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https://www.youtube.com/watch?v=Mchae_nbLK8


TRANE Heat Pump
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Insu [daauauov
ADIUGDYNISYDVANA
Tagwaainsovrun
SOuUS:UU Heat Pump
KainkKalgus:inn
BoikurAunastsvulu
lida: Application
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Boiler (kJoduun) Ko Heater (aadalwwh)
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BoikuAuNsidoulundas Application

TRANE Heat Pump

1. Air to Water Heat Pump auisowaaunsou
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A primer for non-electrical engineers ‘5'-\

Harmonic Distortion in >

Electrical Systems

2/3

Non-linear loads distort the original cur-
rent and voltage waveforms by drawing
current in instantaneous pulses that are
disproportionate to voltage.

Switch-mode power supplies (SMPS),
found in computers, servers, moni-
tors, printers, photocopiers, telecom
systems, broadcasting equipment, and
variable-speed motors and drives, are
examples of non-linear loads. Single-
phase, non-linear loads are prevalent
in office equipment, while three-phase,
non-linear loads are widespread in larg-
er electrical systems.

Non-linear electric loads are charac-
terized by a non-constant resistance
during the applied voltage waveform.
Because the resistance is not constant
the resulting current waveform does not
match the applied voltage waveform.
Each of the various non-linear loads
have a unique resistance characteristic,
and thus, a unique current waveform
shape.

The common SMPS load consists of a
2-pulse (full wave) rectifier bridge (to
convert AC to DC) and a large filter
capacitor on its DC bus. This load draws
current in short, high-amplitude puls-
es that occur around the positive and
negative peaks of voltage. The resulting
current waveform is shown in Figure 8.

Figure 8. Common SMPS current waveform

This power conversion creates harmon-
ics. When the rectifier converts incom-
ing AC power to DC power, its demand
for current rapidly cycles on and off.
This cyclic power draw distorts the
original shape of the current waveform,
“chopping up” the sinusoidal shape
and imposing new waveforms that are
multiples —harmonics — of the original
signal. These harmonics are reflected
back onto the electrical system. 1 The
combination of the fundamental sine
wave and its multiples cause “harmonic
distortion,” a new waveform of an en-
tirely different shape.

Although the circuit is supplied by a 60
Hz sinusoidal voltage waveform, the
resulting current waveform shown in
Figure 8 isn’t a simple 60 Hz sinusoi-
dal waveform. This waveform can be
described mathematically as being the
combination of many sine waves of
different frequencies.

To better understand this, it’s neces-
sary to understand how sine waves are
added.

Harmonics. As mentioned earlier, the
presence of harmonics in electrical sys-
tems means that current and voltage are
distorted and deviate from sinusoidal
waveforms.

To demonstrate we’ll start with a funda-
mental 60 Hz sine wave, similar to the
one shown in Figure 1, and add a second
sine wave with a frequency of 180 Hz
(or 3rd harmonic). Figure 9 shows the
60 Hz wave in orange and the 180 Hz
wave in gray. The waves are combined
by adding the area under each curve.

Another way to look at this is that at any
point along the x-axis, the value of the
orange wave is added to the value of the
gray wave. When both waves have the
same sign, e.g., both are positive, the
magnitudes add. When the waves have
opposite signs the values subtract. The
result is the dotted blue wave.

The harmonic frequencies are always
integer multiples of the fundamental.
Figure 10 shows the resulting waveform
when second, third and fourth har-
monics are added to the fundamental
waveform.
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Figure 9. Resultant waveform for the combination of fundamental and 3rd harmonic
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Figure 10. Resulting waveforms for 2nd, 3rd and 4th harmonics
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Displacement and Distortion Power Factor Comparison.

Linear Loads, Displacement Power

Factor

- Linear loads do not change the shape of
the current waveform, but may change the
phase angle between voltage and current.

- Power factor correction for linear loads
can be achieved by adding capacitance to
offset the inductive effect of the motors
and realign current with voltage.

- In linear circuits, the sinusoidal currents
and voltages are of one frequency. The
displacement power factor arises only from
the difference in phase between the current
and voltage.

Non-Linear Loads, Distortion Power
Factor
- With a non-linear load, the current is drawn

from the utility in pulses which may occur
multiple times per electrical cycle.

- Non-linear loads create harmonic currents

at higher frequencies in addition to the
original current frequency.

