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>> Vicki Kipp:  
Hi. Roger Strand’s career in broadcasting began in 1969 at WHMC-FM in Rice Lake, Wisconsin, where, as a high school junior, he voiced station IDs and PSA announcements to fill the commercial breaks during the Milwaukee Brewers inaugural season.

His early passion for communication and technology launched a diverse and accomplished career spanning broadcasting, electrical design, and technical management.

Roger served as the regional technical manager for the Educational Communications board through 2009, playing a key role in maintaining and improving broadcast infrastructure across Wisconsin.

He then went on to be a technical leader and project manager with Piper power-- I'm sorry, Pieper power. I love saying that! …with Pieper Power through 2018 and currently applies his expertise as an electrical designer with Cooper engineering and as a consultant with ECB.

Roger holds an associate’s degree in industrial technology from UW-Stout and maintains active professional credentials as a Wisconsin Master Electrician and Registered Electrical Designer. Roger is also licensed by the FCC as both a General Radio Telephone Operator and an Amateur Radio Technician. Roger is a member of and past president of Wisconsin Electrical Trades Council and is active in the International Association of Electrical inspectors.

Roger is known for saying, “Put an ammeter on it.” Please welcome Roger.
[applause]

>> Roger Strand, ECB, Cooper Electric:
Well, thank you. Today, I was asked to talk about electrical safety and then some electrical operations at your transmitter sites and studios. And I'm going to lead off with arc flash and arc blast, which is a real thing. And I've got a video I'm going to run here in a little bit. But I want to explain a little bit about it. And I'm going to advance the slide. 

And the arc flash is the light that's produced by an electrical arc fault, sometimes called ‘flashover.’ And it's a type of electrical explosion that results from connection from air-to-ground, or from phase-to-phase, within electrical equipment. 

Arc blast is different from a flash in that it's a supersonic shock wave that will actually propel you across the room. And then, the atmosphere is full of molten copper and steel and whatever else it has decided to become. I guess it's just a blast, a fog of molten material. It's not a pretty thing, and we're looking at some really extensive injury that can occur and damage to equipment that can be just plain unrepairable.

You probably have heard about arc flash suits. They're rated up to 40 calories, which is a lot of energy. And you cannot survive in a suit any energy which exceeds 40 CALS. It's beyond being survivable. So that's why they don't make them over 40 CALS.

And you'll see it when I get to the labels of how it affects things. And there's some math up there. If you want to go through it, you can kind of calculate it out.

Their temperatures exceed 35,000 degrees, which is a lot and blasting molten metal and expanding plasma outward with an extraordinary force. 

We hear a lot about how to rate arc flash and arc energy, and we rate it in AIC, and that's Ampere Interrupting Capacity.

So, when you look at a circuit breaker, most of the circuit breakers that go into your house carry 10,000 AIC. Some are 5,000 AIC, depending on what you're at. That is the capacity of that breaker to interrupt a short circuit.

If you were to put that 10,000-amp AIC-rated breaker on a 20,000-amp circuit, the breaker will explode, along with everything around.

So that's one thing when we're designing electrical circuits. We try and match the equipment rating to the AIC.

We calculate that with a with a couple of things. One is, what we'll see in a little bit, is the let through current, how much current is actually coming through the device. And then, how long it stays, coming in, being conductive to it.

And you can come up with this calculation where you've got a device that's 200 feet away that will actually have a higher calorie rating than one that's 20 feet away because of the clearing time of the breaker. The current is actually lower, and so the breaker does not act as fast.

If you've ever looked at a breaker curve or a fuse curve, it starts out with an instantaneous fault, and the clearing time is like usually 0.1 second. That's about as fast as anything is going to open. And then, after that, as the as the current decreases, the time increases. But then the energy that's flowing through is also going to increase. And so, can you get different calorie ratings at different distances from the source. All right?

Let's use 125 kV a transformer. And transformers are rated in in their impedance, which is the XL (inductive reactance) and the XC (capacitive reactance) and the resistance of it. And we calculate the impedance out. I think a lot of people know how to do that.

I've taken one, it's got a 3% impedance. It's operating at 208 Volts AC, and also at 120 VAC. And if you run through the calculations, there's a little bit of some small, minute factors related to the power factor. That's when the current is exactly in phase with the voltage. It rarely is. There's always a little shift. So, that does affect the calculation. But for the purposes of this, I didn't use that.

