IEEE Standard for Low-Voltage AC Power Circuit Breakers Used in Enclosures  IEC-909 – 1988, International Electro technical Commission, Short Circuit Current Calculation in ThreePhase Ac Systems  UL 489_9 – 1996, Standard for Safety for Molded-Case Circuit Breaker, Molded-Case Switches, and Circuit-Breaker Enclosures  “A Practical Guide to Short-Circuit Calculations”, by Conrad St. Pierre  IEC 60909-0/2001-07, Short-circuit currents in three-phase AC systems, Part 0: Calculation of currents  IEC 60909-3/2003, Short-circuit currents in three-phase AC systems, Part 3: Currents during two separate simultaneous line-to-earth short-circuits and partial short-circuit currents flowing through earth  IEC 60947-1:2000-10, Low-voltage switchgear and controlgear – Part 1: General rules  IEC 60947-2:2003, Low-voltage switchgear and controlgear – Part 2: Circuit breakers  EN 60947-3:1999, Low-voltage switchgear and controlgear – Part 3: Switches, disconnectors, switchdisconnectors and fuse-combination units  BS EN 62271-100:2001, High-voltage switchgear and controlgear – Part 100: High-voltage alternatingcurrent circuit-breakers  IEC 62271-111:2005-11, High-voltage switchgear and controlgear – Part 111: Overhead, pad-mounted, dry vault and submersible automatic circuit reclosers and fault interrupters for alternating current systems up to 38 kV
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Sources in Fault Analysis



Power utilities, all rotating electric machinery, and regenerative drives are sources in fault calculations.



½ Cycle Network Duty The decay of short circuit current is due to the decay of stored magnetic energy in the equipment. The impedance used during the first ½ cycle is the sub-transient impedance. It is generally used for the first ½ cycles up to a few cycles; The ½ cycle network is also referred to as the sub transient network, because all rotating machines are represented by their sub transient reactance. ½ cycle short circuit currents are used to evaluate the interrupting duties for low-voltage power breakers, low voltage molded-case breakers, high and low voltage fuses and withstand currents for switches and highvoltage breakers. The following table shows the type of device and its associated duties using the ½ cycle network. Type of Device



Duty



High voltage circuit breaker Low voltage circuit breaker Fuse Switchgear and MCC Relay



Closing and latching capability Interrupting capability Bus bracing Instantaneous settings



Table 1: Recommended ANSI Source Impedance Multipliers for 1st Cycle and Interrupting Times Source Type



1/2-Cycle Calculations



Interrupting Time calculations



Reference



(1.5 to 4 cycles cpt)



Remote Utility (equivalent)



Z



" s



Local Generator



Z



Synchronous Motor



" Z dv



Large Induction Motors: >1000 HP or 250 HP and 2 poles



Zs



" dv



Z



Z"



ANSI C37.010



" dv



ANSI C37.010



" 1.5* Z dv



ANSI C37.010



"



ANSI C37.010



1.5* Z



Medium Induction Motors 50 to 249 HP or 250 to 1000 HP 1.5 times the Generator Z’’dv. For remote fault the multiplying factor is MFr: -4 



MFr 



1  2e X / R S



C



80
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Short Circuit Analysis Program ANSI/IEC/IEEE Where C = CB Contact Parting Time in Cyc. Local – For any local fault the multiplying factor MFl is calculated using the following formula within DesignBase or look up tables. The equations are not given in ANSI C37.101, but are empirical equations to match the curves within the ANSI breaker standard. -4



MFl 



K 2  2e X / R S



C



,
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where: Table 7: K factor 1.1.أ.1



CPT 1.5 2 3 4



K= 2 3 1.0278 - 0.004288(X/R) + 0.00002945(X/R) - 0.000000068368(X/R) 2 3 1.0604 - 0.007473(X/R) + 0.00006253(X/R) - 0.0000002427(X/R) 2 3 1.0494 - 0.00833(X/R) + 0.00006919(X/R) - 0.000000075638(X/R) 2 3 1.0370 - 0.008148(X/R) + 0.0000611(X/R) - 0.0000002248(X/R)



The Adjusted Multiplying Factor (AMFi) is equal to: AMFi = MFl +NACD (MFr-MFl),
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If AMFi is less than 1.0 then the program uses 1.0 5.



Calculate Iint, All Remote: All Local:



Iint = MFr*Iint,rms,sym Iint = MFl*Iint,rms,sym



Mixed local and remote:



6.



Calculate 3 phase Device Duty by adjusting the device interrupting duty based on rated voltage using the following formula:



3P Device Duty  Min ( 7.



