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Lots of weather
cancellations,

Sorry, sir.
Road is blocked ...

Wires down.

Primary is intact!
Clearly it's the
neutral wire -

attached
to the
quy wire.

It's
grounded!

There's no danger
In a grounded wire.

Plus the breaker
must have blown.

No Sir!l  If the wire
did not Kill me ...

The Chief
would!

I won't let my folks
touch ANY downed wire.

I

Let me tell You WHY




The Power Companies teach that
NO WIRE is safe to touch... EVER .....

They show a simplified picture
That is NOT the "GROUND" that electricity wants to "REACH
you might think it is .... GROUND" to return to the source

but "GROUND" is NOT
"HOME-FREE" - SAFE!

And it is TRUE, You DO NOT want to become
part of a conductive path from wires
to the ground ......

In fact, "GROUND" is not even intended to be part of the
circuit carrying electrical "CURRENTS" ......

Consider a simple
flashlight circuit ...
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A simple flashlight circuit has wires connecting a battery, a light,
switch, and maybe an optional fuse. NO GROUND IS INVOLVED.
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- With the switch closed ,
normal current path current will flow through the light bulb
and the light will shine. A volt meter
would read 12V across the bulb ..
(points D and E)

But, OPEN THE SWITCH ...
The light qoes out and
NO current flows.
The volt meter reads O V
unless we move it
to measure across the switch...
There we see the full 12 V.

7

NOTE: The FUSE DID NOT BLOW, it never saw too much current
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Now let's connect the low
voltage wires of the circuit *
to GROUND... Points A and D
are like the grounding gquy wires
The switch is our wire break...

With the switch closed
at point C, the flashlight
operates normally ...

/

But with the switch open, the current tries to flow
from point D to A through ground resistances R1 and R2.

7

R1 ~ 3
ground <= <= ground i

* Low voltage wires
A-B and C-D
might be called

"neutral conductors.”

pd

“Picture a Firefighter standing at point "K"
anywhere along the ground path from
points "D" to "A."

Fuse

Anyone picking up a
broken neutral at point C
would provide an alternate
path around Rl so current
would try to flow through

the person from Point C
to point K and then
through R2 to complete

the circuit.

= pyr——— GOOD QUESTION !
& Y dround the system ¢ I'll discuss in the ENDNOTE.
M What does it do?
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HOW BAD IS IT?

\

J

It depends on the voltage
and the load.

~

But mostly it depends on the

ground path resistance ...

Metal gquard rails, metal pipes,
water, puddles, all change the
ground resistance... and the risk.

Boots and gloves help...

/_J

7

But as little as 1/20 th of
an Amp can cause damage
to the human body.

~

A body only needs
about 50 Volts applied
to get into trouble.

\C

But even branch line
primaries can be
over 5000 Vol\ts! -

YOU might get LUCKY!

MAYBE the FUSE blew ? ...

\ _

OR the ground reisistance
is HIGH ??7 _..

\

You might HOPE that
SPECIAL BOOTS,
very clean and dry,

could protect you 777
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But the FUSE is a
BAD GAMBLE.

It is unlikely to
blow for a grounded
neutral.

Boots and ground resistance
are
VERY UNRELIABLE.

And it would NEVER NOTICE
the 50 milli-Amps that could
hurt a person.

WE DONT TAKE
GAMBLING CHANCES
WITH OUR FIREFIGHTERS !

% SAFETY FIRST ! é

EVERYONE
GOES HOME...




~-END NOTE -

WHY GROUND THE UTILITY SYSTEM 7?

Since the flashlight circuit works normally
WTHOUT the ground - Why add the ground
to the utility system?

AN

It SEEMS like it adds a
HAZARD ...

Battery
12v)

GREAT QUESTION !

f At almost every \

utility pole the
low voltage (NEUTRALD
wire is connected to the
local ground, often using
the metal quy wire and
a metal anchor driven

into the earth....
\Why is that important?J

The SHORT ANSWER is that
making that connection FIXES
the Normal System Voltage
relative to the Local Earth Voltage ....
It is a safety precaution.

