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Surge Suppression Devices

Avoid transient voltage problems by understanding
how to correctly apply Art. 285

By Mike Holt, NEC Consultant

n just milliseconds, a voltage surge
can destroy valuable equipment
or even bring an entire facility
\1 down; thus, protection against
" transient voltage spikes is im-
.| portant. Hard-wired transient
protection devices are covered by either
Art. 280 (above 1kV) or Art. 285 (1kV
or less). Art. 280 refers to them as surge
arresters, while Art. 285 calls them as
surge-protective devices (SPDs).

Most Art. 285 surge arresters oper-
ate by “clipping off” the highest level
of voltage and diverting it away from
the load. In this manner, the voltage
on the conductor is limited to a prede-
termined level. The spark gap arrester
is a simple device and an example of a
surge arrester. Although it’s an Art. 280
device, describing its operation helps us
understand the operation of the surge
arresters covered by Art. 285.

One lead of the spark gap arrester is
on the protected conductor; the other is
on the conductor of an alternate path.
At the arrester, an “air gap” (actually,
if’s not air but inert gas) separates these
leads. The gas normally provides such
a high impedance that current flow is
nearly zero (per Kirchhoff’s Law, some
current will flow through the gas). But
when voltage hits a certain level, current
jumps through the gas. Subsequently,
the gas acts as a short circuit. The gaswill
continue to shunt current until voltage

drops to a level closer to normal.

Article 285 surge-protective de-
vices don’t use a gas and don’t have the
short-circuit effect. Instead, a solid-state
device, such as a metal oxide varistor

(MOV) or silicon avalanche suppres-
sion diode (SASD), “switches on” at a
certain voltage. Unlike the spark gap
arrester, these devices conduct only the
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Fig. 1. Per the guidelines in 110.14(A), you can co
the terminal is identified for multiple conductors.

overvoltage portion of the electricity.
The effect is called “voltage clamping,”
and they have to clamp within a limited
range of voltage.

That’s where transient voltage surge
SUpPPIressors (TVSSs) come in. A basic
TVSS cascades a series of MOVs to
render the spike progressively smaller
until it’s no longer a threat. Thus, you
can install one device that will handle
the entire voltage range of the spike at
a given location. However, a TVSS may
do more than that, because the diversion
technique isn’t the only method of deal-
ing with power spikes.

Although it’s true that diversion
devices tend to dissipate much of the

Connecting SPD
At the Service
Section 285.23

VIOLATION
Terminals are listed

— for one wire unless

marked otherwise.
[110.14(A)]
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nnect only one conductor to a terminal, unless

transient energy as heat, they do not
eliminate transient power spikes. They
primarily reduce the voltage levels and
incidentally reduce the energy levels,
which isn’t always sufficient protection.
It may also be necessary to add filter-
ing to the protection scheme. Filtering
devices do not divert the transients but
use inductive and capacitive elements
to absorb them. Filtering devices may
be incorporated into a TVSS, which is
subsequently covered by Art. 285.

Hardware. When planning an SPD
installation, look at your hardware
options. For example, you must decide
which performance specifications you




Type 1 Surge Protective Device
Section 285.23(A)

-

(&)
)
i)

Y80
2}

@
) @

S
i

Capyright 2009, www.MikeHolt.com

Type 1 SPDs are rated less than 1,000V
and are listed to be installed on the line
or load side of the service equipment.

g ==
W equipment [230.82(4)].
need for each device at a given point of
protection. It’s tough to sort through all
this and come up with a well-engineered
solution. But it’s even tougher to go back
and do it over if you didn’t comply with
J the following SPD requirements at the
i outset:
1) Where used, the SPD must be con-
nected to each ungrounded conductor
of the circuit [285.4].
2) SPDs must be listed [285.5] for
. the intended use. UL 1449, “Standard
lless for SPDs,” clearly states that these units
“limit the maximum amplitude of tran-
sient voltage surges to specified values.”
not 3) Bach SPD must be marked with
they its short-circuit current rating, and a
and hazardous condition is present if the
vels, SPD short-circuit current rating is less
lion. than the available fault current.
lter-
ring Installation. SPDs aren’t essential
ibut to the prevention of fires, so the NEC
lents doesn’t require anyone to install them.
may However, incorrect installation poses a
¢h is hazard. Therefore, if you install SPDs,
youmust do so per Art. 285. Don’t install
SPDs in any of the following applica-
SPD tions [285.3]:
Ware » Circuits that exceed 1kV.
teide + Ungrounded systems, impedance
iyou grounded systems, or corner-grounded

Fig. 2. As outlined inthe NEC, you can install Type 1 SPDs [285.23] on the supply side of service

delta systems, unless listed specifically
for use on these systems.

