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As the application of solar PV systems continues its exponential growth, the use of DC power components on the PV array side of the systems is becoming more and more prevalent. In selecting components for use in these systems, it is important to consider all of the issues surrounding the specific ratings and approvals. While many people are very accustomed to using low cost contactors on AC systems, many are unaware that those same contactors usually cannot be used on DC voltages at the levels found in newer high power PV arrays. In addition, electrical equipment regulations vary greatly from one country to the next, so equipment made for the EU or Asian markets may not satisfy the specific requirements for installation in North America. To ignore these issues can be very costly to installing contractors, which has a cascading negative effect on their willingness to use equipment from that supplier again. This paper will seek to provide the necessary information a designer needs in order to select contactors that are not only safe, but will also satisfy regulatory authorities in North America when they are inspected at installation.
[image: image1.emf]Contactor basics. To understand the issues involved, first a brief overview of contactor technology is in order. An electro-magnetic contactor is simply a semantic term for a high power relay; we use “contactor” in order to differentiate only because “relay” is too ambiguous when switching higher current loads. A contactor stops the flow of electricity by having a set of stationary contacts and a set of moveable contacts assigned to each power circuit path, separated by an air gap. The moveable contacts are attached to an armature that is held off of the base by springs but can be pulled in with an electromagnet, commonly referred to as a “coil”. When power is applied to the coil, the magnet pulls the armature towards the base and the moveable contacts connect to their stationary counterparts, completing the circuit. When power is removed from the coil, the springs force the armature back away from the base, once again creating an air gap in between the power paths. 
Arc formation. As the contacts begin to separate, the dielectric strength (insulating capability) of the air begins to drop the voltage. That drop in voltage increases the current at first, which melts the metal of the contact material. The molten metal very briefly forms a bridge, but then the metal actually vaporizes and causes an arc to form. As the contacts continue to separate and the dielectric increases, the current rapidly drops and the voltage rises as current approaches zero. This high voltage maintains the arc as the contacts separate. As that arc burns, metal from the contact material and the surrounding air gasses are ionizing, which helps to maintain the arc. Only when the air gap becomes wide enough does the dielectric strength overcome the ability for the arc to sustain itself and the current stops flowing. It is this air gap, or more specifically the dielectric strength of that air gap that is a key issue in ceasing the flow of current.
AC (Alternating Current). When a set of contacts are opened in AC power systems, the contacts have very different needs when it comes to stopping the flow of electricity. In AC, the current flow is, by definition, alternating between positive and negative at whatever the frequency rate is. That then also means that the power is crossing zero at twice that rate; once going up to full positive and again on the way down to full negative, so with 60Hz in the case of North America, the current is crossing Zero 120 times per second. As a set of contacts begins to open, the inherent qualities of AC power are assisting the air gap dielectric in interrupting the flow of electricity across the contacts as they pull apart. The surface area of the contacts is cooling ever so slightly with each zero cross, so the amount of material that is vaporized is lessened. Because of this, contactors designed only for AC use need only address the minimum requirements of air gap separation. AC contactors have what are called Arc Chutes to provide a safe path for the brief arc, but there is no need for additional steps to be taken to extinguish it.
DC (Direct Current). A bit more of a challenge, DC power flow is more difficult to interrupt. At voltages under 300VDC, the challenges can be relatively easy to overcome. But at higher line voltage such as 600VDC, the common voltage rating of many commercial and some residential PV systems, the challenges make it more important to make sure your device selection is appropriate. When a set of contacts opens in a DC circuit, the air dielectric does not have the Zero Cross of AC to assist it. As a result, extinguishing the arc is more difficult and contactors not designed to deal with it are subject to rapid deterioration and failure. So although contactors designed for AC or lower voltage DC are generally less expensive and smaller than 600VDC contactors, there is a reason; they will only work for a short time and their failure will likely result in welding of the contacts. 
Risk of failure. As mentioned above, the arc vaporizes the metal of the contacts and during a sustained arc, the amount that vaporizes increases exponentially with time. Repeated openings will rapidly decrease the mass and the surface area of the contacts. As a result when they are re-closed, the decreased material can no longer dissipate heat effectively and can cause the contacts to weld, meaning that when de-energized next time, the contactor will not open. In many PV applications the contactor is being used for isolation so this puts the users at severe risk. Just when you are counting on the contactor to open, it could fail to do so and the circuit would remain live. There is even a chance that it might fail the first time it would need to open under load. The risks are great, the rewards are not there.
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Arc quenching. The main difference between contactors designed for AC power and those designed to switch DC is the enhanced ability to quench the arc so that it is not sustained any longer than necessary. Depending on the current rating, the method of enhanced arc quenching varies. For voltages under 300VDC and low current systems (typically under 50A) even at higher voltages, an increased dielectric of the air gap along with a stronger spring to open it more quickly can often be effective enough. So for these ratings and smaller sizes, DC contactors have an increased stroke length and stronger spring mechanism [image: image5.png]


