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sin (A + B) =sin Acos B+ cos Asin B
sin (A-B)=sinAcosB-cosAsinB
cos(A+B)=cosAcosB-sinAsinB
cos(A-B)=cos AcosB+sin AsinB

tanA + tanB
tan (A +B) = 1-tanA tanB
tan (A - B) = tanA - tanB

1+tanA tanB



AC Fundamentals : Power in AC circuits

* Average power Is the power delivered by the source and dissipated or
consumed In the load.

* Also known as Active power.

* For any load in a sinusoidal ac network, the voltage across the load
and the current through the load will vary in a sinusoidal nature.
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*let v=V_sin(owt+0)

: i =1_sin(ot + 6) — .

* Power p = Vi = Py sin(wt + 0 )]y sin(wt + 08)) i
= Vdw sin(wt + 0,) sin(wt + 8;)




AC Fundamentals : Power in AC circuits

* Power

30 that

p = Vi = Iy sin(wt + 8 )1, sin(wt + 8;)
— I’MIm Sm(Wf T OV) Sm(wt + 0))

Using the tngonometrnic identity

cos(4d — B) — cos(4 + B)
)

the function sin(wr + 6,) sin(wr + 6,) becomes
sin(wr + 0)) sin(wr + 6))

cos[(wt +0,) = (wr + 8,)] — cos[(wt + 8,) + (wt + 0,)]
)

cos(f, — 6;) — cos(Quwr + 0, + 8)

sindsmB=
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Fived value Time-varying (funcuon of 1)
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p= l Vi cos(@, — 0,-)‘ — l V;I" cos(Qwt + 0, + 9,-)‘



AC Fundamentals : Power in AC circuits

o 50 that ‘nced value Time-varying (function of 1)

»J

p= cos(@, —0)‘ I = cos(2wt + 0, +0)

* Second factor in the preceding equation is a cosine wave with an amplitude of Vmim/2
and with a frequency twice that of the voltage or current.

* The average value of this term is zero over one cycle, producing no net transfer of
energy in any one direction.

* The first term in the preceding equation has a constant magnitude (no time
dependence)
and therefore provides some net transfer of energy. This term is referred to as the

average power,

* The average power, or real power as it is sometimes called, is the power delivered
to and dissipated by the load.



AC Fundamentals : Power in AC circuits

¢ as equal to |0, — 6],

Vit

cos @ (watts, W)

= (V3 )(vs)

Vi I
\/3 and Igff= \/;

P = Vsl cos 8




Capacitor

A capacitor is a passive two-terminal electronic component that
stores electrical energy in an electric field. The effect of a
capacitor is known as capacitance. While some capacitance
exists between any two electrical conductors in proximity in a
circuit, a capacitor is a component designed to add capacitance

to a circuit.
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Diode Bridge Rectifier
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Diode Bridge Rectifier

Off state voltage max. 50V
Rated current 2A




Zener diode

A Zener diode is a particular type of diode that, unlike a normal one,
allows current to flow not only from its anode to its cathode, but also
in the reverse direction, when the Zener voltage is reached. Zener
diodes have a highly doped p-n junction. Normal diodes will also
break down with a reverse voltage but the voltage and sharpness of
the knee are not as well defined as for a Zener diode. Also normal
diodes are not designed to operate in the breakdown region, but
Zener diodes can reliably operate in this region. The device was
named after Clarence Melvin Zener, who discovered the Zener
effect.
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Diode Zener 1.3 W 5.1V - BZX85C5V1



Zener Diode Regulator
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The resistor, Rs is connected in series with the Zener diode to
limit the current flow through the diode.
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DIAC

The DIAC is a diode that conducts electrical current only after its
breakover voltage, VBO, has been reached momentarily. The
term is an acronym of "diode for alternating current".

When breakdown occurs, the diode enters a region of negative
dynamic resistance, leading to a decrease in the voltage drop
across the diode and, usually, a sharp increase in current through
the diode. The diode remains in conduction until the current
through it drops below a value characteristic for the device, called
the holding current, IH. Below this value, the diode switches back
to its high-resistance, non-conducting state. This behavior is
bidirectional, meaning typically the same for both directions of
current.

Most DIACs have a three-layer structure with breakover voltage of
approximately 30 V.
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DIAC characteristic curve
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DIAC DB3 32V 2A
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TRIAC

TRIAC, from TRlode for Alternating Current, is a generic
trademark for a three terminal electronic component that
conducts current in either direction when triggered.

Its formal name is bidirectional triode thyristor or bilateral
triode thyristor.

TRIACSs' bidirectionality makes them convenient switches for
alternating current (AC). In addition, applying a trigger at a
controlled phase angle of the AC in the main circuit allows
control of the average current flowing into a load (phase
control). This is commonly used for controlling the speed of
induction motors, dimming lamps, and controlling electric
heaters.
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TRIAC characteristic curve
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Solid-state relay

Solid-state relay
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Solid state relay 3052




Specifications of solid state relay 3052

Relay Output Type MOSFET
Isolation Method Photoelectric
Dielectric Strength 1.5kVAC
Control Voltage Min 1.5V DC
Control Voltage Max 5V DC
Load Voltage Max (DC) |40V DC
Load Voltage Max (AC) |28 V AC
Load Current Max (AC) |2.5A
Load Current Max (DC) |2.5A
Turn-on Time Max 5 ms
Turn-off Time Max 0.2ms
Contact Resistance 50 MmO

Max
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Diac AC Phase Control
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Time

8.35ms

Zero crossing pulse at 0, 180, and 360 degrees.
F = 60Hz; P = 1/60 = 16.7mSec; Half-Cycle = 8.35mSec
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#define triacPulse 5

#define SW 4

#define aconlLed 12

int val;

void setup() {
pinMode(2, INPUT);
digitalWrite(2, HIGH); // pull up
pinMode(triacPulse, OUTPUT);
pinMode(SW, INPUT);
digitalWrite(SW, HIGH);
pinMode(aconLed, OUTPUT);
digital\Write(aconLed, LOW);

}



void loop() {
Il check for SW closed
if (IdigitalRead(SW)) {
I/l enable power
attachinterrupt(0, acon, FALLING);
I/l HV indicator on
digitalWrite(aconLed, HIGH);
} Il end
if else if (digitalRead(SW)) {
detachinterrupt(0);
Il disable power
/[ HV indicator off
digitalWrite(aconLed, LOW); }
Il else
} Il end loop



I/l begin AC interrupt routine

Il delay() will not work!

void acon() {
delayMicroseconds((analogRead(0) * 6) + 1000);
Il read AD1

digitalWrite(triacPulse, HIGH);
delayMicroseconds(200);

/Il delay 200 uSec on output pulse to turn on triac
digitalWrite(triacPulse, LOW);

}
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