	Last updated 

December 2002
	Surge Protection Anthology 

Part 4 – Annex A – Citations

Propagation and coupling of surges
(Experiments and numerical simulations. See website for links to documents in blue.)
	Surges Happen!


ALTMAIER, H., PELZ, D., and SCHEIBE, K., “Computer Simulation of Surge Voltage Protection in Low-voltage Systems,”  Proceedings, 21th International Conference on Lightning Protection, Berlin 1992

· Presents simulations of direct lightning strikes to the building for TN, TT, and IT power distribution systems.

· Makes the statement “Coordination must be done on a basis of lightning currents with the 10/350 waveform.”

· 31 references

BIRKL, J., HASSE, P., and ZAHLMANN, P., “Investigation of the Interaction of Lightning Currents with Low-voltage Installations and Their Related Threat Parameters,” Proceedings, 23rd International Conference on Lightning Protection, Florence, 1996. 

· Considers first stroke, subsequent stroke, and continuing current.

· Impact on surge arresters.

· 5 references

CIGRE Study Committee 33, WG 33.01 “Guide to Procedures for Estimating the Lightning Performance of Transmission Lines,” Electra Brochure, 1992.

CROUCH, K.E. and MARTZLOFF, F.D., “Lightning Protection of Residential AC Wiring,” Declassified GE Memo Report MOR-78-095, 1978.  Accessible as  Coordination 1978
· Effect of large currents flowing in the neutral/grounding conductor of the service drop to a building.

· A unidirectional 8/20 s current flowing only in the grounding conductors induces oscillatory transients in the differential mode. (Test results contributed to the data base of IEEE Std C62.41.)

· 5 references

DUGAN, R.B. and SMITH, S.D., “Low-voltage-side Current Surge Phenomena in Single-phase Distribution Transformer Systems,” Proceedings, IEEE T&D Conference, 1986.
· Describes the scenario of a lightning strike to the service drop and resulting surges in the transformer.

· Simulations show the effects of placing surge arresters at the transformer secondary terminals.

· 7 references

DUGAN, R.B., “Conduction of Lightning Stroke Currents from the Utility System to Load  Devices,” Proceedings, First International Power Quality Conference, October 1989.

· Coupling of surges between grounding conductors, etc., and the line conductors during lightning currents.

· Describes solutions.

· 4 references

DUGAN, R.B., KERSHAW, S.S., and SMITH, S.D., “Protecting Distribution Transformers from Low-Side Current Surges,” Proceedings, IEEE T&D Conference, 1989.
· Discusses effects of the type of windings of the transformer on the resulting surges at the service entrance.

· Recommends installation of SPDs at both transformer secondary and service entrance.

· 7 references

DUGAN, R.B., GOEDDE, G., and HENRY, D.C., “Conduction of Lightning Stroke Currents From the Utility System to Load Devices,” Proceedings, 2nd National Conference on Power Quality for End-Use Applications, 1990.

· Describes how lightning surges can enter load circuits through utility system neutral paths.

· Offers comments on protection schemes within the building.

· 4 references

DUGAN, R.B., GOEDDE, G.L., and ROWE, L.D., “Full Scale Lightning Surge Tests of  Distribution Transformers and Secondary Systems,” Proceedings IEEE PES Transmission and Distribution Conference, Sept., 1991.

· Discusses low side surges and effects on distribution transformers.

· Discusses effect of secondary arresters on distribution transformer failures.

· 11 references

DUGAN, R.C., “Low-Side Surges –Answers to Common Questions,”  Cooper Power Systems Bulletin SE9001, 1992.

· Tutorial presentation of the subject of low-side surges

· Laboratory test results from injection of 4/10 strokes at the transformer primary and at the service entrance.

· 9 references

EHRLER, J. and KÜTTNER, H., “Ausbreitung und Begrenzung von Blitzüberspannungen in Nieder-spannungs Anlage”  [Propagation and Limitation of lightning overvoltages in low-voltage systems], VDE/ABB Blitzschutztagung, 1997. (In German)

ERIKSSON, A.J., STRINGFELLOW, M.F., and MEAL, D.V., “Lightning-induced Overvoltages on Overhead Distribution Lines,” IEEE Transactions PAS-101, No.4, 1982.