* Where the voltage rating of the SPD
is less than the maximum continuous
phase-to-ground voltage available at the
point of connection.

Avoid unnecessary bends in SPD
conductors [285.12], and don’t make the
conductors any longer than necessary.
You can connect only one conductor to
a terminal, unless the terminal is identi-
fied for multiple conductors [110.14(A)]
(Fig. 1 on page 42).

Three ratings. From highest energy
level to lowest, SPDs may be rated Type
1, Type 2, or Type 3 [285.1, FPNs 1 and
2]. The energy level is a device safety rat-
ing based on several characteristics. SPD
Type is not a performance rating. The
NEC is concerned only with the safety
aspects; therefore, it provides limitations
on where you can install an SPD based
on its Type.

Type 1 SPD— You can install Type 1
SPDs [285.23] on the supply side of ser-
vice equipment [230.82(4)] (Fig.2).1t’s
also common to install them on theload
side of service equipment per 285.24,
based on the energy levels encountered
there. You must connect them to one of
the following:
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Type 2 Surge Protective Device

Section 285.24

Type 2 SP[ﬂ
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Fig. 3. Type 2 SPDs are listed to be installed on the load side of service equipment.

(1) Service neutral conductor.

(2) Grounding electrode conduc-
tor.

(3) Grounding electrode for the
service.

(4) Equipment grounding terminal
in the service equipment.

Type 2 SPD — You can install Type 2
SPDs [285.24] on the: :

* Load side of service equipment per
285.24 (Fig. 3).

+ The load side of the building/
structure overcurrent device.

+ The premises wiring of the sepa-
rately derived system.

Type 3 SPD — You can install Type
3 SPDs [285.25] on the load side of a
branch-circuit overcurrent device up
to the equipment served — but only if
the connection is a minimum 30 ft of
conductor distance from the service or
separately derived system disconnect.

Conductors. Conductors for SPDs
must be at least 14 AWG copper or
12 AWG aluminum. You can connect an
SPD between any two circuit conductors
and all grounding connections must
conform to Art. 250, except as noted
in Art. 285.

Permanent transient protection.
A good transient protection system

that includes a properly specified SPD
scheme installed per Art. 285 can eas-
ily pay for itself with one power event.
The economics for installing such
a system are compelling for almost
any facility. That doesn’t mean you
can just install it and forget about it.
By the nature of what they are called
upon to do, SPDs tend to lead fairly
short lives compared to other electri-
cal equipment.

Although you can easily tell when
a transformer blows or a motor fails,
an SPD failure doesn’t announce itself
by shutting down production. An SPD
doesn’t operate under normal condi-
tions; it operates under abnormal con-
ditions. For this reason, a failure goes
unnoticed when everything is going well
(unless you have SPD instrumentation to
make it noticed).

The NEC doesn’t require you to con-
duct preventive maintenance, monitor-
ing, or testing on your SPDs. Nor does
it require you to test them after a storm
or after a known power event.

From an operational viewpoint,
however, these measures allow you to
ensure your SPDs will provide the pro-
tection that justified their installation
in the first place. “Testing by transient”
is not a cost-effective way to maintain

SPDs. ECaM

Whatever Your
Needs, We’ve Got
The Perfect Fit.

Shuret{iex Nylon .
Ligmidtight System

Blue.l{otév
Conduit Botlies

The Thomas & Betts fittings family
has the innovation you're looking
for. The Shureflex nylon liquidtight
system installs easily—no fools
needed. Ranger® liquidtight cord
connectors handle twice the cord
diameter of ordinary connectors. And
BlueKote® conduit bodies deliver
triple-layer  corrosion  protaction.
To learn more, call 1-800-816-7809
or visit www.tnb.com.

Thomas&Betts

Circle 54 on Reader Service Card
or visit freeproductinfo.net/ecm