Iint = AMFi*Iint,rms,sym



Device Int Rating * Rated Max kV * Device Max Int Rating) Operating Voltage kV



Compare Iint against the CB 3P Device Duty. If 3P Device Duty  Iint, then the device Passes, otherwise it Fails.



8.



Calculate % rating = (Iint *100)/ (3P Device Duty)
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Short Circuit Analysis Program ANSI/IEC/IEEE 12.3.2 Standard Ratings for Low Voltage Circuit Breakers (LV-CBs) For Low-Voltage CBs (LV-CBs) the time of short circuit current interruption occurs within the sub transient time interval. However, the interrupting capabilities of unfused LV-CBs are sensitive to the maximum peak magnitude of the total /asymmetrical fault current. If the device library does not have a value for X/R then the following default values are used as default by the program: Table 8: Default Device X/R Values Using DesignBase’s Library Breaker Type Unfused Power Circuit (PCB) Breaker Fused Power Circuit Breaker, MCCB, ICCB (Insulated Case CB) Molded Case (MCCB), ICCB rated  10,000A Molded Case MCCB), ICCB rated 10,001-20,000 A Molded Case (MCCB), ICCB rated > 20,000 A



Test %PF 15 20



Test X/R 6.59 4.9



50 30 20



1.73 3.18 4.90



The following steps are used to calculate the low voltage circuit breaker interrupting: 1. Calculate the ½ cycle interrupting short circuit (Isym,rms). 2. Calculate Low Voltage Multiplying Factor (LVF) PCB: Power Circuit Breaker ICCB: Insulated Case Circuit Breaker



Fused PCB / MCCB / ICCB



LVFasym 



(1  2e



-



(1  2e



-



2 Calc X/R 2 Test X/R



)



( EQ  7)



) ,
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Unfused PCB / MCCB / ICCB with Instantaneous setting



LVFp 



(1  e



-



(1  e



2 πτ X/Rcalc



 2 πT X/Rtest



) ) ,
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  0.49 - 0.1e



-X/Rcalc 3



and T  0.49 - 0.1e



- X/Rtest 3



In Options of the short circuit Tab “Control for ANSI/IEEE” , the user can select to use  =T = 0.5 instead of using the empirical formula by selecting “Applies 0.5 Cycles”.



Unfused PCB without Instantaneous setting If the breaker does not have an instantaneous setting then the breaker has two interrupting rating (peak and asymmetrical). Therefore the LVFp and LVFasym are calculated.



LVFasym 



(1  2e



-



4t X/Rcalc



(1  2e



-



4t X/Rtest



) ) 85



Where t is the breaker minimum short time trip in cycles at interrupting duty. The default value used by DesignBase is 3 cycles. The peak interrupting rating is calculated as follows:



LVFp 



(1  e



-



(1  e



2 πτ X/Rcalc



 2 πT X/Rtest



) ) 86



Where



  0.49 - 0.1e



-X/Rcalc 3



and T  0.49 - 0.1e



- X/Rtest 3
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Short Circuit Analysis Program ANSI/IEC/IEEE 3. If any of the LVF is less than 1.0 then uses 1.0



4. Calculate adjusted Interrupting factor Fused Breakers Iint,adj = LVFasym* Isym,rms (the 3-8 cycle interrupting short circuit) Unfused Breakers With Inst Iint,adj = LVFp* Isym,rms (the ½ cycle interrupting short circuit) Unfused Breakers Without Inst Iint,adj = LVFasym* Isym,rms (the 3-8 cycle interrupting short circuit) Iint,adj = LVFp* Isym,rms (the ½ cycle interrupting short circuit)



5. Compare Iint,adj against the CB symmetrical interrupting rating. If Device Symmetrical rating  Iint,adj, then the device passes, or otherwise it fails 6. Calculate The % rating = (Iint,adj*100)/Device Symmetrical rating



12.3.3 Standard Ratings for Low/High Voltage Fuses, and Switches The LVFs interrupting capability is the maximum symmetrical rms current which the fuse can interrupt and still remain intact. While the fuse has a symmetrical current rating it can also interrupt the DC component up to a value based on its test X/R ratio. The interrupting capabilities of LV-Fs are classified by the UL according to symmetrical current ratings in rms Amperes. In some rare cases the fuse asymmetrical rating is provided. Evaluation procedure: 3. Calculate the ½ cycle interrupting short circuit (Isym,rms). 4. Calculate Iasym: Iasym,adj = MFasym*Isym(1/2 Cyc) 



If the fuse is symmetrical rated, then MFasym is calculated using the following formula:
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MFasym (1  2e



-



2 X/R



) 87







If the fuse is asymmetrical rated, then MFasym is calculated using the following formula:



MFasym



(1  2e (1  2e



-



2 Calc X/R



2 Test X/R



) ) , 88



5. Compare Iasym,adj against the fuse symmetrical interrupting rating. If Device Symmetrical rating  Iasym,adj, then the device Pass otherwise it Fails 6. Calculate The % rating = (Iasym,adj*100)/Device Symmetrical rating.