· Measurement of voltages induced into an 11-kV line, 10-km long, by nearby and far lightning strikes.

· Model for computing induced voltages.

· 24 references, 2 discussions

FERNANDEZ, M.I., MATA, C.T., RAKOV, V.A., UMAN, M.A., RAMBO, K.J., STAPLETON, M.V., and BEJLERI, M.  “Testing of Lightning Arresters and Improved Lightning Protection, Final Results,” Technical Report, EPRI 109670, 1998.

· Camp Blanding, Florida facility for rocket-triggered lightning.

· Direct lightning strikes to overhead line and to a simulated house ground.

· 25 references

GREBE, J.E., “Application of Distribution System Capacitor Banks and Their Impact on Power Quality,” IEEE Transactions IA-32, No.3, May/June 1996.

· Summary of power quality concerns associated with the application of utility distribution systems capacitor banks.

· 7 references

HENSLEY, G., SINGH, T., SAMOTYJ, M., McGRANAGHAN, M., and GREBE, T.E, “Impact of Utility Switched Capacitors on Customer Systems Part II -- Adjustable Speed Drives,”  IEEE Transactions PWRD-6, No.2,  October 1991.

· Computer analysis of nuisance tripping of adjustable speed drives caused by capacitor switching.

· 8 references

HENSLEY, G., SINGH, T., SAMOTYJ, M., McGRANAGHAN, M., and ZAVADIL,R., “Impact of Utility Switched Capacitors on Customer Systems -- Magnification at Low-Voltage Capacitors,” IEEE Transactions PWRD- 7, No.2, April 1992.

· Computer and parametric analysis of secondary transient overvoltages caused by utility capacitor switching.

· 5 references

JOHNSON, I.B., SILVA, R.F., and WILSON, D.D., “Switching Surges Due to Energization or Reclosing,” Proceedings, American Power Conference, vol. XXIII, 1961.

· Transient Network Analyzer study.

· 4 references

KEY, T.S. and MARTZLOFF, F.D. “Surging the Upside-Down House: Looking into upsetting reference voltages,” Proceedings, EPRI-PQA’94 Conference, Amsterdam, October 1994. 

·  Accessible as Upsdown surging Describes a test bed for the propagation and mitigation of surges.

· Illustrates the differences of voltage references developed across multiple ports of appliances.

· 8 references

KIMBARK, E.W. and LEGATE, A.C., “Fault Surge Versus Switching Surge — A Study of Transient Overvoltages Caused by Line-to-Ground Faults,”  IEEE Transactions, PAS-87, No. 9, Sept. 1968.

· Theoretical treatment of the subject.

· 5 references

LAT, M.V., “Determining Temporary Overvoltage Levels for Application of Metal-Oxide Surge Arresters on Multigrounded Systems,” IEEE Transactions PWRD-5, April 1990.

· Presents several calculation methods for temporary overvoltages and an evaluation of these methods.

· Defines limits of applicability of the methods.

· 8 references

LIN, Y.T., UMAN, M.A., and STANDLER, R.B., “Lightning Return Stroke Models,” Journal of Geophysical Research  vol.85, No. C3, March 1980.

· Tests the two most commonly used lightning return stroke models, Bruce-Golde and transmission line, against subsequent stroke electric and magnetic field measured simultaneously at near and distant stations and shows that these models are inadequate to describe the experimental data.

· A new return stroke model is proposed that is physically plausible and that yields good approximations to the measured two-station fields. 

· 38 references  

MANSOOR, A. and MARTZLOFF, F.D., “Driving High Surge Currents into Long Cables: More Begets Less,”  IEEE Transactions PWRD-12, No.3, July 1997.  

Accessible as  More begets less
· Measurements and modeling show the physical impossibility for large surge currents to propagate very far into the branch circuits of a building, because flashover will occur at the service entrance.

· Demonstrates the importance of considering the maximum rate of rise (early in the surge) rather than the peak value and overall rise time.

· 13 references

MANSOOR, A. and MARTZLOFF, F.D., “The Effect of Neutral Earthing Practices on Lightning Current Dispersion in a Low-Voltage Installation,” IEEE Transactions PWRD-13, July 1998.  

Accessible as  Neutral earthing
· Compares the TN and TT for dispersion of lightning current in several scenarios.

