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7. WARRANTY

Congratulations! Your new instrument has been quality crafted according to quality
standards and contains quality components and workmanship. It has been inspected for
proper operation of all of its functions and tested by qualified factory technicians according
to the long-established standards of our company.

Your instrument has a limited warranty against defective materials and/or workmanship for
1 year from the date of purchase provided that, in the opinion of the factory, the instrument
has not been tampered with or taken apart.

Should your instrument fail due to defective materials, and/or workmanship during
this 1 year period, a no charge repair or replacement will be made to the original
purchaser. Please have your dated bill of sale, which must identify the instrument
model number and serial number and call the number listed below:

Repair Department

ATP — Amprobe, TIF, Promax

Miramar, FL

Phone: 954-499-5400
800-327-5060

Fax: 954-499-5454

Website: www.amprobe.com

Please obtain an RMA number before returning product for repair.

Outside the U.S.A. the local representative will assist you. Above limited warranty covers
repair and replacement of instrument only and no other obligation is stated or implied.
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8. APPENDIX: VOLTAGE AND CURRENT HARMONICS

8.1. THEORY

Any periodical non-sine wave can be represented as a sum of sinusoidal waveforms each
having a frequency that corresponds to an integer multiple of the fundamental frequency,
according to the relation:

k=1
where:

Vo = Average value of v(t)
V1= Amplitude of the fundamental of v(t)
Vi = Amplitude of the k™ harmonic of v(t)

1 LEGENDA:

1. Fundamental

2. Third Harmonic

/\ 3. Distorted waveform sum of two

w previous components.

Effect of the sum of 2 multiple frequencies.

In the mains voltage, the fundamental has a frequency of 60 Hz, the second harmonic has
a frequency of 120 Hz, the third harmonic has a frequency of 180 Hz and so on. Harmonic
distortion is a constant problem and should not be confused with short durations events
such as sags, surges or spikes.

It can be noted that in (1) the index of sigma is from 1 to the infinity. What happens in
reality is that a signal does not have an unlimited number of harmonics: a number always
exists after which the harmonics value is negligible. The EN 50160 standard recommends
the index end in (2) in correspondence of the 40" harmonic.

A fundamental element to detect the presence of harmonics is THD defined as:

THDy =22

This index takes all the harmonics into account. The larger it is, the more distorted the
waveform gets.
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8.2. LIMIT VALUES FOR HARMONICS

EN-50160 fixes the limits for the harmonic voltages, which can be introduced into the
network by the energy provider. Under normal conditions, during whatever period of a
week, 95% if the RMS value of each harmonic voltage, for a duration of 10 minutes, will
have to be less than or equal to the values stated in the following table.

The total harmonic distortion (THD) of the supply voltage (including all the harmonics up to
the 40™ order) must be less than or equal to 8%.

Odd harmonics Even harmonics
Not multiple of 3 Multiple of 3 Order h Relative voltage %Max
Order h Relative voltage % Max | Order h Relative voltage % Max
5 6 3 5 2 2
7 5 9 15 4 1
1" 35 15 0,5 6..24 05
13 3 21 0,5
17 2
19 1,5
23 1,5
25 1,5

These limits, theoretically applicable only for the supplier of electric energy, provide
however a series of reference values within which the harmonics introduced into the
network by the user must be contained.

8.3. CAUSES FOR THE PRESENCE OF HARMONICS

Any apparatus that alters the sine wave or uses only a part of such a wave causes
distortions to the sine wave and therefore harmonics.

All current signals result in some way virtually distorted. The most common situation is the
harmonic distortion caused by non-linear loads such as electric household appliances,
personal computers or motor speed control drives. Harmonic distortion causes significant
currents at frequencies that are odd multiples of the fundamental frequency. Harmonic
currents affect the neutral current.

In most countries, the mains power is three-phase 50/60Hz with a delta primary and star
secondary transformers. The secondary generally provides 277V AC from phase to neutral
and 480V AC from phase to phase. Balancing the loads on each phase has always
represented a headache for electric systems designers.

Until some ten years ago, in a well balanced system, the vector sum of the currents in the
neutral was zero or quite low (given the difficulty of obtaining a perfect balance). The
devices were incandescent lights, small motors and other devices that presented linear
loads. The result was an essentially sinusoidal current in each phase and a low current on
the neutral at a frequency of 50/60Hz.

“‘Modern” devices such as TV sets, fluorescent lights, video machines and microwave
ovens normally draw current for only a fraction of each cycle thus causing non-linear loads
and subsequent non-linear currents. All this generates odd harmonics of the 50/60Hz line
frequency. For this reason, the current in the transformers of the distribution boxes
contains only a 50Hz (or 60Hz) component but also a 150Hz (or 180Hz) component, a
50Hz (or 300Hz) component and other significant components of harmonic up to 750Hz
(or 900Hz) and higher.

The vector sum of the currents in a well balanced system that feeds non-linear loads may
still be quite low. However, the sum does not eliminate all current harmonics. The odd
multiples of the third harmonic (called “TRIPLENS”) are added together in the neutral
conductor and can cause overheating even with balanced loads.

EN - 32



/A AMPROBE

8.4. CONSEQUENCES OF THE PRESENCE OF HARMONICS

In general, even harmonics, i.e. the 2nd, 4" etc., do not cause problems.

Designers should take into consideration the following points when designing a power
distribution system that will contain harmonic current:

ACD-51HP - ACD-56HPQ

Installation parts

Effects attributed to Harmonics

Fuses Heating of internal fuse elements. This over-heating can cause an explosion of the fuse casing.
Increase in “body” effect. This means, for cables with many wires, the internal wires have higher
impedance than external wires due to their inability to dissipate heat.

The consequence of this is the current, which normally is distribute along the external surface of

Cables wire, produces:

— an over-heating of the conductor;
— a premature degrading of the cable’s insulation;
— anincrease in line voltage drop.

Neutral conductor

The triplens harmonics, odd multiples of three, sum on the neutral conductor (instead of erasing
themselves) and generate a potential danger over-heating situation of the same conductor.

Increasing of copper loss due to a higher TRMS current value that circulate on internal circuits
and due to “body” effect present on protected wires also.

Transformer Increasing of iron loss due to hysteresis cycle distortion and due to generation of leakage
currents on magnetic core.
Heating of insulation material due to eventually DC component that can generate saturation of
magnetic core column.
Increase of loss due to over-heating of internal circuits and possible damage of insulation
Motors materital. Increatse in motor vibration reducing efficiency and causing premature motor wear.
The 5" and 11" harmonic components generate some abnormal electromagnetic coupling that
can increase motor speed.
Increase in “parallel resonance” present inside a circuit, due to inductive loads and re-phased
Re-phased capacitance, when at least one of the harmonics has the same frequency as the resonance
capacitance phenomenon. Effects of this event can be very dangerous. with explosion of used re-phased
capacitances.
RCD devices Possible saturation of current sensing toroidal transducers resulting in incorrect measurements.
Energy disk Increased rotation speed of a disk resulting in measurement error (especially in cases of low
counters power factor loads).

Power controls
switch

Reduce of electrical duration of contact surfaces.

UPS Reduced power generation from UPS.
Electronics Internal damage of electronic components.
devices
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