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EC-007 · Transformers: Step-Up, Step-Down,
and CP Rectifiers
External Corrosion track  ·  Foundation tier  ·  ~20–22 min spoken

A written companion to the audio narration for this module. The text below matches the

spoken audio word-for-word, so you can listen and read along, or revisit the lesson on the

page after you've heard it. Audio narrated by Mike Roberts. 

Welcome to EC-007 from Roberts Corrosion Services. I'm Mike Roberts. This is

the seventh and final module in the EC track — Electrical Basics for CP — and

over the next twenty minutes or so, whether you're in the truck on the way to a

new install or out in the field standing next to a rectifier with the cover off, we're

going to walk through transformers. The one piece of math worth knowing — the

turns ratio. The types you'll meet in CP rectifiers. And the six nameplate fields

that tell a working tech everything they need to identify what's actually installed

at a site.

Picture this. A new CP rectifier just got delivered to the yard. It's bench-mounted,

no power connected, fresh out of the crate. Before it gets installed in the field,

you give it the standard pre-install look-over.

Front cover off, looking inside. The biggest physical thing in the cabinet — the

heavy chunk of iron and copper that takes up most of the bottom volume — is the

transformer. On the front face of the transformer, bolted to the case, there's a

small metal nameplate. You read it.

Primary, two hundred forty volts, single-phase, sixty hertz. Secondary, zero to

thirty-two volts, thirty amps, one kilovolt-amp. Dry-type, Class B. Serial number

two thousand twenty-six dash some number.

That label tells you a lot of useful things about the unit you're about to install — if

you can read it. What service voltage does this rectifier need from the utility?
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How much current can it deliver to the structure? What kind of cooling? Is it a

single-phase unit or a three-phase unit? Is it sized right for the job it's going to

do? This module is about reading that nameplate, knowing the principle behind

what the transformer is doing, and recognizing the types you'll see in the field.

The math stays light. The recognition is the work.

Same safety frame as EC-006. The hook above is set inside a safe context on

purpose — a pre-installation inspection, de-energized, on the bench. CP rectifiers

contain both AC and DC voltage simultaneously. PPE is not optional. The standard

practice when readings require an energized unit is to connect your meter leads

with the unit off, remove your hands from the cabinet, then turn the unit on to

take the reading. None of the rest of this module changes any of that.

Now back to the transformer. In CP work, what we call a rectifier is really a

transformer-rectifier unit. Two pieces of equipment in one cabinet. The

transformer steps the incoming AC voltage down. The bridge — sometimes called

a stack — converts AC to DC. Voltage-adjusting taps, controls, and supporting

components round out the cabinet. EC-007 covers the transformer half. The

bridge half gets a deeper treatment in another module later in the catalog.

The transformer's specific job inside the rectifier is to take whatever AC service

voltage is available at the site — commonly one hundred twenty volts, two

hundred forty volts, or four hundred eighty volts, sometimes higher — and

convert it into a much lower AC voltage suitable for driving a CP load. CP systems

typically need DC outputs in the tens of volts, not hundreds. The transformer

brings the voltage down before the bridge converts AC to DC.

One quick aside before we go further. Not every modern rectifier has a

transformer in it. Some smaller and newer units use solid-state circuitry called

switchmode rectifiers to reduce incoming AC power without an iron-core

transformer. Switchmode units are less common in the impressed-current CP

world than the standard transformer-rectifier, and the practical recognition skills

in this module apply to the standard transformer-rectifier — by far the most

common power supply on the kinds of structures CP techs are protecting day-to-

day.
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A transformer can do one of three things to AC voltage. It can step up — take a

lower voltage on the primary, deliver a higher voltage on the secondary. Common

on the utility distribution side. Rare on CP rectifiers themselves. It can step down

— take a higher voltage on the primary, deliver a lower voltage on the secondary.

The standard configuration for CP rectifier transformers. Or it can isolate — same

voltage on both sides, no electrical connection between them. Useful in some

specialized rectifier setups, but not a typical adjustment a tech makes in the field.

