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EC-007 SUPPLEMENTAL READING

CP Rectifier
Troubleshooting: Follow the
Electricity

A systematic approach to diagnosing CP rectifier problems by
tracing the path of electricity from AC input through the unit to
DC output. Companion reading for EC-007 and the Electrical
Basics for CP Foundation series.

BY ROBERTS CORROSION SERVICES FIELD NOTES FROM RCS ~10 MIN READ

Originally published in Field Notes from RCS at newsletter.rcswv.com.
Included with EC-007 - Transformers as supplemental reading for the
Electrical Basics for CP Foundation series. Save it, print it, take it to the
field.
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The scene is familiar

You pull up to a rectifier site. Maybe the remote monitoring unit sent an alarm, or maybe it's
just your route. You open the enclosure and the output reads zero. No voltage, no current, or
something clearly off from your last reading. The instinct is to start poking around. Swap the
fuse. Reset the breaker. Bump the tap setting. Hope something changes.

That approach occasionally gets lucky. More often, it wastes time, misses the actual problem,
and can make things worse. A CP rectifier has a defined electrical path: incoming AC power
flows through the transformer, through the bridge/stack, and out to the protected structure.
The most reliable way to find a problem is to follow that path, measure at each point, and
isolate exactly where it breaks down.

Systematic beats random every time.

This article walks through that process. From pre-inspection safety to a step-by-step
diagnostic procedure that traces electricity through the unit from input to output.

Why rectifiers fail (and why some don't)

A quality CP rectifier from a reputable manufacturer, properly installed, should provide
decades of reliable service. The key phrase is properly installed. Three factors consistently
separate long-lived units from problem units:

 Quality components - properly rated and suited for the application, including appropriate
capacity for the connected pipeline load.

« Lightning and surge protection - arrestors, suppressors, fuses, and breakers that are
correctly specified and in good working condition.

 Proper grounding - NEC requires 25 ohms or less to remote earth ground for permanently
mounted electrical equipment such as a CP rectifier. IEEE recommends 5 ohms or less for
sensitive electronics, including Remote Monitoring Units (RMUs). Grounding connections
should be verified at installation and confirmed during annual inspection.

Even when all three boxes are checked, failures happen. Components age, connections
loosen, and lightning events overwhelm protection devices. When they do, your diagnostic
approach determines how quickly you get the unit back online.
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Inside a CP rectifier cabinet - the components a tech follows the electricity through.

Before you open the door

CP rectifiers contain both AC and DC voltage simultaneously. That combination deserves
respect before you reach for the latch.

PPE is not optional. Follow your company's requirements without exception, and if there's any
doubt, treat the enclosure as energized until you've confirmed otherwise. Insulated rubber
gloves and insulated tools are recommended any time you're working on or around an
energized unit.

Your primary tool is a high-impedance, calibrated multi-meter. It should be certified for the
work and current on calibration. Test leads matter just as much. Leads with proper insulation
ratings for the work are required. Fluke TL-75, TL-220, and TLK-225 are examples of suitable
options. Do not use homemade leads. Do not use leads with cracked insulation or damaged
wire at the handles. Replace them before the job, not during.

The correct measurement sequence matters. \When measurements require the unit to be
energized, connect your meter leads first with the unit OFF, remove your hands from the
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cabinet, then turn the unit ON to take the reading. Build this into your habit - not as a
precaution you take when you remember to, but as the standard sequence every time.

Before you approach the enclosure, take stock of the site. Look, listen, and smell. These
three inputs often tell you something before you touch the panel. A burning odor, scorch
marks visible through the vent, or an unusual sound from inside are all diagnostic information.
While you're at it, check the area around the unit - bees, wasps, hornets, and snakes show up
around outdoor rectifier enclosures more often than most troubleshooting guides
acknowledge, and they're not listed in the service manual.

Working alone is not recommended. This is standard electrical safety practice. It applies
here.

The mistakes that waste the most time

Even experienced technicians make troubleshooting errors. They tend to fall into the same
categories.

Complacency and rushing. Time pressure, fatigue, and distraction are the enemies of
accurate diagnosis. The temptation to assume you already know what's wrong, before you've
measured anything, leads directly to misdiagnosis and repeat trips. Clear focus on the task is
the most important thing you brought to the site.

A rectifier that takes 45 focused minutes to diagnose correctly is better than one you
"fixed" in 10 minutes and are back to in two days.

Wrong meter settings. A multi-meter on the wrong function gives a reading that looks
plausible and is completely wrong. Setting VDC when you're trying to measure VAC is a
common example. The display shows a number; you assume it's correct; you diagnose from a
false baseline.