· Shows the need for careful review of grounding practices in effect at service entrances.

· Questions the applicability of high amplitude, long duration requirement for service entrance SPDs.

· 20 references

· MARTZLOFF, F.D., “Coordination of Surge Protectors in Low-Voltage AC Power Circuits,” IEEE Transactions, PAS-99, No. 1, Jan./Feb. 1980.  Accessible as  Coordination 1980 Coordination between gap-type (“voltage switching”) and clamp-type (“voltage limiting”) protectors.

· Coupling between grounding conductor and phase wires.

· 7 references

MARTZLOFF, F.D., “The Propagation and Attenuation of Surge Voltages and Surge Currents in  Low-Voltage AC Power Circuits,” IEEE Transactions PAS-102, No. 5, May 1983.  

· Accessible as  Propagation 1983 Propagation and attenuation of 1.2/50 s and 100 kHz Ring Wave.

· Coupling of differential mode through isolation transformers.

· 9 references, 1 discussion

MARTZLOFF, F.D. and GAUPER, H.A.,“Surge and High-Frequency Propagation in Industrial Power Lines,” IEEE Transactions IA-22, No.4, July/August 1986.  

Accessible as  Propagation 1986
· Propagation of 100 kHz Ring Wave in steel conduit lines.

· Options for coupling one, two, or three surge diverters at line end; resulting mode conversion.

· 8 references

MARTZLOFF, F.D., “Varistor vs environment: Winning the Rematch,”  IEEE Transactions  PWRD-1, April 1986.

Accessible as   Winning rematch
· Propagation of low-frequency, capacitor switching ring waves from distant substation to low-voltage load.

· Coordination between 3 kV and 480 V varistor-based SPDs.  

· 5 references, 1 discussion

MARTZLOFF, F.D. and WILSON, P.F., “Fast Transient Tests - Trivial or Terminal Pursuit ?,” Proceedings, 7th International Zürich Symposium on Electromagnetic Compatibility, 1987.  

Accessible as  Propag EFT1 1987
· Measurement and modeling of attenuation of pulses with nanosecond rise time in steel conduit lines.

· 8 references

MARTZLOFF, F.D. and LEEDY, T.F., “Electrical Fast Transients: Application and Limitations,”  IEEE Trans. IA-26, No. 1, Jan./Feb. 1990.  Accessible as   Propag EFT2 1990
· Measurement and modeling of attenuation of the EFT 5/50 ns pulse in conduit and nonmetallic jacket lines.

· Shows the decrease in pulse front steepness occurring for a relatively short length of line.

· Suggests that the EFT test should be required only when exposure to this type of environment is likely.

· 9 references

MARTZLOFF, F.D., “Coupling, Propagation, and Side Effects of Surges in an Industrial Building Wiring System,”  IEEE Transactions IA-26, No 2, March/April 1990.  

Accessible as  Propagation 1990
· Propagation and attenuation in multi-branch systems.

· Surges in power lines can cause failures of data port components when ground loops exist between pieces of equipment powered by separate branch circuits and connected by a data link.

· Findings promoted the concept of a surge reference equalizer.

· 11 references

MARTZLOFF, F.D., “On the Propagation of Old and New Surges,”  Proceedings, Open Forum on Surge Protection, NISTIR-4654, Aug. 1991.  Accessible as  Propagation 1991
· Measurements on the propagation of the Ring Wave, the Combination Wave, and the 10/1000 s Wave.

· The lack of effect of wire diameter is documented by a simple experiment.

· 14 references

MARTZLOFF, F.D., “Diverting Surges to Ground: Expectations vs. Reality,”  Proceedings, Open Forum on Surge Protection Application, NISTIR-4654, August 1991.  

Accessible as  Divert surges
· Comparison of the performance of filter-type vs. voltage-limiting type surge-protective devices.

· Experimental demonstration of voltages induced in branch circuit conductors by the flow of surge currents diverted by the action of the two types of SPDs.

· 9 references

MARTZLOFF, F.D., MANSOOR, A., PHIPPS, K.O., and GRADY, W.W., “Surging the Upside-Down House: Measurement and Modeling Techniques,”  Proceedings, PQA’95 Conference, New York, NY, 1995. 