- Power factor correction can be achieved

using filters designed to pass only line
frequency (50 or 60Hz), reducing harmonic
current, and making the non-linear device
now look like a linear load.

- Distortion power factor is a measure of

how much the harmonic distortion of a
load current decreases the efficiency of the
power transferred to the load.

Engineers Update

2/3

Figures 9 and 10 show a single harmonic
being added to the fundamental waveform
to illustrate how the addition of harmonics
changes the shape of the resulting wave-
form. The waveform addition used in Figure
10 can be used to add multiple harmonic
waveforms at the same time.

It's necessary to use many harmonic waves
to produce the complicated waveforms cre-
ated by non-linear loads. Figure 11 shows
the addition of 3 through 15th harmonics
to create a “square” waveform.

More on power factor. The previous section
on linear electrical loads explained that
the displacement power factor is used to
indicate how much non-productive current
is required by the linear load. Similarily,
non-linear loads also result in non-produc-
tive currents. These currents are quantified
by distortion power factor.

The total, or true, power factor for a system
is the combination of displacement power
factor and distortion power factor. These
nonproductive currents cost the utility. Al-
though the utility can’t charge for the extra
current on a kW basis they may include a
charge (penalty) for a low power factor.
For example, in some markets a low power
factor of 80 percent could be charged a
16% percent surcharge.’

If the power company includes a charge for
low power factor there is a direct cost for
harmonic distortion.

Harmonic currents travel through the elec-
trical system along with the fundamental
current. Electrical systems can tolerate
some harmonic content but when the
harmonics are excessive a host of issues
can arise. Problems caused by harmonics
can be widespread throughout the system,
e.g., overheating of distribution equipment,
or localized to the disruption of sensitive
equipment, and interference with telecom-
munication circuits, etc. Voltage distortion
resulting from the current distortion, can
also result in equipment problems.

To be continued
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We're Hiring

SudiJASvIU

Cost Estimation Engineer
91UdU 3 das

Location : Bangkok / Phuket / Pattaya

Job Qualification:

+ Degree in Mechanical Engineer or related
field

* Good command in communication and
written English TOEIC 500 UP

+ At least 3-5 years experiences in HVAC
design, project engineer or related field
functions will be advantage

* Male or Female age 28-35 years
* Be good at communication & co-ordination

+ Excellent manual dexterity in operation
machines and documents

+ Self- starter and able to work independent
and as a team

+ Able to traveling both up country and
abroad

+ Extensive knowledge of PC

+ Own car and driving license

QS18AIBYQINUIAN

Insu (Us:inflng) wulu
2aaknssuUsuUaINARD
inaluladus:kgawavviu
Us:ansnwav dksuiwn
1A 11a:d1ASIBTOWIEUBE
GAJIUUS:aVAND:asSKI
IWousouviu Tudinkuv
d1v¢ dod

Energy Audit Engineer
9IUdU 2 9aST

Location : Bangkok

Job Qualification:

+ Degree in Mechanical Engineer or related
field

+ Good command in communication and
written English TOEIC 500 UP

+ At least 3-5 years experiences in HVAC
design, project engineer or related field
functions will be advantage

* Male or Female age 28-35 years
+ Be good at communication & co-ordination

+ Excellent manual dexterity in operation
machines and documents

+ Self- starter and able to work independent
and as a team

+ Able to traveling both up country and
abroad

* Extensive knowledge of PC

+ Own car and driving license

QS18AISYQAIWUIAN
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Energy Audit Technician
9IUdU 2 s

Location : Bangkok

KUNATQISIL ;

N1sASIOUSIDTUAIUWELOU (Energy Audit) INolRnsiufivus:ansniwnsBwaooiu la:nsgoyide
waovu foudutunsiunsusuusy TagyvkIvfuaomsanyidawanoiu laswuls:ansamwiumsis
waovoviu
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JUs:auMSaIvIUS:UUIMENONANS TSOVIU I3:S:UUUSUDNAAYILDUSAUWALLIU
- DAWSS:UUIWRAISLEY ISVAIass:uUTWRNESOY (Generator) WUTU
- awsafBrouwoiaas TUsinsu Microsoft Office 11a: Auto Cad WU
- OANBMUBONURUTU
- anwisadusagud a:0lududsasud
- awsaiaunvludiodordald
DuuUgaUWUSAGdoWSOULILTUOYVANS
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