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he Ground Fault Circuit Interrupter (GFCI) has

evolved from a somewhat troublesome beginning to

become a reliable safety device and an accepted fact of life

that is pretty much taken for granted.

The GFCI plays a role in the pressure washer industry

because the National Electrical Code (NEC) has required

them on electric pressure washers for nearly two decades.

Article 422.49 of the 2005

NEC states, “All single-

phase cord-and-plug-con-

nected high-pressure

spray washing machines

rated at 250 volts or less

shall be provided with

factory-installed ground-

fault circuit-interrupter

protection for personnel.

The ground-fault circuit

interrupter shall be an integral part of the attachment

plug or shall be located in the supply cord within 300

mm (12 in.) of the attachment plug.” The requirement
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Electrocution Hazard!

A GFCI protects a person only against current that leaks

to ground through the person. (A “line-to-ground” shock.)

A GFCI provides no protection against current that flows

from one line through the person and back to the other line.

(A “line-to-line” shock.)
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originally applied only to ground-

ed products, but in 1996 the NEC

expanded the coverage to include

double-insulated products. In coor-

dination with the NEC, the UL 1776

pressure washer safety standard

contains the same requirement in its

clause 16.1.8.

This article reviews what a GFCI

is, the basics of how it works, and how

new GFCIs differ from older ones.

What Is a GFCI?

Turning once more to the NEC, we

find the GFCI defined as “A device

intended for the protection of per-

sonnel that functions to de-ener-

gize a circuit or portion thereof

within an established period of time

when a current to ground exceeds the

values established for a Class A

device.” (Class A devices must trip

if the current leakage to ground

reaches the range of 4–6 mA.)

U.S. electrocutions declined from

810 in 1985 to 400 in 2000, and the

GFCI is credited with much of that

reduction. But even though this won-

derful device is an important tool

in preventing electrocutions, it is

crucial to understand that no GFCI

protects against all electrocution haz-

ards. A look at the principle by which

a GFCI works makes clear what it

does and does not protect against.

How Does a GFCI Work?

It is sometimes useful to draw an

analogy between water flow in a

pipe or hose and electric current

flow in a wire. However, there is an

important aspect for which that

analogy doesn’t work. You can squirt

water from the end of the hose onto

the ground or into a bucket, but

you can’t squirt electric current from

the end of a wire to anywhere.

Unlike the single spigot at the

beginning end of the hose, even the

most basic electrical source has not one,

but two terminals. The only way an

electric current can flow is if it can

emerge from one terminal, pass

through something, then return to the

source through the other terminal.

In everyday life, the terminals

just mentioned might be those in a

building’s panelboard, and for the

familiar 120 V service two wires,

one black and one white, are con-

nected to the terminals. The black and

white wires run to, say, a receptacle

and then, via a plug and power

cord, into a product such as a pres-

sure washer. Electric current flows

through one wire into the pressure

washer motor and other compo-

nents, then back to the panelboard

through the other wire.

A GFCI, whether it is cord-mount-

ed, part of a wall receptacle, or part

of a panelboard circuit breaker, sits

astride the black and white wires—

they both pass through it. The GFCI

very precisely monitors the difference

in current between the outgoing wire

and the returning wire. Since the

exact same current that goes out

from a source must return to it, the

difference between outgoing and

returning currents should be zero.

However, the source terminal to

which the white wire is connected

is also connected to earth ground.

The significance of this is that it’s
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possible under certain circumstances

for current delivered to our pressure

washer through the black wire to

divide and return to the source

through two parallel paths: the

white wire and also through earth

ground. And it’s possible for a user

touching the pressure washer to

become part of the ground path

back to the panelboard.

But if even a small amount of

current supplied by the black wire

is returning to the panelboard

through a path other than the white

wire, then the currents in the black

and white wire are no longer equal.

The GFCI detects this inequality,

and if the difference reaches the

range of 4–6 mA, the GFCI quickly

trips to disconnect power to our

pressure washer. (Note that 4–6 mA

is only 0.004–0.006 amps.)