to open it faster, then consequently a stronger coil to overcome the spring.  But this concept runs into the laws of diminishing returns and at some point, the increased spring strength requires too much energy to overcome it in order to close the contacts. At higher current ratings then, other means must be used to quench the arc. The most common and least expensive form of this is called the “Magnetic Blowout”. What a Magnetic Blowout does is to create a strong temporary magnetic field in the vicinity of the arc formation which causes the arc to stretch into the arc chutes. This creates a higher effective dielectric distance and allows a faster extinguishing of the arc without having to increase the travel distance of the contacts any more than necessary. Magnetic Blowouts can be made with permanent magnets, or they can be made with special coils and sets of contacts. The latter increases the number of moving parts and physical size of the contactors, but the permanent magnets are typically more expensive to manufacture.
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UL Listing. In a complex interconnected market, a lot of components are being marketed in North America that are made for markets in other parts of the world. While these products are no less engineered and capable of doing the job, UL listing offers something that many IEC rated devices do not; 3rd party evaluation and certification. IEC rules allow for what is called “self certification” by the manufacturer of the device.  Whiled some manufacturers, such as Siemens, still submit their products to 3rd party testing agencies to meet their stated IEC specifications, that is not a universal concept. In addition, many jurisdictions in the US and Canada will require listing by what is called an NRTL, Nationally Recognized Testing Laboratory. Underwriters Laboratories (UL) is perhaps the best known and most widely accepted in the US. In Canada CSA is more widely known, but in a reciprocal arrangement, cUL (UL –Canadian) carries the same acceptance level.  What this means is that when an installation is inspected, the local Authority Having Jurisdiction (AHJ) may often insist on seeing an NRTL label on every piece of equipment. Failure of that inspection can cause expensive delays, and NRTL labels cannot be easily added in the field. Selecting UL listed contactors then ensures a smooth execution of your project without undue interference and delays.
UL vs IEC. One thing to look out for even in UL listed contactors however is the use of confusing data.  UL test specifications for DC contactors are very stringent, yet very clear and not as complex as IEC specifications. IEC ratings have several “Utilization Categories” denoted as DC-1 through DC-5, which describe exactly how the current ratings vary based on use. The differences in the categories are complex and are intended to be used in a thorough engineering evaluation of the specific use of the contactor. As an example, DC-1 states that the current rating is based upon a resistive load, but also with an L/R time constant of less than 1 millisecond. Most users are unaware of what the L/R time constant is of their application, and the UL test procedures make no such distinction. For UL listing, current is current, so the closest equivalent IEC rating is DC-5, meaning heavy duty switching under adverse conditions. To make it worse, some manufacturers will publish their DC-1 ratings in literature, while their UL tested ratings are significantly less. This can expose the installer to risk of having problems at a later date if something goes wrong and it is discovered that the device is under rated. To protect against this, OEMs should always ask for the UL report on a 600VDC contactor to be sure that the current rating they are looking for is the one they are selecting.
Summary. DC contactors are often criticized as being too large and expensive when compared to AC contactors of equivalent current ratings. But there are valid engineering reasons for this and one cannot assume that an AC contactor can be used on DC, or that a contactor rated for 300VDC can also be used at 600VDC. The design considerations that allow the safe and reliable control of 600VDC power are significant and well researched. In addition, using UL listed 600VDC contactors provides for smooth installations without regulatory hitches and making sure the ratings are correct will help ensure trouble free operation for years to come.

Siemens Energy and Automation manufactures the 3TC Series of DC contactors rated for 600VDC operation and UL listed with the current ratings shown in our catalog. 
Example of a high current (75A) 600VDC contactor with Magnetic Blowout. 





Example of a low current (32A) 600VDC contactor. 
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