And so, at 10 feet away, with conduit and conductor away from the transformer, you've got 11,000 amps and a lot of— depending on what you're using, it's about 1.2 calories per centimeter squared (1.2 Cal/CM2). That's not a lot; that's really not a lot of energy. 

And at one point in time, prior to two years ago, the NFPA 70E rating had a Class Zero, which was basically you wore a cotton shirt, leather gloves, and a pair of safety glasses. Class Zero has gone away. And a little later in the presentation, you'll see that now we go from Class One to Class Five in the fault current ratings.

Here's another calculation below that you've got a 500 KV, a transformer with an impedance of point 0.48% operating at 480 VAC and the fault current calculation is 12,544 amps with 10 feet of conduit conductor between the source and the equipment fault. 

And then we calculate below, that another 500 KVA transformer running at 480 VAC, and a 3% rating impedance that jumps up to 20,000 amps. So, the impedance rating of the transformer is a key part of the calculation.
 
You might want to wonder where all this energy is coming from. Well, the transformer is supplying current at a rated voltage. When you put in a load that exceeds what that transformer is capable of, the voltage starts to drop, and the current continues to go up.

So, when you put a fault on it, that whole magnetic field within that transformer assembly is collapsing, and as that collapsing, that energy comes out as energy, which they rate it in joules, but in as far as the effects on human beings, it's rated in calories. But that's where it comes from. 

I'm going to show a video here about an arc flash that is occurring in a test lab, and it is courtesy of Eaton. Nope, not yet. Can we play that? Yeah, we can roll that.

Maybe this isn't a test lab. I think it's the test lab that's down in Racine. 

[explosion]
[upbeat corporate-genre instrumental music]
[cheerful synthesizer]
[delicate notes]

That's not a real big panel. It's probably— Looking at the bus bars on it. I would guess it's probably a 600-amp bus bar set up there, maybe 800. You can see that the lower part of it is just gone.

And so, to provide this safety rating, there's a procedure to identify the faults.

Item one is nominal system voltage tells you what's there. Number two is the arc flash boundary. How far away you need to be with it? There's usually a working distance of 18 inches. And then, there's a distance of where it's out of the danger zone. What protective layer of equipment do you need to wear. And there's the warning, the heading, the danger header. And then, the shock boundaries. And then, there's a date of risk of assessment. 

And that gets developed by using software that will calculate not only the energy that's coming out of the source, the transformer or the electrical service, but also, if you have any significant rotating equipment, such as large motors or that type of thing, they will feed back into a fault, depending on how far they're away from the fault, that it occurs.

You can do the calculations manually, coming from a transformer into a fault in a very simple calculation.  But when it gets into large plants, you really need to use software. There's a couple of them out there. SKM is one I'm familiar with. We usually farm that out to a specialist. We don't try and do that in-house because we don't do it enough. And those guys do it every day, and they do a good job. And then, they actually set what's going to be on the labels. 

Here's a fault current calculation shown. And it takes an account the voltage, the wire size, the number of conductors.

And you notice that in this one here, this is this 500-kilovolt transformer running at 208 VAC, which is a common voltage that you have in your plants and transmitter plants. And when you get all through it, at the end of the 10-foot run, you have 24,000 amps phase-to-phase, and 22,000 amps phase-to-ground. That's a lot of energy.

Same calculation using the same 4.8% impedance transformer at 480 VAC, you'll see the resultant number is 12,000 amps phase-to-phase, and roughly 12,000 amps phase-to-neutral. 

So, just because the voltage is lower doesn't mean it's less dangerous. It's actually more dangerous.

One of the most disastrous arc fault situations occurred in Florida, in one of those vertical condominium towers. I don't know… One of them fell apart few years ago. 

They were working down in the basement on the switch gear. It was at 208 and they started an arc flash in there that consumed the whole building. It went up, and the entire building was just destroyed, and the folks that initiated it were— did not survive.

This is what the labels look like. And if you look at there's the voltage on it, there's the limited approach, which is the distance I can be away from it. In just standard street clothes, I can be 42 inches away from that. I can be observing someone who's working there. Why? I don't know why I'd be there, but I might be.