The philosophy behind the GFCI

is that if not all of the current from

the black wire is returning on the

white wire, it’s returning by some

other path, and that path could

include a human being. This sort of

malfunction is called a “ground

fault,” hence the GF part of the

GFCI name.

Ground Wires

Even though a GFCI detects “leak-

age to ground,” it does so only by

measuring the difference in cur-

rents in the outgoing and returning

wires. The GFCI is not connected to

any ground wire. The “two prong”

GFCI and the “three-prong” GFCI

shown in the photo are the same

devices except for the green wire that

connects the three-prong plug’s

ground pin to the green wire of the

power cord.

Historical Experience

The start of this article mentions

a “somewhat troublesome begin-

ning” for GFCIs. Those who were in

the industry during the introduc-

tion of GFCIs to pressure washers will

remember the multitudes of GFCI-

tripping complaints by users, and also

remember seeing more than one

pressure washer with its GFCI cut off

and replaced by a regular plug.

The problem seems to have had

two roots. One is that early GFCIs

were not as robust as newer ver-

sions. The other is that the advent of

the GFCI revealed that many pres-

sure washer designs had a significant

amount of electrical leakage to

ground. Sometimes GFCI “nuisance

tripping” was solved simply by

positioning the pressure washer in

a drier location.

Several years ago, organizations

such as the National Electrical

Manufacturers Association (NEMA)
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A “two-wire” GFCI (Figure A) and a “three-wire” GFCI (Figure B) with covers removed.

Both are the same device, except for the green wire that connects the three-prong

plug’s ground pin to the green wire of the power cord.

Figure A

Figure B
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and the International Association

of Electrical Inspectors conducted a

study of thousands of installed GFCI

receptacles and circuit breakers.

They found a disturbing propor-

tion of the devices still delivering

power even though the GFCI func-

tion was no longer working.

Today’s GFCI

The electrical industry has been

working to make GFCIs more robust

than ever. UL 943, the consensus

product safety standard for GFCIs,

was revised effective January 1,

2003 to include these changes:

• A more stringent voltage surge 

test to ensure the GFCI can 

handle a higher surge current.

• A new corrosion test to 

demonstrate greater immunity 

to moist conditions.

• A test to verify that proper 

operation of the GFCI cannot 

be prevented by manipulation 

of the GFCI buttons.

• A reverse line-load miswire 

test that requires the GFCI to 

trip when miswired.

• An abnormal overvoltage test 

that requires the GFCI not become 

a fire or shock hazard during 

extreme overvoltage conditions.

• Increased requirement for GFCI 

to operate properly after exposure 

to conducted radio frequencies.

Some of the foregoing items apply

specifically to wall-type GFCI re-

ceptacles, but are nonetheless of

interest because such receptacles

are often found on skid hot water

machines. The enhanced require-

ments are intended to give us GFCIs

that are more resistant to problems

in both their physical and electrical

environments.

NEMA has been working hard to

get the U.S. approach to GFCIs fully

recognized by the international com-

munity, where they are known as

Residual Current Detectors (RCDs).

Working through the International

Electrotechnical Commission (IEC),

NEMA is addressing issues such as

voltage dependence. The U.S. posi-

tion is that GFCIs should be voltage
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dependent—that is, they should drop out upon loss of supply voltage, 

whereas that’s typically not the case in Europe.

Another issue on which NEMA has trained its sights is IEC requirements

that have tended to favor trip currents in the area of 30 mA, intended to pro-

tect against cardiac fibrillation. The U.S. position is that GFCIs should trip at

about 5 mA because higher currents may prevent a person from “letting go.”

The Bottom Line

More and more pressure washers are designed and built to meet the safe-

ty standard, which allows a machine just 0.5 mA of leakage current, only
1⁄10 of the 5 mA GFCI trip current. Combine that with increasingly robust GFCI

designs, and the result is very few “nuisance trips” compared with the old

days. Although the GFCI can migrate into the “out of sight, out of mind”

category, manufacturers remind us to use its “test” button frequently so as

to be assured that the device really is working. CT