Note:



For standard switches the same formulae are used
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ANSI DEVICE EVALUATION Perform Short-Circuit Study & Update Answer File. For frequency other than 60 Hz, then adjust the X/R where, (X/R)mod=(X/R)*60/(System Hz)   



For LVCB, MVCB & Fuses Calculate the ½ cycle short-circuit current (Isym,rms). For MVCB calculate the Iint,rms,sym. Run the PDE analysis



Fuses/ Switches



LVCB



Fuse / Switch Symmetrical Rating, selected: Calculate MF based on EQ-1 



MVCB Fused?



NO



YES



Fuse / Switch Asymmetrical Rating selected: Calculate MF based on EQ-10 



Yes



CB X/R is known?



CB X/R is known?



NO



NO



The X/R is equal to: The X/R is equal to: PCB, ICCB = 6.59 MCCB, ICCB rated 20,000 A



= 1.73 = 3.18 = 4.9



Calculate LVF based on EQ-8 for PCB breaker with Instantaneous Setting, MCCB and ICCB.



Calculate LVF based on EQ-7



For PCB without instantaneous use EQ-8 & EQ-9



Go to Page 2



IF LVF < 1, then LVF =1



Is Device rating greater or Equal to Iasym,adj?



Yes



NO



MCCB/ICCB/PCBWith Instantaneous : Iint,adj =LVF*Isym,rms PCB Without Instantaneous: Iint,adj =LVFp*Isym,rms(½ Cyc) int,adj =LVFasym*Isym,rms(3-8 Cyc)



NO



Pass



Fail



Calculate %rating=Isym,adj*100/ Device rating



Is Device Symmetrical rating greater or Equal to Iint,adj?



Yes



Pass



Fail



Calculate %rating=Iint,adj*100/ Device rating



Figure 32: Device Evaluation, ANSI Standard, Part 1



100



YES



PCB, MCCB, ICCB = 4.9
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MVCB From Page 1



ANSI DEVICE EVALUATION Page 2



Calculation Based on Generation: All Remote  All Local  NACD 



In the short circuit option tab “Control for ANSI/IEEE” the user has selected the fixed MF factor



NO



Interrupting Duty YES



YES NO



Calculate: Total Remote Contribution  Total Local contribution  Total Contribution (Iint,rms,sym)  NACD using (EQ-3)  If NACD=0 then all contribution are Local  If NACD=1 then all contribution are Remote 



Peak Duty (Crest)



Peak Duty (Crest)



Momentary Duty (C&L)



MFm = 1.6



MFp = 2.7



ALL Remote



Calculate MFr using EQ-4  Iint=MFr*Iint,rms,sym 



All Local



Calculate MFp using EQ-2



Calculate MFm using EQ-1



Calculate Imom,peak=MFp*Isym,rms



Calculate Imom,asym=MFm*Isym,rms



Calculate MFl using EQ-5  Iint=MFl*Iint,rms,sym 



Is Device peak (crest) rating greater or Equal to Imom,peak?



NACD



Calculate: NACD using EQ-3  MFr using EQ-4  MFl using EQ-5  AMFi = using EQ-6.  If AMFl less than 1 use 1.0  Iint = AMFi*Iint,rms,sym/S 



Yes



NO



Is Device Int rating greater or Equal to calculated Iint?



Calculate %rating=Imom,peak*100/ device peak (crest) rating



NO Yes



Pass



Fail



Pass



Fail



Calculate 3 phase device duty using EQ-6a



NO



Fail



Calculate %rating=Iint*100/ 3P device Int rating



Figure 33: Device Evaluation, ANSI Standard, Part 2
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Momentary Duty (C&L)



Is Device C&L,rms rating greater or Equal to Imom,rms,asym?