Reading the humber, not the full display. This one is subtle and catches people regularly. You
measure incoming AC line voltage and the meter shows "119." You assume you have good
power and move on. The problem is that the full display actually read "119 mV AC" - not 119
volts. There's a significant difference. Always read the complete display, including the units,
before recording anything.
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Worn or inadequate test leads. Using the right leads on the right meter settings is basic. It's
also skipped more often than it should be. Check your leads before you start, not after you've
already gotten a suspicious reading.

Start with what you can see

Weather and environmental conditions play an obvious role in troubleshooting rectifiers.
Things like thunderstorms or standing water should be avoided.

Once the enclosure is safely open, before picking up your meter, perform a full visual
inspection. Front panel, interior, and side panels if the enclosure has them. You're looking for:
» Scorch marks or heat discoloration on components or wiring
e Burned insulation or visibly damaged conductors
« Signs of vandalism or physical impact damage
» Corrosion on terminals or connections

« Any component that looks out of place or obviously compromised

A thorough visual inspection takes less than two minutes. It can also hand you the answer
before you take a single measurement. Don't skip it because you're in a hurry.

If you have a voltage indicator device for testing cabinet safety, use it. Any device used for
this purpose should have a detection threshold no greater than 30 volts.

What are you seeing? Start with the symptom

Before starting the detailed procedure, identify which scenario you're dealing with. Most
rectifier problems fall into one of three presentations:

The AC circuit breaker has tripped. Look first for internal evidence of what caused it. A short,
an overcurrent condition, or visible component damage. Check that incoming AC power is
present and correct. Attempt to reset the breaker. If it trips again immediately, stop.
Something caused it to trip, and that problem is still there. Repeated resets without identifying
the cause can turn a manageable repair into a bigger one.

Both the DC voltmeter and ammeter show output. If the panel meters indicate the unit is
producing voltage and current, verify those readings with your multi-meter directly. This
should always be done. Measure DC voltage across the NEG and POS output terminals, and
DC millivolts across the panel shunt to calculate amperage output. Panel meters can and do
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fail. Confirm what you're actually seeing before drawing conclusions about the rectifier's
condition.

Little or no DC output is apparent. This is the scenario that requires the most systematic
approach. And the one where technicians most often misidentify the problem. The issue may
be inside the rectifier, or it may not be inside the rectifier at all. The procedure below will help
you find out.

A calibrated, high-impedance multimeter is the primary tool. Built-in panel gauges are not.

Following the electricity: step by step

The DC Power Circle is a useful mental model for this process. DC current flows in
one direction. What leaves the positive terminal returns through the negative
terminal in equal measure. When something breaks that continuity, your
measurements will show you where. Work through the following steps in
sequence. When a measurement doesn't match what it should, you've found your
problem area.
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A - Measure incoming AC supply voltage. Confirm that the correct voltage and phase are
being supplied to the rectifier. If AC power isn't present, or isn't correct, the problem is
upstream of the unit entirely. Nothing you do to the rectifier will fix a power supply problem.

B - Check the load side of the AC circuit breaker. Many units have breaker access holes or a
primary board that allows measurement of AC output on the load side of the breaker. This
voltage should match incoming AC. If it doesn't, the breaker may be defective, or there may
be broken or disconnected wiring between the supply and the breaker.

C - Measure AC secondary output from the transformer at the tap settings. Measure
between the coarse and fine bus bars at each tap setting. Voltage should step up in relatively
even increments from the lowest to highest tap. If voltage is absent at the taps, the
transformer is the likely problem. Also note the specific tap setting and voltage reading - you'll
reference this in the next step.

D - Measure AC voltage at the rectifier bridge/stack input connections. Locate the AC input
connections on the rectifier bridge or stack. The voltage reading at these terminals should
match what you measured at the coarse and fine bus bars. If it doesn't, look for broken wires,
loose connections, or a blown AC secondary fuse or breaker. One important note: if you find
a blown AC secondary fuse, do not simply replace it and energize the unit. A blown AC
secondary fuse is a symptom - something caused it to fail. Replacing it without investigating
further often results in another blown fuse, and may indicate a more serious problem inside
the unit.

E - Measure DC voltage at the bridge/stack output terminals. Locate the DC NEG and POS
connection points on the bridge or stack. Using the correct sequence (leads connected first,
hands out of cabinet, then unit ON), measure DC voltage output at these points. If DC voltage
is not present or is incorrect, the bridge/stack is likely the problem. For silicon diode or silicon
modular units, individual diodes or modules can be tested to identify which have failed. For
selenium bridge/stack assemblies, the entire bridge typically needs to be replaced.