For practical CP-tech recognition, the transformer in front of you is almost

certainly a step-down transformer. The standard impressed-current CP rectifier

contains a step-down transformer with an output suitable for rectification.

There's exactly one piece of math in this module, and it's worth taking the time to

walk it. Here's the principle.

A transformer has two coils of wire wound around the same iron core. The first

coil — the primary — is connected to the AC source. The second coil — the

secondary — is where the new voltage comes out. The two coils are not

electrically connected. The energy crosses from one to the other as a magnetic

field in the iron core — the principle we covered in EC-006.

How much voltage shows up on the secondary side depends on how many turns of

wire are on each coil compared to the other. The relationship boils down to a

single equation. Primary voltage divided by secondary voltage equals primary

turns divided by secondary turns. The ratio of the voltages equals the ratio of the

turn counts.

That's the whole equation. Two ratios that have to match. If the primary has more

turns than the secondary, the primary voltage is higher than the secondary

voltage — that's a step-down. If the primary has fewer turns than the secondary,

the primary voltage is lower than the secondary voltage — that's a step-up. The

same equation describes both cases.

Let's work an example. A transformer has four hundred turns on the primary

winding and one hundred turns on the secondary winding. It's connected to a one

hundred fifteen volt AC supply on the primary. What's the secondary voltage?
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The turns ratio is four hundred to one hundred — that simplifies to four to one. So

the voltages have to be in the same ratio. The primary voltage is four times the

secondary voltage. To find the secondary voltage, divide one hundred fifteen by

four. One hundred fifteen divided by four is twenty-eight point seven five volts AC.

The primary side of the transformer sees one hundred fifteen volts from the utility

supply. The secondary side delivers twenty-eight point seven five volts AC to the

bridge for rectification. The transformer has stepped one hundred fifteen volts

down to about twenty-nine volts. A four-to-one step-down. The bridge takes that

twenty-nine volts AC and converts it to DC for the structure.

A couple of real-world notes. The turns-ratio math above assumes no current

flowing on the secondary. With the rectifier running, transformer losses pull the

actual secondary voltage slightly below the calculated value. Your multimeter at

the secondary taps gives you the real number.

Also worth knowing. When a transformer steps voltage down, the current

available on the secondary goes up by roughly the same ratio. A four-to-one step-

down delivers about four times the current on the secondary. No math here — just

recognize it. That's why the secondary terminals on a CP rectifier transformer

carry hefty bus bars while the primary connections are smaller wire. The

transformer doesn't make energy. It trades voltage for current at a fixed ratio.

The first big type distinction on a CP rectifier transformer is whether it's running

on single-phase AC or three-phase AC. This matches the AC service available at

the site.

Single-phase service is what most homes and small commercial sites have. Two

power-carrying wires plus ground at one hundred twenty or two hundred forty

volts. One cycle of AC at a time. Common single-phase service voltages on CP

rectifier transformers — one hundred fifteen, one hundred twenty, two hundred

thirty, two hundred forty. The North American standard is typically labeled one-

twenty-slash-two-forty, single-phase, sixty cycles.

Three-phase service is what larger industrial sites have. Three power-carrying

wires plus ground. Three cycles of AC at a time, each one offset by a third of a
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cycle. Common three-phase service voltages — two hundred eight, two hundred

forty, four hundred eighty. Of those, four hundred eighty volts three-phase is the

most common case for the larger CP installations that need three-phase service.

The choice between a single-phase and a three-phase rectifier comes down to two

practical things. The type of power available at the site, and the economic

comparison of overall costs. Three-phase power may be available at only a few

locations along a pipeline. If the site has only single-phase service, the rectifier

has to be single-phase. Full stop.

Where three-phase service is available, three-phase rectifiers are more efficient

than single-phase units of the same output rating. The trade-off is that three-

phase units cost more upfront, so the choice is usually a cost study. For large

installations, three-phase units tend to win out.

