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Overvoltage Training
 Basic Overview &Product Selection
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Overvoltage Training
 Training will cover:
 Overvoltage BasicsTypes of over-voltagesCauses of over-voltages Over-voltage conditions and causesLocation susceptibility/categoriesStandards and local codesOver-Voltage devices: operation & failure modes
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Overvoltage Training
 What is an over-voltage?
 Any voltage level that is 10% greater than the systems normal operating AC RMS or DC voltage level.
 Q
 A
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Overvoltage Training
 Surge problems have increased dramatically over the last few years because of the increased use of electronic equipment. Due to this evolution, the need for surge protection devices has increased and in many cases are required for proper operation.
 Years
 Ove
 rall
 Size
 Elec
 troni
 c U
 sage
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Overvoltage Training
 Are over voltages and transients really a problem in today’s industries?
 Q
 AFacility downtime costs commercial and industrial plants nearly $26 billion a year in lost time, equipment repair and replacement. Determining everything that causes these outages is impossible. However, we can eliminate major causes with proper electrical designs and the use of Surge Protective Devices (SPD’s).
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Overvoltage Training
 Types of over-voltage conditions:
 Transients caused by lightning strikes
 Utility grid switching
 Equipment operation (parasitic interference)
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Overvoltage Training
 Causes of voltage transients:
 1LIGHTNING: Initial and direct strikes are the most damaging, however, follow up pulse continue to cause indirect problems up to 30 miles away from strike.
 Initial direct strike Gets transferred to powerlines or through ground Enters your facility
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Overvoltage Training
 Causes of voltage transients:
 2UTILITY SWITCHING: Switching of large transformers, motors, and other inductive loading generate spike or transient impulse that enter your facilities through the power network.
 Gets transferred to powerlines or through ground Enters your facility
 Utility/load switching
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Overvoltage Training
 Causes of voltage transients:
 3EQUIPMENT OR PARASIDIC SWITCHING: Caused by equipment in your facility. These freak interferences get induced back into your power system. Discharge lamps, Arc furnaces, Welders, and Motors are a few examples of equipment that can cause these strange transients.
 Generated from within your own facility
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Overvoltage Training
 Some basic definitions:Rated AC Voltage – VM(AC)RMS The maximum continuous AC rms voltage that can be applied to the device.Maximum non-repetitive surge current – ITMThe maximum peak current which can be applied for a single 8/20us impulse, at rated voltage, without causing device failure.Suppressed voltage rating – SVRRating selected by the device manufacturer from the UL 1449 tables which is based on the devices limiting voltage determined under transient voltage surge testing.UL 1449UL standard covering the safety and test requirements for transient voltage surge suppression (TVSS) products. Includes hard wired and cord connected and direct plug.Nominal voltage – VN(DC)The voltage at which the device changes states from off to on and begins to conduct. This voltage is normally established at the 1mA current level.Maximum non repetitive surge energy – WTMMaximum rated transient energy which can be dissipated from a single pulse at a specified impulse.Limited current abnormal over voltage testOver voltage (AC) condition applied to TVSS devices under UL1449. Current is limited to 5A, 2.5A and 125mA respectively for four test samples. The test is run for 7 hours or until the TVSS is removed from the AC supply by a thermal or over current protection
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Overvoltage Training
 ANSI/IEEE has categorized the different locations of exposure by how severe the transients are at each location. Category A, B and C
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Overvoltage Training
 CATEGORY C: Outside & Service Entrances Within the area of Category C, direct lightning strikes can produce up to 100kV and 100kA at point of contact. However, due to proper grounding and quick dissipation of energy, the incoming service should only see a small portion of the initial energy. More than 80% of lightning strikes carry less than 30kA of surge current.
 20kV/10kA Max
 Generally more weather / lightning induced transients
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Overvoltage Training
 Only 20% of all transients are generated by outside sources, such as the weather, line/grid switching or accidents where line voltages cross.
 Reprinted from C62.41-1991 (R1995), “IEEE Recommended Practice on Surge Voltages in Low-Voltage AC Power circuits” Copyright1991 by the Institute of Electrical and Electronics Engineers, Inc. The IEEE disclaims any responsibility or liability resulting from the placement and use in the described manner.
 80% of all transients are actually generated by internal sources such as motors, florescent lights, copiers, and other switching devices.
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Overvoltage Training
 6kV/300A Max
 Generally caused by indirect weatheror power switching components
 CATEGORY B: Feeders & Short Branch CircuitsMid point in the building, generally with 100 to 200 feet of the main service equipment. This category is protected by point of use, and mid sized hard wired TVSS products.