And then, there's the restricted approach. At which point, I am going to say, I'm going to try and work on that. And if you look at the first label, it's red. And if you read the header on it, it says “Arc Flash and Shock Risk Hazards. Appropriate PPE Required. Failure To Comply Can Result in Death or Injury.”

The calories per centimeter squared is 117, and so, there is no PPE that works at that level, and those stickers are always in red. And so, if you see that, it's not possible to work on that energized. 

Next label is, is got a and the arc flash hazard boundary is 307 inches. I should have pointed that out. 

The next label over is, is a 240-volt circuit. It's 90 inches. Limited approach 42 inches, restricted approach 12 inches, and that is 15.7 calories per centimeter squared. And that is a Category 1 PPE classification.

We got a 12, a 7.63, another 15. 

Here's one right on the bottom row here.

I think this has got a pointer on it, does it? Oh, I'm pointing it at myself. That's good. You know, that's why the left the arrow was up instead of down, as I was holding it backwards so. 

But you see that 0.54 calories per centimeter squared, 480 volts, and 12 inches restricted approach. The date of this was January 22, 2024. And here's the 7.63, I think.

So here, we get into the categories. The minimum arc rating of 16.75 is what's required for PPE Category 1. And you notice there is no Category 0. You’re going to see some Category 0 labels out there. They're out there NFPA, which is the National Fire Protective Association which manages this, does an upgrade about every three years, and they decided that what they had been seeing with Category 1 incidents is they just needed or zero. They needed to take it out.

So, we have a Category 2, 3, and 4. And there is a 5, but it's not survivable, so we don't even put that up there.

And at Category 4, you have 167 joules per centimeter squared. That's a lot of energy. Yes, that's the equivalent of 40 calories. And if you look at the protective equipment for Category 1, it's a hard hat, safety glasses or goggles, hearing protection. That's a big problem. When people have been exposed to this, they blow out their eardrums, and those aren't really repairable. And then, gloves and leather footwear.

And then, as you keep going up, you're in a full hood with a balaclava underneath it. It doesn't really talk about it here, but that normally comes with the 40 Cal suit. And what's happened is most people are now buying just 40 Cal suits. 

Except you might see some Category 1 fire resistant clothing, which is basically cotton pants, a fire resistant, and they carry a fire-resistant rating on them. Don't wash this with your children's clothes because the stuff does deteriorate. And then, a fire-resistant shirt, leather gloves.

If you're working with energized equipment, you're going to have a pair of rubber liners underneath that, which are a real pain to wear because your hands are just dripping wet when you take them off. But that's what's required.

Where would you need to require a Category 1 suit these days, or back in the day, a Category 0? 

Most of you have this equipment in your buildings, and you might be inclined to service it. It's a fusible disconnect. And you're going to replace a– You're going to test for blown fuses, and you might replace one. And that is a Category 1 situation, because the line-side conductors of the switch are energized. 

And what can happen is, if that fuse has been in there for 20 years, it's really in there, and you're going to have to— You might be inclined to use some force to try and get it out. And if you're to that point, you really need to stop and call a trained— someone who's trained in NFPA 70E. And the utility is going to have to unhook the service because you don't want to wreck stuff or get hurt.

So, the question comes up, can I open a switch? Can I open a breaker in a panel? This gentleman just mentioned a circuit breaker in a panel.

And the answer is yes. Yes, you can. See, that equipment is UL-listed to be able to turn the switch off or turn it on. You can turn a breaker on. You can turn— You know, sometimes you're turning off 400, 600, 800 breakers, and you can do that. If the equipment's in good shape and all the screws are in the panel, that equipment has been tested to handle the fault. The AIC rating of that particular switch gear. 

Voltage testing triggers the need for PPE when before it was just class was rated Class 0. And we didn't need to do that. Now we do.

When we're testing, we call it testing for absence of voltage. And when you're going to do that, you take a meter, which is Cat 3 rated, and it is also-- Oops, come back, got the wrong button. It's also UL or CSA listed; it's 600 volts rated. It's surge protected to 6 kilovolts, and it fused internally at 11 amps, at 1000 volts.

And if you look in your friendly Fluke catalog, which is where I got that from, you will find that that is the standard for a Category 3 meter.

So, if you go to the hardware store and you buy a meter, or you buy one from Amazon.com that's coming from a faraway country, it probably does not carry this level of labeling. And the risk is, if you have the leads plugged into the ampere jack, and you're testing for voltage, if that fuse is not in place, that meter is going to launch. Right?