Accessible as  Upsdown measure
· Describes a test bed for studying the propagation of surges in low-voltage installations.

· Test and computer modeling on appliances connected to different systems show reference voltage shifts.

· 4 references

MARTZLOFF, F.D., “On the Dispersion of Lightning Current for a Direct Flash to a Building,” Proceedings, 25th International Conference on Lightning Protection, Rhodes, 2000.  

Accessible as  Dispersion
· A review of simulation examples and anecdotal case history.

· 9 references

MARTZLOFF, F.D. and MANSOOR, A., “The Role and Stress of Surge-Protective Devices in Sharing Lightning Current,” Proceedings, EMC Europe 2002 Symposium, Bruges 2002 

Accessible as  Role of SPDs
· A review of simulation examples and a specific example involving bothe the service entrance and downstream SPDs 

· Focusing exclusively on the stress of SPDs at the service entrance misses the evidence of field experience for downstream SPDs

· 24 references

MASTER, M.J., UMAN, M.A., LIN, Y.T., and STANDLER, R.B., “Calculations of Lightning Return Stroke Electric and Magnetic Fields above Ground,”  Journal of Geophysical Research vol.86, No.C12, Dec. 1981.

· Detailed calculations of lightning return stroke electric and magnetic fields above ground are presented.

· 16 references

MATA, C.T., FERNANDEZ, M.I., RAKOV, V.A., UMAN, M.A., BEJLERI, M., RAMBO, K.J., and STAPLETON, M.V., “Overvoltages in Underground Systems, Phase 2 Results,” Technical Report, EPRI TR-109669-R1, 1998.

· A 200-page report on the results of triggered lightning experiments.

· 43 references

MATA, C.T., FERNANDEZ, M.I., RAKOV, V.A., and UMAN, M.A.,  “EMTP Modeling of a Triggered-Lightning Strike to the Phase Conductor of an Overhead Distribution Line,” IEEE Transactions PWRD – ( Scheduled for Spring 2002).

· Modeling of the Camp Blanding overhead distribution line subjected to injection of lightning current.

· Model elements include transmission line, MOV arresters, grounding leads, and ground rods.

· 9 references

MIKHAIL, S. and McGRANAGHAN, M, “Evaluation of Switching Concerns Associated with 345 kV Shunt Capacitor Applications,”  IEEE Transactions PAS-106, No.4, April 1986.

· Results of Transient Network Analyzer study evaluating switched capacitor banks.

· Includes normal energizing, voltage magnification, phase-to-phase transients, inrush, outrush, and restrikes.

· 14 references, 2 discussions

NIGGLI, M.R., YTURRALDE, W.E., NIEBUHR, W.D., ROCAMORA, R.G., and MADZAREVIC, V., “Fault Clearing Overvoltages on Long Transformer Terminated Lines,”  IEEE Transactions, PAS-98, No. 2, March 1979

· Transient Network Analyzer study.

· 9 references, 4 discussions

PAUL, C.R. and HARDIN, K.B., “Diagnosis and Reduction of Conducted Noise Emissions,”  IEEE Transactions, EMC, Nov. 1988.

· Method for determination of relative value of common-mode and normal-mode noise, with modeling of candidate mitigation methods.

· 5 references

PFEIFFER, W. and GRÄF, T., “Ausbreitung und Dämpfung von Überspannungen in Niederspannungs-Installationen” [Propagation and Damping of Overvoltages in Low-voltage Installations], Elektrie Bd. 48, 1994.

· A review of the propagation of surge voltages (in German).

RAKOTOMALALA, A., ROUSSEAU, A., and AURIOL, P., “Lightning Distribution Through Earthing Systems,"  Proceedings, IEEE International Symposium on EMC, 1994.

· Model of electrical installation including power and telecom lines, water pipe, lightning rod and SPDs.

· Sharing of current between various paths including SPDs showing that neutral is more stressed in case of strike on lightning rod. Opposite in case of strike on power lines.

· In general 30 % of lightning current is shared among all power conductors.

· 8 references

RAKOV, V.A., UMAN, M.A., FERNANDEZ, M.I., MATA, C.T., RAMBO, K.J., STAPLETON, M.V., and SUTIL, R.R., “Direct Lightning Strikes to the Lightning Protection System of a Residential Building: Triggered-lightning Experiments,”  IEEE Transactions PE-032PRD(11-2001).

