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   333 SW 1st Ave.
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   Date:
   05/03/2004
   Route To:
   Subject:
   Short Circuit Fault Calculations for Electrical Systems
   To:
   Facilities Engineers
   1.Short CIRCUIT fault calculations
   ==================================
   1.1short circuit fault ratings
   ------------------------------
   A.All electrical systems are required by the National Electrical Code
   to have ratings at all over current devices, circuit breakers and
   fuses that are above the available fault current supplied by the
   utility company (AIC rating).
   B.It is the designer’s responsibility to ensure that these short
   circuit fault calculations are done and the proper interrupting
   ratings are shown on the drawings.
   1.The R6 CSI specifications for circuit breakers in 16050, have 10,000
   AIC shown as a minimum size with higher interrupting rating always
   shown on drawings.
   2.Contractors should always have this AIC information on drawings to
   be able to bid projects. Contractors should not have to do complex
   electrical engineering calculations to determine what breakers to
   install. This is the designer’s responsibility.
   1.2national ELECTRICAL code requirements for INTERRUPTING ratings
   -----------------------------------------------------------------
   A.The following are excerpts from the 2002 National Electrical Code.
   1.NEC 110.9 Interrupting Rating.
   a.Equipment intended to interrupt current at fault levels shall have
   an interrupting rating sufficient for the nominal circuit voltage and
   the current that is available at the line terminals of the equipment.
   b.Equipment intended to interrupt current at other than fault levels
   shall have an interrupting rating at nominal circuit voltage
   sufficient for the current that must be interrupted.
   c.The purpose of these ratings is to ensure that if a short circuit
   occurs in equipment, wiring or in the panels the circuit breakers or
   fuses can interrupt the fault with out causing damage to the
   equipment.
   2.NEC 110.10 Circuit Impedance and Other Characteristics.
   a.The over current protective devices, the total impedance, the
   component short-circuit current ratings, and other characteristics of
   the circuit to be protected shall be selected and coordinated to
   permit the circuit-protective devices used to clear a fault to do so
   without extensive damage to the electrical components of the circuit.
   b.This fault shall be assumed to be either between two or more of the
   circuit conductors or between any circuit conductor and the grounding
   conductor or enclosing metal raceway.
   c.Listed products applied in accordance with their listing shall be
   considered to meet the requirements of this section.
   1.3short circuit fault CALCULATIONS in Forest service FACILITIES.
   -----------------------------------------------------------------
   A.Short circuit calculations must be done on all new electrical
   services, any remodeled electrical services, or if the power company
   changes the transformer size.
   B.Older Facilities 20 – 40 years old may have been built with 10,000
   AIC rated breakers which is the minimum interrupting rating for
   circuit breakers.
   1.The power company may have a single transformer feeding multiple
   buildings. This one large transformer can supply current far in excess
   of the minimum circuit breaker rating of 10,000 AIC
   2.The power company may have increased the transformer size say from
   25 KVA to 75KVA in response to the increased demand from additional
   buildings on our compounds where new buildings have been added.
   3.Each building must have its AIC rating calculated.
   4.This may require the service entrance panels and possibly sub panels
   to be changed in each building to meet the available fault.
   C.The R6 Electrical Design Operation and Maintenance Manual has
   details and procedures on how to do these fault current calculations.
   This is available at :
   http://www.fs.fed.us/database/acad/elec/greenbook/greenbook.htm
   Chapter 10.
   D.The following are required from the power company to do these
   calculations:
   1.Building service size and load:
   a.100A, 200A, 400A, 600A etc.
   b.Total connected load, 50KVA and diversified load.
   2.Primary short circuit KVA. 10,000KVA or other.
   3.System voltage,
   a.120/240V single phase
   b.120/208V three phase
   c.120/240V three phase
   d.277/480V three phase
   4.Transformer Data:
   a.Size: 25KVA, 50KVA, 75KVA etc
   b.Transformer Impedance: %R, %X, %Z example 1.2%R, 1.5%X, 2.2%Z etc.
   5.Conductor size type and length from transformer to building
   a.4C – 4/0 AL.
   i.Power companies almost exclusively use aluminum for service
   conductors.
   b.Length Ft. 50Ft., 75Ft. Distance from transformer to service
   6.Other devices such as external switches.
   a.Impedance can be found in Bus fuse reference Electrical Design
   Operation and maintenance manual chapter 10 Short circuit fault
   calculations.
   7.Sub panels
   a.For sub panels in building the conductor type, CU/AL, and size, (2/0
   etc.) and length 50 feet etc., from main service panel to sub panels.
   Each sub panel must be calculated separately.
   E.For most facilities with a single entrance panel and no sub panels,
   the local power company will do these fault calculations at not cost.
   They will not connect to a building if the service equipment is not
   rated to withstand their available fault current.
   F.Failure to do these calculations and properly size the service
   equipment AIC ratings and sub panels may result in failure of the
   electrical equipment if a short circuit occurs causing fire,
   explosion, or other serious damage.
   1.4examples of a short circuit fault failure in a forest service
   facility
   ----------------------------------------------------------------
   A.Shown below are pictures taken in 2000 of an outdoor power panel in
   a Forest Service facility in R6 that did not have adequate AIC short
   circuit fault ratings for the circuit breakers.
   B.This panel exploded blowing out circuit breakers and totally
   destroying the panel. If this panel had been inside a building, fire
   or other serious injury could have occurred.
   C.The engineer doing the design is responsible for calculating the
   available fault current and specifying the proper breaker ratings.
   1.These AIC rating must be shown on each panel board or fuse system on
   the drawings.
   2.Contractors must supply circuit breakers or fuses with totally
   overall rating including the panel bus ratings to adequately clear
   these fault currents.
         D.3 - 25KVA transformers feed panel about 75 feet from
         power panel. Total 75 KVA of transformers.
         E. Estimated short circuit current:
         22,000 AIC.
         F.Circuit Breakers in panel rated at:
         10,000 AIC.
         G.Result: Explosion in panel, internal fire resulting in
         complete destruction of power panel.
         
         H.Power panel with main breaker out in front of panel
         I.Note burn damage to side of panel from internal fire.
         J.Panel was totally destroyed and was replaced with new panel
         and correctly sized circuit breakers to meet available fault
         current.
           
         K.P anel damage to main breaker, blown off of mounting
         and internal fire in panel.
         L.W iring is totally burned up in panel.
         
         M.C harred main conductors.
         N.O riginal main breaker location on top of panel.
         O.P icture of main breaker blow off of main bus
         
         P.Note burned wiring
         Q.P anel enclosure burns.
         R.M ain breaker is out in front of panel
          
         S.Rear view of main breaker. This main breaker blew off of panel
         bus mounting when fault occurred.
         T.M ounting lugs are totally melted off breaker rear
         
         U.F ront view of main breaker. Note wires charred from
         internal fire in panel.
         
   Stephen D.Sichau
   Region 6 Electrical Engineer
   503-808-2523
   Email: [email protected]
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