You got it right here. You're holding it here when you maybe you stick the lead in one of the handy friction holders there, and you're out there testing it. I mean, you're there.
[coughs]
So, excuse me, be careful with that.

You've all seen the little non-contact testers. I think they give them away. They have them. They you put it on there. It's rated for 600 volts, and it glows if it works. But they are not permitted. They do not permit using a non-contact type tester.

I had an image, and for whatever reason, it would not transfer into PowerPoint. And maybe there's some PowerPoint experts that can tell me how to do it. I tried to print it in there, copy it in there. It just would not work. But either way, don't use them. 

When testing for absence of voltage, the meter needs to be first plugged into a known electrical source and tested to make sure it works.

Now, if you're measuring 480, it doesn't mean you have to go find a 480-volt source. You test it into your friendly outlet that's next door to your panel, and then you make sure it works.

Then, you go and proceed with the testing of the switch or breaker. And then you take it back and you retest it again to make sure that it's still working. That's a process.

I want to talk a little bit about: know your plant, know your building, know your facility. 
[cough]

I apologize for… I got a tickle.

But you need to know where your main disconnect is. Sometimes there might be two. If they're not together, they need to be identified where that second source is. There should be a permanent plaque that is on both switches that tells you where switch A is and where switch B is.

You should know where your main grounding electrical connection is for your main grounding system. And you may have a master ground bar. And if you do that, a gentleman earlier today showed a diagram of how to connect your grounding. And that's the right way. A star system. You don't want to loop from ground to ground to ground. You want to bring it to a central point, and you work from there, and otherwise you get ground loops.

Oh, thank you very much. Excuse me. 

So, ground loops can cause a lot of trouble, especially with— what happens is you get ground currents flowing where there shouldn't be any ground currents flowing. The grounding system is designed to only have current in it when there's a fault in the system. That's the only time current should be flowing in the in the ground system.

Another good thing to have for your plant is a one-line drawing. And this happens to be an ECB site, the one at Park Falls. And if you look at it, we— Oops, come on!

This has an 800-amp main. On the load side of the main, there's a circuit breaker that feeds a panel for an emergency generator to power up the engine heaters and that kind of thing. 

And then, there's two 400-amp feeders. And those feeders go feed two separate parts of the building. There's this part and there's this part. 

And originally, this site had two generators. And now, both generator– The smaller generator is being eliminated. The larger generator is going to have two feeds: one here, one here. When you look at the generator, they're side by side. 

The advantage of having two feeds off your emergency generator is that you can shut down part of your plant and do work that cannot be done energized. At the same time, keep part of your plant running. 

And so, when there's a power outage, the transfer switch feeds both sides and everything runs. But it gives you the option of shutting off this portion of your plant, keeping this side energized. And then, we… And that's something useful.

We're also added a load bank switch, which allows… When you need to do a load bank test… Say your generator’s not running right. You're having engine troubles, fuel troubles, something… You need to bring in a test load because you don't want to be trying to power your equipment up and down when you're adjusting your generator. And you can plug the load bank in here, and that's—

If you're replacing a generator, I would recommend highly that you get two output feeds on it the same capacity as the main breaker, and then, have the ability to either split the system someday and use two different sides of it. Or for the testing of maintenance, you can get a load bank brought in by Cummins or whoever's working on your generator. 

And one lines don't have to be this complicated. Many times, the one lines will only cover this section here, and then the main distribution sections here. And they don't get into all the minutia of transformers. Step down transformers and things.

But when you're working on something, if you have a one line that's accurately up to date, and you have labeled all your panel boards and breakers, which you're supposed to do, that's required by NEC, you kind of know where you're headed. You got an idea what should be running, what's not running. And it's really useful in troubleshooting, as well, to be able to, you know, identify where, what transformers are feeding what panels.

So, this is what we call a power distribution report. And it's, I don't know. Excel doesn't really play nice with PowerPoint. But when you get— If you're interested in this, the WBA will send out a copy of this presentation. It's quite legible on a regular computer. 

But if you're going to have a have an arc flash study done, there's a lot of important information here. It gives you what the device is, if it's a motor, you know, what horsepower it is. That's useful for calculating that feed current. In the case of an arc fault, what size the breaker is, what's the length of the circuit and the conduit, and all of those things are important in an arc flash report.