Recognition cue at the cabinet. Count the AC input terminals after the breaker. A

single-phase unit has two power lines coming in — sometimes called hot and

neutral, or L-one and L-two. A three-phase unit has three power lines coming in —

often labeled L-one, L-two, L-three. The breaker reflects the same count.

The second big type distinction is how the unit handles the heat that running

current always produces, and just as important in practical CP work — what kind

of site classification the rectifier is being installed at. Three housing types are

standard.

Air-cooled, sometimes called ventilated. Steel enclosure with louvers or screened

openings that allow air to flow through and carry heat away by convection. The

standard housing for most pipeline CP applications. If you've worked on a typical

impressed-current rectifier on a buried distribution line, it was almost certainly

air-cooled.

Oil-immersed, also called oil-cooled. Steel enclosure with the rectifier and

transformer fully submerged in transformer oil. The oil carries heat away from

the windings and the bridge much more effectively than air, and the sealed tank

also keeps environmental contaminants out. Heavier than an air-cooled unit of the

same output, so almost always pedestal-mounted on a concrete pad.
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Explosion-proof oil-immersed. A modified oil-immersed unit fitted with explosion-

proof seals and conduit fittings on every cable entry. Looks like a regular oil-

immersed unit with bolted-on rated fittings.

Air-cooled rectifiers are by far the most common type a CP technician encounters

day to day. When you do come across an oil-immersed unit, the reason is usually

the hazardous-area classification of where it's installed — not cooling needs, dust,

or salt air. Those environmental factors are real, but they're rarely what drives

the decision. A hazardous-area classification under the National Electrical Code is

what bars standard electrical equipment that could produce a spark from being

installed inside the area.

The classification system in plain terms. Class I locations are areas where

flammable gases or vapors may be present in concentrations high enough to

ignite. Compressor stations, refineries, gas-handling facilities, fuel-storage areas,

parts of chemical plants. Division 1 means the flammable atmosphere is normally

present, or present often enough during normal operation, that the area is treated

as hazardous all the time. Division 2 means the flammable atmosphere is only

present abnormally — during a leak, a vent release, or some other off-normal

event.

Either Class I rating disqualifies a standard air-cooled rectifier from being

installed inside the classified area. The reason is straightforward. An air-cooled

cabinet with diodes, breakers, and contactors inside is a real ignition source if a

flammable atmosphere is present. The fix is to seal the spark-producing

components away from the atmosphere. Oil-immersed and explosion-proof oil-

immersed units do that.

The practical pattern most CP technicians see in the field. At a compressor

station, refinery, or similar facility, if the rectifier sits inside the classified zone,

the site classification dictates oil-immersed equipment. Sometimes the rectifier is

installed outside the classified area on purpose so a standard air-cooled unit can

be used instead — that's a deliberate siting choice to avoid the oil-immersed

requirement. The decision isn't do we want oil for heat dissipation. It's whether

the unit ends up sitting inside a classified zone.
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Tap settings. EC-006 introduced these as connection points on the secondary

winding that let a technician change the secondary voltage without changing the

transformer itself. EC-007 unpacks how that actually works.

The secondary winding of a CP rectifier transformer is a long coil of wire wound

around the iron core. At several intervals along the coil, the wire is brought out to

a connection point — a tap — on a row of bus bars on the cabinet face. Each tap

connects to a different point along the winding, so each one represents a different

number of turns. Moving the tap connection changes how many windings are in

the circuit, and the secondary AC voltage changes proportionally.

Most CP rectifiers have two sets of taps that combine for fine control. Coarse taps

— the larger jumps in secondary voltage. On a typical unit you might see coarse

taps at roughly zero, twenty-five, fifty, seventy-five, and one hundred percent of

the unit's full-rated AC secondary voltage. Fine taps — the smaller jumps that fall

between coarse settings. A typical fine-tap range might be zero, five, ten, fifteen,

twenty percent.