So, T hate to
ask, but ...
What happens if

you DON'T do that ?

Maybe you have been called to a
smoke alarm problem where something
happened to the house neutral connection ??

YES!
On the last one
an alarm clock started to smoulder
and some other electronics were
damaged.

REROEN

What was happening the@
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Well, first we have to remember that
"voltage" is a relative measurement

There is no absolute voltage, just the
voltage difference between two points.
That is why
the voltmeter needs TWO leads ....

We have to also understand that
by some Certified Magnetic Magic*
the transformer near your home ...

PRIMARY

NEUTRAL v

...converts thousands
of volts between the
primary and the neutral
into two separate 120 V
lines that run into your
house with another neutral

* You might Know that this "magic" requires "AC"
- alternating current and shapes our utility system

You Do NOT need to understand this schematic reference sketch of the Utility to House Circuit:

Magnetic Coupling
- -~

Va 5
Primary (

\

5-6000 Volts

-Z200
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-]

Neutral \

LINE 1
2y 240V
””””” Neutral f
®
120V ®)
LINE 2

IN THE HOUSE

In the house big loads
like the dryer, stove
and water heater use both
Line 1 (L1) and Line 2 (L2)

to get 240 V

BUT

if something happens
to the neutral
conductor....

L1 Neutral L2

Smaller loads, like lights,
clocks and electronics
use the 120 V between
Line 1 and Neutral

Or Line 2 and Neutral

... then the voltage of either Line 1
or Line 2 might drift
much higher than 120V from the
grounded neutral
How much drift depends on the loads,
BUT ...

Page 8



PROBLEM # 1. =% || PROBLEM # 2.

But even without the heat
the extra voltage can
exceed the insulator
break down threshold,

damaging components

If the line voltage drifts too far above

the nominal 120V, then the extra voltage
drives extra current and power. The extra
power causes heat which can lead to
smoke and fire.

Often the

damage
is invisible !

=
N

=

A

And in a related issue at Utility Scale:
The Power Company can only control the voltage BETWEEN

the primary and neutral conductors ...
So, without the local ground connection

1

e
d

Wl ol W
If negative charges in the groun
gather under the positive charges
of a thundercloud....
the atmosphere-to—ground voltage will rise.
Sometimes lightning happens when the
voltage exceeds the breakdown

voltage of the insulating air. J \
mgain, we might exceh

the insulator
break down voltage on
the transmission line,
NEVER MIND FRYING )
SOME DELICATE /
ELECTRONICS ! :

S

Who knows what the
line-to-ground voltage

ﬂ might be 7??

But tying the
neutral to the local
ground potenital
Keeps the voltage
differences
within safe
limits.
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Grounding wires do
an important job,

Interestingly, they do no real work
IN NORMAL OPERATION
they carry no power
and only tiny currents flow
as the system adjusts to
local ground potential.

But if the quy wire is connected
to the power line neutral

is it hazardous to touch

a quy wire?

Another GREAT QUESTION !
In NORMAL OPERATIONS
the quy wire is
NOT A HAZARD.
It is a safety with
zero voltage to ground.

BUT, as the Chief explained,
when the neutral can't do its job
the electrical power seeks
other paths.... down the wire
and through the ground itself.

And it is easier
for electrical power
to flow through
people than through

the ground

WE DON'T WANT

\ THAT 11!

Also, electrical circuits
work invisibly and quietly...

YOU JUST DON'T KNOW !
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Maybe it sounds tricky ....
The quy wires are not a hazard
until there is a problem...
One of those
"DON'T FEAR THEM,

BUT RESPECT THEM"
situations.

Thanks for the
explanation.

My pleasure.
Just remember to assume...

i

U

IS SAFE TO TOUCH-
EVER !
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