This is kind of a of an intermediate one. But that information, if you have it, would be very useful, and it'll save you— It's just useful for troubleshooting.

Another thing we can do to limit arc fault energy is with fault current limiting. And we typically do that with fuses, or we can use electronic breakers. And typically, when I'm doing a large service, I will go with an electronic breaker because that gives me a short time curve, it gives me a long-time curve.

And so, if the fault current is really high, I can trip that breaker out of there really quickly. If it's a long current… Maybe I got a big motor starting or something like that… I can let that hang in for a while. And sometimes, we'll leave those go for five seconds, depending on what the application is.

But there's also resistance grounding that we'll use in an industrial site. And what that does is it takes the current, the XL (inductive reactance) circuit, the grounded conductor, the neutral, if you will, where it's going to tie into your grounding system. And we limit that current with a resistor. It's a big resistor. It's in an enclosure because… 

That will let you know that you've got a problem. And you can actually run with one phase grounded for a while.

And then, you can find it by using a clamp-on ammeter that's a great big thing. You can put it right around the conduit. And you will know which circuit is faulted out. You can trace it that way.

This is how we use fuses. And you can see that this is probably… Let me see if I can tell you what it is. Get a little closer. This is the 10,000-amp line here. This is 20,000. You've got about an 18,000-amp fault current here. And these are published by the fuse manufacturers. 

You take it, and this is the curve, and then you bring it across, and that will tell you there what your asymmetrical fault current is. That's the units nonlinear at that point. But, you know, faults are typically nonlinear. You've got a lot going on in a short period of time.

And then, this is the symmetrical fault current. And we've reduced that down to, you know, right about 8,000 amps, which is kind of nice to be able to do that. 

And then, there's a whole series of other— there's different types of fuses. This is a Class J fuse, which blows pretty quick. Quicker. And I like to use that when I'm feeding electronic equipment, like server equipment, things like that. It's got a pretty quick curve there, and it'll blow a lot sooner. But yet, it still lets you carry your full load current. Class J fuses are a newer style of fuse, and they're really good. They cost a lot, but they're worth it. 

Over here, I've got an RK1 fuse, which doesn't blow quite as quick as a Class J, but it will clear the fault. And again, we're getting that current down to in the 8,000, 9000-amp range.

Here's an RK5. Now those guys are really meant for heavy motor loads, things like that. And you can see that we're not dropping that current down as much as we might want to.

This is a 250-volt fuse. This is a 600-volt fuse. And that I can I know that from the part number. An S number is a 600-volt fuse. An N number is 250-volt fuse.

Something new... You probably won't ever see it, but I'll just tell you about it.

We’ve gone to arc detection in switch gear. That's the latest and greatest thing out there. And they can— That equipment is installed by the manufacturer in the switch gear. And it detects an arc— It can open that in as little as two milliseconds. Because it's forward leaning, it detects it, and before it even gets going to the point where it's going to draw some amplitude, it can open that breaker. These are all power operated breakers. They're not stuff you buy at Home Depot. They're expensive.

Something else we do— and you probably have this in your facilities, because it's important. You don't want— If someone comes into your facility and plugs in a defective vacuum cleaner to clean the floor, you don't want that taking out the main breaker.

And the way we do that is by coordinating. So, we have layers of curves where this breaker trips well before the next one does. The main breaker in the panel. And then, it works its way up. So, as the fault currents, as the ampacity increases, you give it more time. 

But that's something that should be done in any kind of commercial facility. If you're building new, you need an arc flash study and you need a coordination study. They're both equally important because… you know that that 20-amp vacuum cleaner? I didn't make that up. That's actually happened, where you can take out a whole main circuit breaker if the settings aren't— If you got the main circuit breaker set down too low, it doesn't allow the time to trip the smaller one.

One thing we talked about limiting fault current, but we still need that range to be able to layer those trip curbs. And so, if we get the fault current too low, it makes the coordination very, very difficult. 

And I don't know if you ever see this, but in a hospital where coordination is really, really tricky, these breaker panels are actually a breaker and a fuse all in the same unit. And it's a special fuse that Bussman charges way too much money for, but that's what they do.

But it will allow that coordination to occur, so that if it's on their emergency circuit, which is real critical. If you're in the operating room, you don't want breakers tripping any more than they have to or taking out the main. And so, those fuses can blow very, very quickly. And you'll see that. 