F - Check between the bridge/stack output and the rectifier output terminals. If you have
correct DC voltage at the bridge/stack but not at the rectifier's output terminals, the break is
between those two points. Depending on the unit, the likely causes are a blown DC fuse
(positive or negative leg), a broken or loose wire, a damaged panel shunt, or a loose
connection at the output terminals.
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Isolating the problem: is it inside or outside the rectifier?

Here's a scenario worth addressing directly, because it generates a number of unnecessary
rectifier replacements.

The unit has no DC amperage output. You've worked through the procedure above, and
nothing inside the rectifier seems clearly wrong. Before concluding the unit is the problem,
consider the external circuit.

A rectifier produces current because it's connected to a load. The buried pipeline it's
protecting and the anode system completing the return path. If there is a cable break
somewhere in the external circuit, no current flows. From inside the enclosure, that looks
identical to a rectifier failure.

Many rectifiers have been replaced entirely, when the actual problem was a broken
cable or wire somewhere on the right-of-way.

The way to isolate this quickly is to connect a known resistive load directly across the NEG
and POS output terminals of the rectifier. A purpose-built 1-ohm, 300-watt solid aluminum
load-test resistor with properly rated leads and test clips gives you an immediate, accurate
diagnostic. If the rectifier produces current through the known load, the unit is functioning
and the problem is in the external circuit. If it produces nothing through the known load, the
problem is internal. That single test eliminates half the diagnostic tree in under a minute,
and it saves the trip back to the right-of-way until you actually know what you're looking for.
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4 1-OHM, 300W SOLID ALUMINUM RESISTOR — DEPENDABLE,
CORROSION-RESISTANT CONSTRUCTION

READY TO USE — 15" FLEXIBLE #10 AWG LEADS, MUELLER 27-C CLIPS
& COLOR-CODED BOOTS

INSTANT DIAGNOSTICS — QUICKLY CONFIRM IF “NO AMPERAGE
OUTPUT" IS INTERNAL OR EXTERNAL TO THE RECTIFIER

® ACCURATE 1-TO-1 OUTPUT CHECK — EASILY VERIFY RECTIFIER
AMPERAGE. CAPABLE OF CONDUCTING 17 AMPS CONTINUOUSLY

£ TOUGH & RELIABLE — DROP-RESISTANT, FIELD-READY DESIGN

@ CUSTOM OPTIONS — ALTERNATE RESISTANCE RATINGS AVAILABLE

ROBERTS CORROSION SERVICES, LLC
443 ELLENBORO RD, HARRISVILLE, WV 26362
304-869-4007 WWW.RCSWV.COM

A purpose-built load-test resistor: 1 ohm, 300 watts, solid aluminum, with rated leads and clips. The
diagnostic tool that isolates internal vs. external faults in under a minute.

Key takeaways
A systematic approach - following electricity from AC input through the unit to DC output -
is faster and more reliable than trial and error.

» PPE, a calibrated high-impedance multi-meter, and quality test leads are prerequisites, not
suggestions.

e The most common troubleshooting mistakes (wrong meter settings, misread displays,
rushing) are entirely avoidable with deliberate procedure.

e Always connect meter leads with the unit OFF, remove hands from the cabinet, then
energize to take the reading.

e A full visual inspection before any measurements often identifies the problem before you
pick up the meter.

» A blown fuse is a symptom. Find out why before replacing it.

« A load-test resistor across the output terminals quickly tells you whether a "no output”
problem is inside the rectifier or in the external CP circuit.
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Source material

Nelson, C.M. - Cathodic Protection Rectifier Manual: Trouble-Shooting, Maintenance, &
Selection. The systematic troubleshooting framework in this article draws from this
course manual, which Nelson has developed and refined over decades of teaching CP
rectifier training.

Referenced standards

 AMPP SP0169 - Control of External Corrosion on Underground or Submerged
Metallic Piping Systems

« NFPA 70 (NEC) - National Electrical Code: grounding requirements for permanently
mounted electrical equipment (25 ohms or less to remote earth ground)

« IEEE Std 1100 - Recommended Practice for Powering and Grounding Electronic
Equipment (5 ohms or less for sensitive electronics including Remote Monitoring
Units)

« AMPP TMO0497 - Measurement Techniques Related to Criteria for Cathodic
Protection on Underground or Submerged Metallic Piping Systems

e 49 CFR Part 192 / Part 195 - PHMSA pipeline safety regulations governing
operation and maintenance of CP systems on gas and hazardous liquid pipelines

ABOUT THIS SUPPLEMENT

Roberts Corrosion Services

Established in 2011, Roberts Corrosion Services delivers comprehensive, turn-key

cathodic protection and corrosion control solutions nationwide. This article is provided
as supplemental reading for EC-007 - Transformers, the closing module of the
Electrical Basics for CP Foundation series on training.rcswv.com. For more articles like
this, visit newsletter.rcswv.com.
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