· Injection of triggered lightning into a house replica at Camp Blanding.

· Measured data on dispersion of the lightning current among available paths to ground.

· Examples of current waveforms.

· 9 references

ROCHEREAU, H., XEMARD, A., MICHAUD, J., ZEDDAM, A., and BOUTET, F., “ANASTASIA : Un outil de simulation de l'effet de la foudre sur les réseaux aériens de distribution à basse tension” [ANASTASIA: A Simulation Tool for Lightning Effects on Overhead Low-voltage Distribution Lines], Proceedings, CIGRE Conference "Power system electromagnetic compatibility" - Foz do Iguaçu - May 1995.

· Reports an investigation conducted by the French utility (in French).

ROUSSEAU, A., ROY, D., and WARSMANN, P., “What is a Lightning Earth ?”  ERA Earthing 2000
· Mathematical model of high frequency lightning earth/ground.

· High frequency is just useful for overvoltages not for energy sharing between various paths.

· Equipment exist for measuring high frequency ground impedance and examples of good "lightning" ground are given based on real measurements.

· 5 references

SCUKA, V., “EMI Control in Low-Voltage Power Installations.” Proceedings, 7th International Zürich Symposium on Electromagnetic Compatibility, 1987.

· Laboratory measurements of propagation parameters on typical wiring practices

· Comparisons between gap-type and varistor SPDs.

· Recommendations on grounding practices and building construction.

· 8 references

STANDLER, R.B., “Equations for Some Transient Overvoltage Test Waveforms,” IEEE Transactions EMC-30, Feb. 1988.

· Provides mathematical equations for the 100 kHz Ring Wave and the Combination Wave.

STANDLER, R.B., “Calculation of Lightning Surge Currents Inside Buildings,”  Proceedings, IEEE EMC Symposium, August 1992.

· Makes computations with SPICE for a 10/350 s, 20 kA impinging current.

· MOV arrester at the service entrance and varistors at the end of branch circuits of various lengths.

· Neglects inductance and considers only resistance, justified by the long tail of the surge.

· 11 references

STANDLER, R.B., “Transmission Line Models for Coordination of Surge-protective Devices,” Proceedings, IEEE International Symposium on Electromagnetic Compatibility Symposium, 1993.

· The distribution of surge currents between an arrester and suppressor separated by a transmission line is described for six different models of transmission lines.

· Two different surge waveforms are used in the simulation: the 1.2/50 s wave, and the 10/350 s wave.

· Conclusions on the relative accuracy of the various models of transmission lines.

· 14 references

STANDLER, R.B., “Neutral-Earth Surge Voltages on Low-voltage AC Mains,”  Proceedings, 10th International Zürich Symposium on Electromagnetic Compatibility, 1993

· Computer simulations of surge suppressor circuits and propagation of surges on transmission lines show surge voltage waveshapes between the neutral and protective earth conductors inside buildings.

· Theoretical discussion is about the common error of approximating a transmission line as a single inductor. 

13 references

STRINGFELLOW, M.F. and STONELY, B.T., “Coordination of Surge Suppressors in Low-Voltage AC Power Circuits,”  Proceedings, Forum on Surge Protection Application, NISTIR-4657, August 1991.

· Experiments showing the effect of line length and surge waveform on sharing energy between service entrance arrester and surge suppressor inside building.

· Metal-oxide varistors were applied at service entrance, distribution panel and load.

· Removal of protection at either load or distribution panel resulted in unacceptably large oscillatory voltages.  Best load protection achieved with MOVs in all three locations.

· 4 references

VINES, R.M., TRUSSELL, H.G., GALE, L.J., and OAENEAL, B., “Noise on Residential Power Distribution Circuits,” IEEE Transactions, EMC, Nov. 1984.

· Reports conducted noise measurements from typical residential loads.

· 14 references

WIITANEN, D.O., MORGAN, J.D., and GAIBROIS, G.L., “Station Capacitor Switching Transients  — Analytical and Experimental Results,” IEEE Transactions, PAS-90, No. 4, April 1971.

· Switching transients at the 41 kV level.

· 10 references, 2 discussions
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