This is what a resistance grounded service looks like. I just put this in for information. There's two ways to detect it. You either detect it with voltage— Voltage goes up and it trips, or you're measuring the current. And you have a current relay that is right in here, and it will trip the ammeter there.

I talked about a pulsar circuit for finding a fault in a resistance grounded system. That's the pulser. And basically, what it does, this contact changes the— puts a resistor in parallel with the main grounding resistor, increases the fault current, or the current that's flowing through there, to the point where you can read it on an ammeter. And those ammeters go up to, I don't know, maybe 10 or—
They're great big things. It looks like you're going to trim your hedge or something. 

But it's got a clamp on transformer on the end of it. It's designed to go around a large conduit. And you'll see it— When you have it, when it actually happens, that meter is pulsing. And then, you know, you're on the right track to being able to shut that down.

This is also required by NFPA. This is an Energized Electrical Work Permit. If it's required, you need to get it filled out. And the manufacturing manager in a plant, the safety manager, the general manager all got to sign off on this. And then, also the contractors’ people have to sign off on it. These are really hard to get nowadays. But in the packet that I've sent to WBA, the whole process is in there. 

We're seeing less and less of these now. We just— The management has become accepting of the fact that they are going to have to take some outages from time to time.

And so, that backtracks back up to my one-line diagram where the design becomes more important to be able to isolate certain sections without having to shut the whole place down.

Nitrogen Safety
Now, here's a whole different situation. How many people are running nitrogen pressurization gas in their plants?

All right. You need to have an SDS file report on hand. This is the best sticker I could find. It's for medical gas. But the other one for just gas, for purging lines and things like that is the same sticker. 

And the issue is that if you've got a six-inch transmission line and you're running a liquid cool transmitter, you're not moving much air. And it's decided you need to work on the transmission line. And so, you open the bleeder valve in the station building there next to the nitrogen regulators, and turn those off, and you start dumping nitrogen into your building. It doesn't take a whole lot for you to become woozy, get a headache, and you can we can cause suffocation.

So, the protective answer for this is to have the SDS sheet in-house at your transmitter site, wherever you have these transmission lines.

And, at the same time, have a provision to take a garden hose and run it out the door somewhere. And make sure that the gas is going out there. Seal up that fitting so you're not purging that gas into the room.

I've experienced that wooziness, and it's like, “Oh, yeah, we got to do something here.”

Because you're all excited. The tower crew is here; they're up in place. They're going to tear your fine matcher apart or do something, and then they say, “You’ve got to get the gas off here,” you know. Because they don't want to open it up there. O rings blow out. They just don't want to be doing that. 

And so, we do it at the ground level. Plus that valve may never close again at the antenna. That's how we do it. So be aware of that. 

And OSHA requires that you have an SDS sheet for Nitrogen at your plant site. This is the SDS sheet from Linde, and it tells you all the things. And I just copied— This is a 14-page document. I just copied page five. But it's also in your packet from WBA. They will send this to you if you ask for it. 

Questions? Any questions?

Yes?

Audience:
I just have a comment. The IoT transmitters, generally speaking, use disconnects plus RK5 uses on fuse disconnect. You should consider changing fuse type, as discussed earlier, because those go very slowly. [inaudible] instructions for your solid-state transmitter, it's going to go a lot faster.

Roger Strand, ECB, Cooper Electric  
Excellent. And if you look at the installation instructions for your solid-state transmitter, it will tell you what size fuse needs to be there and what class it needs to be. And typically, we've been putting in class J fuses in the in the solid-state transmitters that I've been involved with.

I had a couple things I wanted to mention. And they came up... There was a gentleman today— And if you're in the room, I'm not picking on you. But he had a picture of an Allen wrench in a fuse disconnect and periodically tightening his connectors. And I want to talk about that a little bit… 

That is a connector that is designed to be torqued, and typically you do not have to retighten those. If you tighten them too much, you're going to cause one of two things to happen. That's a cast aluminum tinned lug, number one. If you can put too much torque on it, you will split that lug on the side, because that's the thinnest part, and it will crack, and now you have nowhere near the proper torque on that conductor.

And the second thing is, if you… So, now you got to take power down, you got to take it out. You got to order a connector because you can't go to Hardware Hank and get a connector for that fuse disconnect.