Combine the two and a tech can dial in a wide range of secondary voltages. Move

the coarse from fifty to seventy-five for a big jump. Trim with the fine tap to land

on the target. Once the right tap setting is selected, the transformer holds that

voltage steady within real-world losses until the tech moves the connections

again.

The Follow the Electricity troubleshooting practice ties directly to tap settings on

step C of the diagnostic procedure. The tech measures AC voltage at the

secondary tap settings — between the coarse and fine bus bars — and confirms

that the voltage steps up in even increments from the lowest to the highest tap. If

the readings step cleanly, the transformer's secondary side is working correctly

and the tech moves on to the next component. If a tap reading is wrong or absent,

the transformer is the likely problem.

Three more to lock this in. Three recognition problems.

Problem one. Turns ratio. A small impressed-current CP rectifier is being installed

on a utility pole in the right-of-way along a buried distribution line. The site has
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standard two hundred forty volt single-phase service. The rectifier specification

calls for twenty-four volts AC at the secondary at full tap, before the bridge

converts it to DC. What's the turns ratio?

Pull out the turns-ratio relationship. Primary voltage divided by secondary voltage

equals primary turns divided by secondary turns. Primary is two hundred forty

volts. Secondary is twenty-four volts. Two hundred forty divided by twenty-four is

ten. So the voltage ratio is ten to one. The turns ratio is also ten to one. Ten

primary turns for every one secondary turn.

That means the primary winding has ten turns of wire for every one turn of the

secondary. Actual numbers might be a thousand primary to one hundred

secondary, or two thousand to two hundred, depending on the manufacturer's

design for the rated current. The energy crosses from primary to secondary as a

magnetic field in the iron core. The secondary delivers twenty-four volts AC,

which the bridge converts to roughly twenty-four volts DC.

And current goes the opposite way from voltage. When the transformer steps

voltage down by a factor of ten, the available current on the secondary goes up by

roughly the same factor. If the primary is drawing one amp from the utility, the

secondary can deliver up to about ten amps to the bridge. That's why the

secondary terminals on a CP rectifier transformer use heavy bus bars while the

primary connections use smaller wire.

Problem two. Nameplate reading. You arrive at a CP rectifier site for an annual

inspection at a remote oil-and-gas facility. The unit is one you haven't seen before.

Before doing anything else, you open the cabinet with the AC breaker off and your

PPE on. The transformer's nameplate reads — Primary, four hundred eighty volts,

three-phase, sixty hertz. Secondary, zero to fifty volts, one hundred amps, five

kilovolt-amps. Oil-cooled, Class H insulation. Serial number two thousand twenty-

four dash A-X dash three one two five zero.

Decode the nameplate. Primary side — the unit needs four hundred eighty volts

AC three-phase service. Standard industrial three-phase voltage in North

America. If you walked up to this site and the available service was single-phase

two hundred forty, this unit wouldn't run on it.
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Secondary side — zero to fifty volts AC across the tap settings. The unit can be

tapped down to no output or up to fifty volts AC. One hundred amps available.

Five kilovolt-amps apparent power capacity — fifty volts times one hundred amps

equals five thousand volt-amps equals five kilovolt-amps. After the bridge, the

rectifier's max DC output will be just below fifty volts at about one hundred amps.

Cooling — oil-cooled with Class H insulation. The transformer and bridge are

immersed in transformer oil. Class H is a high-temperature insulation class. Often

paired with oil-immersed units. Site implication — oil-immersed units typically get

specified where dust, salt air, corrosive fumes, or excessive moisture would

shorten an air-cooled unit's life. An oil-and-gas facility is a typical case.

Reading the nameplate end to end — this is a three-phase, oil-immersed, step-

down CP rectifier transformer rated at five kilovolt-amps. Sized to deliver up to

fifty volts and one hundred amps of DC output at the structure. A meaningful-

sized unit. The four-eighty three-phase service plus the oil-immersed housing both

point toward a sizable industrial or oil-and-gas installation. You haven't taken a

single measurement yet. Recognition off the nameplate alone tells you what's

installed, what service it needs, what its capacity is, and what kind of site it

belongs at.