Yes



Pass



Calculate %rating=Imom,rms,asym*100/ device C&L,rms rating



Short Circuit Analysis Program ANSI/IEC/IEEE 12.4



IEC Standard Based Device Evaluation (PDE IEC)



12.4.1 Circuit-Breakers Circuit-breaker design techniques have improved over time leading to benefits of technical performances, reduced size, weight, energy requirements and cost. This progression is also perceived to have led to an inevitable reduction in inherent design margins such that much of the older equipment, for which extensive operating experience is available, may have considerable margins in hand-over and above modern equipment. This trend is not problematic in itself but further emphasizes the need for future testing regimes to be fully representative of the system conditions in which the equipment needs to function correctly. In technologies where the interruption capability is fundamentally constant regardless of the switching duty, interpolation of test evidence is relatively simple and accepted. However, in technologies where the basic interruption characteristics of the device are duty dependent, such interpolations are far more difficult to achieve simply and it is quite conceivable that critical fault duties may be identified at fractional short-circuit levels. In principle, the high energies and relatively low di/dt values associated with an asymmetrical duty make it less onerous for such a device than an equivalent symmetrical duty. However, the effect of low energy minor loops and the possibility of extended arcing periods, in what are generally very short overall travel times, are factors which might prove particularly critical. Ultimately, equipment testing should consider the equipment under test to be a "black box" model regardless of the technology being employed, but this presents obvious difficulties if varying design technologies have specific sensitivities. It must be stressed at this point that there is no intention to cast doubt on the capabilities of particular equipment design philosophies merely to emphasize that as refined design techniques lead to minimized designs so the importance of well constructed and realistic testing regimes increases. An obvious, but non-preferred, solution to problems of asymmetric switching is to increase circuit-breaker operating times, although this does not alleviate the duty on other associated equipment and may be inconvenient from an overall system viewpoint. This contrary to the tendency for reducing protection times in modern equipment. High Voltage Breakers. Normally the interrupting current is a constant current at any voltage. However, some manufacturers do give a different current at various voltages. On the HV breakers it may to check if the breaker voltage rating is greater than the system voltage. The voltage rating of IEC breakers is the maximum voltage that the breaker can be applied at. Low Voltage Breakers. The same standards are used for LVPCB and MCCB. 12.4.2 Rated characteristics to be given for all circuit-breakers a1) Rated voltage Ur.: If the manufacturer indicates a few values for the rated voltage, then the greatest represents the maximum rated voltage; a2) Rated insulation level; a3) Rated frequency fr. The standard values for the rated frequency of high voltage circuit-breakers are 50 Hz and 60 Hz;
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Short Circuit Analysis Program ANSI/IEC/IEEE a4) Rated normal current Ir: Current which the main circuit of a circuit-breaker is capable of carrying continuously under specified conditions of use and behavior; a5) Rated short-time withstand current Icw. The rated short-time withstand current Icw of a CB, disconector or swich-disconector means the rms value of a rated, admited, short-time current, indicated by a manufacturer, which the equipment can support without any damages. The testing determination of this current for a concret equipment is made in standard conditions CEI 60947-1. The rated short-time withstand current must be greater than twelve times the rated maximum operation current and, without other manufacturer’s indication, the current duration must be 1 s:



I cw  12  I e , pt . Tcw  1s ,
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A complete determination of the rated short-time withstand current is made, on the base of the mentioned standard, as follows:



I cw  Max12  I e ; 5 kA, pt . I e  2,5 kA,
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I cw  30 kA, pt . I e  2,5 kA ,
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InAC the rated short-time withstand current is compearing with the rms value of the periodical short-circuit current component. It is necessary that the last mentioned value to be lower than the product between the short duration acceptable rated current and the factor n, indicated in table 3, in accordance with CEI 60947-1:



I k  n  I cw ,
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Values of the power factor, the time constants and the ratio n between the peak value and the rated shorttime withstand current.
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Short Circuit Analysis Program ANSI/IEC/IEEE Table 9: n factor based on PF and short circuit level Short-circuit current, kA ≤1,5 (1,5, 3 (3, 4,5 (4,5, 6 (6, 10 (10, 20 (20, 50 50≤



Power Factor 0,95 0,9 0,8 0,7 0,5 0,3 0,25 0,2



Time constant, ms



5



10 15



n factor 1,41 1,42 1,47 1,53 1,70 2,00 2,10 2,20



At the same time, the short duration acceptable rated current represents the upper limit value of the rms value of the short-circuit current periodical component which is presumed constant during the short timing , for which the following normalized values are recommended:



  0,05; 0,1; 0,25; 0,5;1 s The rated short-time withstand current is equal to the rated short-circuit breaking current [5, p.33] EN 60947-3:1999 Low-voltage switchgear and controlgear – Part 3: Switches, disconnectors, switchdisconnectors and fuse-combination units. a6) Rated peak withstand current (Ip): It is equal to the rated short-circuit making current; a7) Rated duration of a short-circuit tk. A rated duration of a short-circuit need not be assigned to a self-tripping circuit-breaker provided that the following applies. When connected in a circuit the prospective breaking current of which is equal to its rated short-circuit breaking current, the circuit-breaker shall be capable of carrying the resulting current for the break-time required. This break time is that required by the circuit-breaker with the over current release set for the maximum time lag when operating in accordance with its rated operating sequence. Direct over current releases include integrated tripping systems. a8) Rated supply voltage of closing and opening devices and of auxiliary circuits Ua; a9) Rated supply frequency of closing and opening devices and of auxiliary circuits; a10) Rated pressures of compressed gas supply and/or of hydraulic supply for operation, interruption and insulation, as applicable;
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Short Circuit Analysis Program ANSI/IEC/IEEE a11) Rated short-circuit breaking current Icn. The rated short-circuit breaking current is the highest short-circuit current which the circuit breaker shall be capable of breaking under the conditions of use and behavior prescribed in standards. Such a current is found in a circuit having a power-frequency recovery voltage corresponding to the rated voltage of the circuitbreaker and having a transient recovery voltage equal to a specified value. For three-pole circuit-breakers, the AC component relates to a three-phases short-circuit. The rated short-circuit breaking current is characterized by two values: – the rms value of its AC component; – the percentage DC component. If the DC component does not exceed 20%, the rated short-circuit breaking current is characterized only by the rms value of its AC component.



The circuit-breaker shall be capable of breaking any short-circuit current up to its rated short-circuit breaking current containing any AC component up to the rated value and, associated with it, any percentage DC component up to that specified, under the conditions mentioned above. The following applies to a standard circuit-breaker: - at voltages below and equal to the rated voltage, it shall be capable of breaking its rated short-circuit breaking current - at voltages above the rated voltage, no short-circuit breaking current is guaranteed. The standard value of the AC component of the rated short-circuit breaking current shall be selected from the R10 series specified in IEC 60059. The R10 series comprises the numbers {1 – 1,25 – 1,6 – 2 – 2,5 – 3,15 – 4 – 5 – 6,3 – 8} n



and their products by 10 . The value of the percentage DC component shall be determined as follows: - for a self-tripping circuit-breaker, the percentage DC component shall correspond to a time interval equal to the minimum opening time of the first opening pole Top of the circuit breaker. Time Tr in the formula (6) is to be set to 0 ms - for a circuit-breaker which is tripped solely by any form of auxiliary power, the percentage DC component shall correspond to a time interval equal to the minimum opening time of the first opening pole Top of the circuit-breaker plus one half-cycle of rated frequency Tr. The minimum opening time mentioned above is that specified by the manufacturer. The minimum opening time is the shortest opening time, which is expected by the manufacturer to cover the entire population of the circuit-breaker concerned under any operational conditions when breaking asymmetrical currents. The percentage value of the dc component (iDC%) is based on the time interval (Top + Tr) and the time constant  using the formula:



 Top  Tr id .c. %  100  exp    
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  , % 



Short Circuit Analysis Program ANSI/IEC/IEEE The graphs of the DC component against time given in figure 1 below are based on: a) standard time constant of 45 ms b) special case time constants, related to the rated voltage of the circuit-breaker: - 120 ms for rated voltages up to and including 52 kV - 60 ms for rated voltages from 72,5 kV up to and including 420 kV - 75 ms for rated voltages 550 kV and above



Figure 34: Percentage D.C. current component in relation to the time interval from initiation of short-circuit current, for different time constant.



These special case time constant values recognize that the standard value may be inadequate in some systems. They are provided as unified values for such special system needs, taking into account the characteristics of the different ranges of rated voltage, for example their particular system structures, design of lines, etc. In addition, some applications may require even higher values, for example if a circuit-breaker is close to a generator. In these circumstances, the required DC component and any additional test requirements should be specified in the inquiry.



a12) Rated ultimate short-circuit breaking capacity Icu The rated ultimate short-circuit breaking capacity Icu represents the highest rms value of the current that the device is able to interrupt without suffering significant damages.
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Short Circuit Analysis Program ANSI/IEC/IEEE The magnitude of this current, determined under the conditions specified in the product standard, is the upper (superior/higher) limit of the short-circuit ac component (the dc component is considered null):