So, a far better idea is to do an infrared survey of it. And look at your stuff. And I know some places do it once a year. 

And it doesn't have to be a hazardous situation. You're not working hot. I would recommend that when you're doing it, if you are opening the door, you need to have a Class 1 fire protective PPE on. It's not hard. It's that you can do that for 100 bucks.

And you take your Flir or whatever you got— You can even use a cooking infrared device designed to shine to see how hot your hot your pizza is. They're pretty accurate. They really do work. Some of them got a little laser on them. 

I mean, the Flir is a great one. You get to see the color profile and the conductors, and I'd recommend that. It is the best way to do it.

And then, look at those reports when they're done. And I've looked at those from time to time, and I say, “You know what? We got something going on there.” And so, we'll arrange to get the power taken off, and go in there, and see what's going on. Particularly if it's a line side conductor, you have to de-energize. And that takes that takes planning, and you need to do it. So, I would recommend that you do that.

I do not recommend re-tightening lugs if they were properly installed in the first place, which some are not. You may have to do it, but you would do it after you've looked at it with a Flir infrared camera. And then, make plans to adjust, to take care of it.

The other thing: if you ever do take an aluminum set screw lug out, they're only designed to be torqued once, and you're not going to go get another one for it.

Take a little of that conductive grease, that aluminum grease that you've seen, deoxy, call it, and just put a little on the threads. Because what happens is those threads can gall and you break a thread, and you're all done. Your lug is shot. So just don't put gobs of it on there, but just a little tiny bit. I am out of time. 

Audience:
So, question, just going back exercising transfer switches, main disconnects, yes, and routine exercising of circuit breakers.

Roger Strand, ECB, Cooper Electric  
Absolutely, I did have that note, but I will tell you that you need to, when you're running your generator— I don't— You can do it once a week, you can do it once a month. You can do it once every four weeks.

But thing you want to do is do it under load, especially if it's a diesel engine, you need to get that up to operating temperature and do it for an hour, two hours. The fuel is inconsequential. 

But run that stuff. Look at it. Look at your transfer switch with an infrared camera when it's running to make sure nothing's going haywire while you're there.

And yes, circuit breakers need to be operated probably once every two years. Does anybody ever do that? Some do; some do. 

If the breaker has a trip button on it that says trip, use that button to open that breaker. Don't sit there and hammer on the on the lever to trip it off. Hit the trip button. It's made for that. Then you have to close it down and reclose it to start again.

But they need to move. They sit there for years and years and years. I've been in situations where I've had a critical breaker that hasn't been shut up for its entire life, and we needed to shut it off. It was in a hospital. 

And I told the contractor, I said, well, we need to shut this off, but we have no insurance that this thing's going to reclose. Because we have run into that where it's been— the grease in there is so hard, and it's maybe run hot, that it will not reclose. 

And so, we go to a breaker house, and we rent a circuit breaker from them. They ship it in. You pay for the freight, you pay for the rental, and if you need it, you got it. Because they're hard to find. You're not going to— You need to plan ahead on that one.

The same with safety switches too. If they haven't been operated in a number of years, there's a grease on there that lubricates that as it goes into the blades. And you need to operate those things. And if that grease— When you have your person who's geared up in a Class 1 (or more) suit, have them check that grease. Make sure that stuff hasn't petrified because that has happened, too.

And then, that blade just sort of pokes in there. One blade will be offending on it, and it won't go in. It won't seat. It just sits there until you put a load on it, and then it says, “Oh, I'm done.” And so, whatever you've got on there trips off.

Audience:
I just bring that up because last year when we did the Superior project, and we shut the main breakers off on the transmitter, it didn't want to come back. We had to replace the breaker itself. 

Roger Strand, ECB, Cooper Electric  
Yeah, mechanically, it didn't want to come back. It does happen. And that grease-- Those switches can be cleaned and lubricated. It generally takes an outage to do it because you've got to get at the line-side of those lugs. And it's a good time to check the torque on the on the load, on the wires too.

But there's a cleaner that CRC makes that, actually, with a lot of brushing-- and you don't want to use any kind of sandpaper, or even the purple or gray 3M scratch pads. Do not use that because what you're going to take off is the silver off of the contacts. And the silver is what's conductive in those. 

So, thank you.
[applause]