Page 15
                        

Overvoltage Training
 CATEGORY A: Outlets & Long Branch CircuitsThe furthest point in your electrical system away from the service entrance equipment and main power entry. Mainly smaller branch circuit down to the actual wall outlets. This category is protected by plug in type TVSS products.
 2kV/200A max
 Generally caused by induced or indirect transients from cat B or equipment inside the facility
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Overvoltage Training
 CATEGORY A: Outlets & Long Branch Circuits• All outlets at more than 10m (30 ft) from Category B• All outlets at more than 20m (60 ft) from Category C
 CATEGORY B: Feeders & Short Branch Circuits• Distribution panel devices• Bus and feeder distribution• Heavy appliance outlets with “short” connections to service entrance• Lightning systems in large buildings
 CATEGORY C: Outside & Service Entrances• Service drops from pole to building• Runs between meter and panel• Overhead lines to detached building• Underground lines to well pump
 Within each category, there is another variable to classify the exposure of the surge.• Low exposure: applications known for low lightning activity, little load switching• Medium exposure: systems and geographical areas known for medium to high lightning activity or, with significant switching transients or both• High exposure: those rare installations that have greater surge exposure than those defined as low or medium
 CATEGORY RE-CAP

Page 17
                        

Overvoltage Training
 Power Problems
 Sag31%
 Spike7%Outage
 6%
 Surge56%
 Caused by Human Nature
 Lightning15%
 Utility5%Common
 Equipment20%
 Office Equipment
 60%
 Transients and
 Causes
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Overvoltage Training
 Standards for over-voltage equipment:
 ANSI IEEE C62.41 – Surge Protection
 A globally accepted standard for the testing and rating of TVSS products
 UL1449 – Transient Voltage Surge Suppressors
 Underwriters laboratories standards for North America for the testing and rating of TVSS products. Uses different waves and tests from IEEE
 IEC 61643 – SPD’s Surge Protection Devices
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Overvoltage Training
 Why is it important to protect against overvoltage conditions and what happens if you don’t?
 QA
 All electrical equipment have physical voltage limitations due to their size or the materials used to product them.
 When you exceed the electrical limits of the materials or air spaces the equipment is damaged due to short circuit paths or open circuits causing the equipment fail and stop operating.
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Overvoltage Training
 Typical voltage withstands based on insulation ratings:
 Wires/Conductor: 6kV
 Motors: 2.5kV
 Drives: 2kV
 Coil /Contactors: 1.5kVControl Transformers: 1.8 - 3.0kV
 loadsconductors