I cu  I k
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a13) Transient recovery voltage - TRV related to the rated short-circuit breaking current is the reference voltage which constitutes the limit of the prospective transient recovery voltage of circuits which the circuit-breaker shall be capable of withstanding under fault conditions. In some cases, particularly in systems with a voltage 100 kV and above, and where the short-circuit currents are relatively large in relation to the maximum short-circuit current at the point under consideration, the transient recovery voltage contains first a period of high rate of rise, followed by a later period of lower rate of rise. This waveform is generally adequately represented by an envelope consisting of three line segments defined by means of four parameters. In other cases, particularly in systems with a voltage less than 100 kV, or in systems with a voltage greater than 100 kV in conditions where the short-circuit currents are relatively small in relation to the maximum short-circuit currents and fed through transformers, the transient recovery voltage approximates to a damped single frequency oscillation. This waveform is adequately represented by an envelope consisting of two line segments defined by means of two parameters. The influence of local capacitance on the source side of the circuit-breaker produces a slower rate of rise of the voltage during the first few microseconds of the TRV. This is taken into account by introducing a time delay. The transient recovery voltage corresponding to the rated short-circuit breaking current when a terminal fault occurs, is used for testing at short-circuit breaking currents equal to the rated value. a14) The rated short-circuit making current Icm of a circuit-breaker having simultaneity of poles is that which corresponds to the rated voltage and the rated frequency. The rated short-circuit making capacity Icm of a circuit-breaker or switch represents the value of the shortcircuit closing capacity, expressed by the highest instantaneous value of the current that the device can connect at the rated voltage and frequency and at a specified power factor. This parameter is indicated by the equipment manufacturer in the device catalogue data. According to IEC 60947-1 the rated short-circuit making capacity is established in comparison with the limit value of the short-circuit rated breaking capacity Icu, by multiplying it to the factor k, given in the table 2, for LVCB, in accordance with the relationship:



I cm  k  I cu
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Short Circuit Analysis Program ANSI/IEC/IEEE Values of the multiplying factor k when fixing the rated short-circuit making capacity Icm of the LVCB Table 10: Icu and k factor Icu, kA (6, 10 (10, 20 (20, 50 50



cos



k



0.50 0.30 0.25 0.20



1.7 2.0 2.1 2.2



The rated short-circuit making capacity implies that the breaker is able to connect the current suitable to this rated capacity at an applied voltage corresponding to the use rated voltage. Being an instantaneous value, the rated short-circuit making capacity Icm of an CB is compared with the peak current ip and the next inequality have to be fulfilled in order that the device withstands the short-circuit action:



I cm  i p
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The following values apply for the high voltage CB (Ur >1 kV): 



for a rated frequency of 50 Hz and the standard value of the time constant of 45 ms it is equal to 2,5 times the rms value of the AC component of its rated short-circuit breaking current (Icn), so a following relationship can be written:



I cm  k H  I cn ,
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where the multiplying factor kH was introduced. In this case, kH=2,5; 



for a rated frequency of 60 Hz and the standard value of the time constant of 45 ms it is equal to 2,6 times the rms value of the AC component of its rated short-circuit breaking current







for all special case time constants it is equal to 2,7 times the rms value of the AC component of its rated short-circuit breaking current, independent of the rated frequency of the circuit-breaker



a15) Rated operating sequence; a16) Rated time quantities: - opening time of a circuit-breaker defined according to the tripping method as stated below and with any time delay device forming an integral part of the circuit-breaker adjusted to its minimum setting
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Short Circuit Analysis Program ANSI/IEC/IEEE - for a circuit-breaker tripped by any form of auxiliary power, the opening time is the interval of time between the instant of energizing the opening release, the circuit-breaker being in the closed position, and the instant when the arcing contacts have separated in all poles - for a self-tripping circuit-breaker, the opening time is the interval of time between the instant at which, the circuit-breaker being in the closed position, the current in the main circuit reaches the operating value of the over current release and the instant when the arcing contacts have separated in all poles The opening time may vary with the breaking current. For circuit-breakers with more than one interrupting unit per pole, the instant when the arcing contacts have separated in all poles is determined as the instant of contact separation in the first unit of the last pole. The opening time includes the operating time of any auxiliary equipment necessary to open the circuit breaker and forming an integral part of the circuitbreaker. - arcing time (of a multipole switching device): interval of time between the instant of the first initiation of an arc and the instant of final arc extinction in all poles - break time: interval of time between the beginning of the opening time of a mechanical switching device and the end of the arcing time 12.4.3 Circuit Breaker Name Plate Data The nameplates of a CB and its operating devices shall be marked and must contain data in accordance with the standards IEC Standards. The main nameplate information is indicated in the Table 10 below.