Problem three. Type selection. Your company is installing a deep-anode

groundbed for impressed-current CP on a midstream natural-gas gathering line.

The CP designer has specified a rectifier rated for eighty volts and forty amps DC

output. About three point two kilowatts at full output. The site has four hundred

eighty volt three-phase utility service available. Sits inside the compressor

station's Class one, Division two classified area, outdoor and weather-exposed.

Mounts on a concrete pad with the deep-anode well a short distance away.

For each type-distinction, what's the right pick?

Single-phase or three-phase. Three-phase. The site has four hundred eighty volt

three-phase service available. At three point two kilowatts DC output, the unit is

in the size range where three-phase efficiency starts to pay off. Where three-

phase service exists, three-phase units are more efficient than single-phase units

of the same rating, and for larger installations the cost study favors three-phase.
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Air-cooled or oil-immersed. Oil-immersed. The classification is the dominant

driver. The pad sits inside the compressor station's Class one Division two

classified area. A standard air-cooled cabinet, with diodes and breakers that could

spark, isn't permitted inside the classified zone. Oil-immersed or explosion-proof

oil-immersed is what gets specified. Service profile is a real secondary benefit —

eighty volts at forty amps is a meaningful continuous load, and oil dissipates heat

much better than convection air. The pedestal mount fits the housing too — oil-

immersed units are heavy and a concrete pad is the standard foundation.

Step-up, step-down, or isolation. Step-down. The utility delivers four hundred

eighty volts AC. The rectifier's secondary output after the bridge gives eighty

volts DC at full tap. The transformer's secondary AC needs to be at most around

eighty volts. Four hundred eighty divided by eighty is six. So the primary winding

has about six turns of wire for every one turn on the secondary. Step-up wouldn't

make sense — the secondary voltage we need is below the primary, not above.

Isolation transformers aren't typical in standard CP rectifiers either.

Phase, cooling, and step direction. Three independent type-distinctions. Each one

a separate question. Each with its own deciding factors. The right unit for a site is

the one where all three answers fit the conditions.

That brings us to the end. EC-007 is module seven of seven in the Electrical

Basics for CP Foundation series.

Look back at where we've been. EC-001 set up circuit shapes — series, parallel,

series-parallel — as the patterns CP currents follow through structures and earth.

EC-002 walked Ohm's Law and the basic V equals I times R math that lets a tech

turn a millivolt reading across a shunt into the actual current through the bus.

EC-003 took voltage, current, and resistance into measurement-scenario territory

at real test stations. EC-004 drew the line between AC and DC regimes and

named where each one lives in CP work. EC-005 got into power and energy in CP

power sources, including where heat losses come from. EC-006 connected those

losses to the underlying physics of the rectifier transformer through

electromagnetism. EC-007 finishes the series by giving you the working tech's

recognition skills for the transformers themselves.
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A transformer is half of every standard CP rectifier. Nearly all CP rectifier

transformers are step-down. The turns ratio equals the voltage ratio — primary

voltage divided by secondary voltage equals primary turns divided by secondary

turns. Single-phase or three-phase matches the AC service. Three housing types

— air-cooled, oil-immersed, explosion-proof oil-immersed — with site classification

typically driving the choice. Tap settings, coarse and fine, are the technician's

lever for adjusting the DC output. And six nameplate fields tell a tech what they're

working with — primary voltage, secondary voltage range, phase, kVA rating,

cooling type, frequency.

That's the working level of transformer recognition a CP technician needs. The

math gave you a number you can defend. The recognition gave you a working

tech who can stand at a CP rectifier and follow what's in front of them.

That's EC-007 from Roberts Corrosion Services. That also wraps Electrical Basics

for CP. From here, head to the quiz to lock the seven nameplate fields and the

turns-ratio math in. Pass it and your certificate for the set posts to your profile.

More modules are coming across the rest of the Foundation tier — and the

Foundation medal lands when you've cleared all of it. Thanks for working through

all seven with us.
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