Page 21
                        

Overvoltage Training
 All these devices have been used for many years in different forms to protect against over voltage conditions but they all have limitations and are used for specific locations / applications.
 What type of devices are used to limitover-voltages conditions in the facility?
 MOV (Metal Oxide Varistor)
 SAD (Silicon Avalanche Diodes)
 GDT (Gas Discharge Tubes or Spark Gaps)
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Overvoltage Training
 What’s the difference between the types?
 QA
 MOV - (Metal Oxide varistor)• Quick response time, Non-linear resistor• High Energy Capacity, inexpensive• Good for both AC/DC circuits• Consistent performance
 TVS - (Transient Voltage Suppressor)• Linear resistor, Low energy capacity• Expensive, Very consistent operation
 Gas Tube • Used on lower voltage system• Lower energy capacity, inexpensive• Slow to react, unpredictable
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Overvoltage Training
 What is the most common surge product used?
 MOV’s are the most common product used in the industry. Further discussions will be focused on MOV design and usage.
 QA
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Overvoltage Training
 As the voltage ratings of the MOV’s get higher the component gets thicker. The larger diameter the higher the interrupting/surge ratings are.
 Cross Sectional View of Varistor
 MOV’s: A composite component using a ceramic base mixed with zinc oxide mixed for conduction.
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Overvoltage Training
 MCOV Ratings:
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Overvoltage Training
 Definitions: Surge CapacityThe diameter of the device dictate’s it’s surge rating while the thickness dictate’s it’s voltage capacity.
 A
 *If the component is UL recognized then the surge rating has been verified with a 8 x 20 us waveform.
 20mm - 6kA34mm Square 40kA40mm Round 40kA
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Overvoltage Training
 Increasing Surge Capacity
 Adding MOV’s in parallel do not guarantee additional surge protection. MOV’s would have to be closely matched to ensure that fault currents divide equally across each MOV. This is a nice theoretical assumption which seldom occurs. It is best to use a larger diameter device.
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Overvoltage Training
 Protection of over-voltage devices
 MOV based TVSS products can fail under two main conditions:
 Thermal Runaway
 Short-Circuit
 1
 2
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Overvoltage Training
 Failure Modes of Over-Voltage Devices
 REPETITIVE IMPULSES:
 MOV’s have a limited life and age under normal operation. Every time an MOV switches, it’s life is slightly degraded. The greater the transient hit, the greater the degradation of the MOV.
 One hit near it’s capacity of 10ka may degrade the mov’s life just as much as as 20 hits at .2ka.
 CHANGE GRAPH SHOW 40kA PEAK
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Overvoltage Training
 Failure Modes of Over-Voltage Devices
 ABNORMAL OVER-VOLTAGE:
 MOV’s can’t withstand over-voltage conditions for long periods of time. Under normal conditions, very quick transients allow the mov to operate then go back into it’s normal state.
 Under sustained over-voltage conditions, the MOV will go into thermal failure. It will heat up and continue until the device ruptures.
 VOLTAGE
 -1000
 -500
 0
 500
 1000
 CURRENT
 -40-20
 0204060
 *Rupture could be violent, depending on available energy.
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Overvoltage Training
 120VAC
 L1 N
 SVR = 500VACSVR = 500VACSVR = 500VACSVR = 500VACSVR = Short Ckt
 Conductive Path
 Zinc Oxid
 eThermal protection requires that once the MOV has created a high impedance conductive path, the TVSS device would open before extensive damage occurs.
 Damage occurs!
 MOV Reaction to Transient Voltage Spikes
 Clean-up
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Overvoltage Training
 Protection of overvoltage devices:Short Circuit’s also cause mov failure/ruptures but are caused by a fault with the AC power source within the TVSS.
 For proper protection TVSS products also require over current devices for protection of AC fault current during short circuit conditions.
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Overvoltage Training
 Basic Training Review:1. Types of over-voltage – lightning, switching, equipment2. Each are caused by something different, yet all effect your equipment
 and electrical system the same.3. ANSI / IEEE establish categories based on damage levels.4. Each category uses different types of products in different physical
 locations.5. MOV’s, SAD’s, GDT’s are the three main types of components used
 for over-voltage protection.6. MOV’s – Larger the diameter the higher the surge rating.7. MOV’s – Thicker the MOV the higher the rated voltage.8. MOV’s have a defined life cycle due to impulses they see.9. Thermal runaway and short circuits are the failure modes.10. In both cases MOV’s can fail violently and cause damage.11. TVSS devices need thermal and short circuit protection for proper use.
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Overvoltage Training
 What Does Surge Protection Provide?
 Protection against lightening induced transients on electrical, data and telecommunication lines.Protects your entire electrical system from power surges, which originate from internal sources.Reduces maintenance calls and replacement costs.Reduces employee downtime.Extends equipment lifeProvides greater overall reliability and operating efficiency of the total system.
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Overvoltage Training
 Frequently Asked Questions:
 Why do I need surge protection?To help in protecting against the unknown. If you have seen an increase in your maintenance cost on existing equipment, you may be having overvoltage surge conditions which you are not aware of.
 Can I just add a TVSS unit at the incoming mains?Yes you can. However, you have to remember the 80/20 rule. 80% of all surges are generated internal to your building. A device at the incoming mains does not protect the surges you may be creating. It is best to have two levels of protection with the second level closest to the equipment.
 How can I install these into my existing panel?The best idea is to use a TVSS device that can mount on to existing DIN rail found inside the panel, near the incoming line. This would assist in limiting the conductor length for connection.
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Overvoltage Training
 Frequently Asked Questions:How do I select the right voltage product?Select the TVSS device based on the system voltage applied.
 What is the difference between Surge Rating and Interrupting Rating?Surge Rating is the maximum one time 8x20µs surge current the TVSS device has been tested under. The interrupting rating is the maximum short circuit current the device has been tested without an overcurrent device. Use a device that has a high interrupting rating which is rated for 100kA.
 What is the difference between per mode surge current and per phase surge current rating?Per phase surge current rating is made up by most surge manufacturers. Usually double the per mode rating. It is not a true rating since it assumes that a maximum surge current condition will divide equally between L-N mode and L-G mode. Always use the per mode surge current rating to compare TVSS devices.
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Overvoltage Training
 Frequently Asked Questions:
 If one MOV is good, why not multiple parallel configurations?Paralleling MOV’s to increase the per mode surge circuit rating assumes that the current and voltages will divide equally across each MOV. This works only in theory. Typically, one MOV will try and clamp the entire surge. If the surge current is greater than that one MOV, the results can be damaging.
 How do I know when to replace an TVSS device?It would be best if you had either a visual indicator or a contact on the unit for remote signaling indication.
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Overvoltage Training
 Frequently Asked Questions:
 Is there a product that meets all of the points mentioned?• Yes there is. The Surge-Trap from Ferraz Shawmut.• The Surge-Trap mounts on a DIN Rail and has 100kA interrupting rating.• The Surge-Trap has a 40kA surge rating for an 8x20µs surge.• The Surge-Trap has both a visual indicator and contacts for remote indication.• The Surge-Trap is the only one with a patented design that opens under thermal run-away.
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Overvoltage Training
 Once again Ferraz Shawmut takes the lead in the circuit protection industry to give our customers not only the standard in overcurrent protection, but now the new standard in transient overvoltage protection.
 #1
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Overvoltage Training
 Ferraz Shawmut & Surge-Trap An easy and effective
 solution for your surgeprotection needs.
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