Table 11: CB Name plate data



Information



Abbreviation



Unit



Ur



kV



Up



kV



Us



kV



fr



Hz



Ir Isc



A kA



(idc%)



%



tk



s



Manufacturer Type designation and serial number Rated voltage Rated lightning impulse withstand voltage Rated switching impulse withstand voltage Rated frequency



Rated normal current Rated short-circuit breaking current DC component of the rated short-circuit breaking current Rated duration of short-circuit



Required marking condition Mandatory for CB and operation device “ Mandatory “ Rated voltage 300 kV and above Rating is not applicable at both 50 Hz and 60 Hz Mandatory “ More than 20 % Different from 1 s



Coils of operating devices shall have a reference mark permitting the complete data to be obtained from the manufacturer. Releases shall bear the appropriate data. The nameplate shall be visible in the position of normal service and installation.
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12.4.4 FUSES The fuses can operate as single devices or can be combined with switch disconnectors. The choice depends on each application requirements and specific network conditions. One of the most critical factors for optimum protection is proper fuse selection. This can be done based on theoretical calculations but in many cases practical knowledge obtained from actual test results could make it easier and even more reliable. The speed at which a fuse blows depends on how much current flows through it and the material of which the fuse is made. The operating time is not a fixed interval, but decreases as the current increases. Fuses have different characteristics of operating time compared to current, characterized as "fast-blow", "slow-blow" or "time-delay", according to time required to respond to an over current condition. A standard fuse may require twice its rated current to open in one second, a fast-blow fuse may require twice its rated current to blow in 0.1 seconds, and a slow-blow fuse may require twice its rated current for tens of seconds to blow. A characteristic of modern cartridge fuses is that, owing to the rapidity of fusion in the case of high shortcircuit current levels, a current cut-off begins before the occurrence of the first major peak, so that the fault current never reaches its prospective peak value [Schneider]. This limitation of current reduces significantly the thermal and dynamic stresses which would otherwise occur, thereby minimizing danger and damage at the fault position. The rated short-circuit breaking current of the fuse is therefore based on the rms value of the AC component of the prospective fault current. No short-circuit current-making rating is assigned to fuses. Short-circuit currents initially contain DC components, the magnitude and duration of which depend on the XL/R ratio of the fault current loop. Close to the source (MV/LV transformer) the relationship Ipeak / I rms (of AC component) immediately following the instant of fault, can be as high as 2.5 (standardized by IEC). At lower levels of distribution in an installation, as previously noted, XL is small compared with R and so for final circuits Ipeak / Irms ~ 1.41. The peak-current-limitation effect occurs only when the prospective rms AC component of fault current attains a certain level. As already mentioned, at lower distribution levels in an installation, R greatly predominates XL, and fault levels are generally low. This means that the level of fault current may not attain values high enough to cause peak current limitation. On the other hand, the DC transients (in this case) have an insignificant effect on the magnitude of the current peak, as previously mentioned. 12.4.5 Fuse IEC Characteristic Quantities [IEC 60269-1] Prospective current (of a circuit with respect to a fuse) – current that would flow in the circuit if each pole of the fuse were replaced by a conductor of negligible impedance. For AC, the prospective current is expressed by the rms value of the AC component. Note: the prospective current is the quantity to which the breaking capacity and characteristics of the fuse 2 are normally referred, e.g. I t and cut-off current characteristics. Fuse Breaking capacity – value of prospective current that a fuse is capable of breaking at a stated voltage under prescribed conditions of use and behavior (the rms value of the periodic component, for AC). Breaking range – range of prospective currents within which the breaking capacity of a fuse-link is assured. Cut-off current – maximum instantaneous value reached by the current during the breaking operation of a fuse-link when it operates in such a manner as to prevent the current from reaching the otherwise attainable maximum.
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Short Circuit Analysis Program ANSI/IEC/IEEE Cut-off current characteristic; let-through current characteristic – curve giving the cut-off current as a function of the prospective current under stated conditions of operation. Note: in the case of AC, the values of the cut-off currents are the maximum values which can be reached whatever the degree of asymmetry. In the case of DC, the values of the cut-off currents are the maximum values reached related to the time constants as specified. Peak withstand current – value of the cut-off current that the fuse-holder can withstand. Note: the peak withstands current is not less than the highest cut-off current of any fuse-link with which the fuse-holder is intended to be associated. Pre-arcing time; melting time – interval of time between the beginning of a current large enough to cause a break in the fuse element(s) and the instant when an arc is initiated. Arcing time of a fuse - interval of time between the instant of the initiation of the arc in a fuse and the instant of final arc extinction in that fuse. Operating time; total clearing time – sum of the pre-arcing time and the arcing time. 2



I t (Joule integral) – integral of the square of the current over a given time interval:



I 2t  t 1 i 2 dt 0 t
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Notes:   



2



2



The pre-arcing I t is the I t integral extended over the pre-arcing time of the fuse 2 2 The operating I t is the I t integral extended over the operating time of the fuse The energy in Joules released in a 1Ω resistor in a circuit protected by a fuse is equal to the value of 2 2 the operating I t expressed in A s



2



I t characteristic – curve giving I2t values (pre-arcing I2t and/or operating I2t) as a function of prospective current under stated conditions of operation. 2



I t zone – range contained by the minimum pre-arcing I2t characteristic and the maximum operating I2t characteristic, under specified conditions. Rated current of a fuse-link (In) – value of current that the fuse-link can carry continuously without deterioration under specified conditions. Time-current characteristic – curve giving the time, e.g. pre-arcing time or operating time as a function of the prospective current under stated conditions of operation. Note: for times longer than 0,1 s, for practical, purposes the difference between pre-arcing and operating time is negligible. Time-current zone – range contained by the minimum pre-arcing time-current characteristics and the maximum operating time-current characteristic, under specified conditions. Conventional non-fusing current (Inf) – value of current specified as that which the fuse-link is capable of carrying for a specified time (conventional time) without melting.
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Short Circuit Analysis Program ANSI/IEC/IEEE Conventional fusing current (If) - value of current specified as that which causes operation of the fuse-link within a specified time (conventional time).



12.4.6 Fuse nameplate data The follwoing data will generally be provided for a fuse: 1. 2. 3. 4. 5. 6.



Rated current (Ampere rating) of the fuse Voltage rating of the fuse Time-current characteristic, i.e. fuse speed Approvals by national and international standards agencies Manufacturer / part number / series Breaking capacity
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Protective Device Evaluation Based on IEC Standard



Figure 35: IEC PDE Flow Chart – Part 1
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b Figure 36: IEC PDE Flow Chart – Part 2
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c Figure 37: IEC PDE Flow Chart – Part 3



115



Short Circuit Analysis Program ANSI/IEC/IEEE 12.5.1



Fuses Evaluation



Compare the voltage rating of the fuse (Ur) against the system voltage (Un) where the fuse is placed: if the fuse rated voltage Ur ≥ Un then the device Pass, otherwise Fail (the user have to verify the fuse ratings). For the Ur ≥ Un case, there are two situations: a. if Ur = Un then the fuse breaking capacity rating (Irb) = the fuse real breaking capacity (Ib); b. if Ur > Un then the real breaking capacity of the fuse will be used in the next steps; for this situation calculate the fuse real breaking capacity:



Ib 



Ur  I rb . Un



Compare the fuse real breaking capacity against the initial symmetrical short-circuit current I k" : "



if Ib ≥ I k then the device Pass, otherwise Fail. For both situations of the last comparison



Calculate



%rating 



I"k Ib



12.5.2 LVCB Evaluation The LVCB evaluation begins after the comparison of the CB rated voltage presented in the right side of the figure 2,a. Determination of the LVCB short-circuit making current Icm. Compare Icm with the peak short-circuit current. if Icm ≥ ip then the device Pass, otherwise Fail. For the FAIL situation



Calculate



% rating 



ip I cm



 100 .



For the PASS situation



 Top  Tr  



Calculate i dc %  exp  



  , 
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Where: Top represents the minimum opening time and it is specified by the manufacturer; Tr – according to the specifications from figure 2,b; τ – circuit time constant, given in paragraph. 2



Calculate the asymmetrical short-circuit presumed current



I asymsc  I k



i % 1   dc  .  100 



Compare the asymmetrical short-circuit presumed current with the CB short-circuit breaking current Icn. if Iasymsc < Icn then the LVCB Pass, otherwise Fail. For both situations of the last comparison calculate % rating







I asymsc I cn



 100 .



12.5.3 HVCB Evaluation The HVCB evaluation, presented in Figure 2,c is similar to the LVCB one. The differences occur just in the loop of the Icm determination, according to the IEC standards calculus.
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