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Sensitivity and Removed THD of a Phase-
Cutting Dimmer

H. Fathabadi

Abstract—In this paper, we consider a designed and
implemented phase-cutting dimmer. In fact, the dimmer is closed
loop and a microcontroller calculates and then regulates the firing
delay angles of each channel. Depending on the firing angle, the
harmonic distortion in the input current will not comply with
international standards, such as IEC 61000-3-2 (class C equipments).
For solving this problem, eight harmonic compensators have been
added to the dimmer. So, the proposed dimmer has a little harmonic
distortion in the input current whereas conventional phase-cutting
dimmers are not so. Sensitivity and removed THD of the proposed
dimmer will be presented.
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I. INTRODUCTION

S we know electrical energy is expensive. So, when the

luminosity of environment is higher than enough, the
electrical power is become useless. In order to economize of
electrical energy, we must turn off or decrease the luminosity
of lamps. In this way, a lot of electrical power will be
economized. As we know, a dimmer can do this. Recently,
dimmers have attracted considerable attention [1]-[10]. Most
results addressing this subject, available in power electronic
literature. As we know, phase-cutting dimmers are two types,
open loop and closed loop. In open loop dimmers, the
luminosity of environment is regulated manually. Conversely,
in closed loop dimmers, luminosity is regulated automatically.
So the economy of energy is higher. The dimmer which is
presented in this paper, is closed loop. This dimmer regulates
the luminosity of eight locations synchronously. Also eight
harmonic compensators have been added to system. In order
to economize the electrical energy, the outputs of
compensators have been connected to resistances (elements)
of the water heaters or boilers in houses or industrial centers.

II. BLOCK DIAGRAM AND HARDWARE OF THE DIMMER

The block diagram of the dimmer has been shown in Fig. 1.
As we see, the system consists of the following units:
1) Eight sensors in eight locations. These sensors generate
eight feedback signals which are changed by varying in
the luminosities of the eight locations.
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2) Analog to digital converter. The output signal of each
sensor must be converted to digital signal. These digital
signals can be used by C.P.U. or microcontroller.

3) A multiplexer. Eight digital signals must be
multiplexed in order to transmit on one data bus.

4) A cross-over zero detector. This unit generates a
negative edge pulse, when AC power line passes from
negative alternation to positive alternation. In fact, this
unit generates the origin of time.

5) A CPU or microcontroller. This unit is necessary,
because it calculates and regulates the firing delay
angles of eight triacs base on the eight feedback signals.

6) Eight isolators and couplers. Power section of circuit is
isolated from the control section of circuit by these
elements.

7) Eight controlled power drivers. Controlled power
drivers are electronic elements such as triac or thyristor
that operate as controlled switches.

8) Eight harmonic compensators.

9) Twenty four lamps (three lamps for each location or
channel). In fact, they are the output of the system.
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Fig. 1 Block diagram of the dimmer

Also implemented dimmer has been shown in Fig. 2.
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III. FLow CHART AND SOFTWARE

A flow chart for software of the dimmer has been shown in
Fig. 3. Base on this flow chart, the software for the dimmer
has been written. In fact, this software is a program in C++
language for programming microcontroller 89C51. This
program has been presented in appendix.

Fig. 2 Hardware of the dimmer
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Fig. 3 Flow chart for software of the dimmer

IV. SENSITIVITY OF THE DIMMER

In this section sensitivity of the dimmer which realized and
constructed in above, will be calculated. Eight photocells with
number Cds 8107 have been used as the feedback sensors of
the dimmer.

As we know, Cds cells are a type of photoconductive
devices. They are semiconductor sensors that utilize the
photoconductive surface that reduce resistance. The spectral
response of Cds 8107 is close to that of the human eye, so it
can be widely and easily used in applications as sensors
substituting for the human eye. Thus, it can be used for
detecting the luminosity of daylight. The Cds 8107 resistance
vs. illuminance characteristic has been shown in Fig. 4. Form
this characteristic curve we have,

Ra[kQ
tos"2LE) < g tog(ET LX) (1)

where Ry is output resistance of Cds 8107 and Eis the
luminosity of environment. So,
Ro [kQ]=800E 692 Lux]. )
In the other hand, the input voltage to ADC809 is
R
Volv]= 5 3
olv] R+Ro(+) 3)

where R is the resistance of 50 [kQ] potentiometer which has
been cascaded with photocell. From (3), we obtain that

R [KQ]

1000}
800

200
100

1000 [:Lux]
Ty min ance

Fig. 4 Cds 8107 resistance vs. illuminance characteristic

Vg 2408R.E 2 @
OE (R +800E0602)2
and so,
2408R.E 1602

S a0z z OF -

(R +800E 0002y
As we know, ADC809 is an 8-bit analog to digital converter.
So, the input voltage to this converter is quantized to 256
levels. With considering this fact, we conclude that

+5 [v]

Mo =z~ ©6)

From (5) and (6), we obtain that

AV ®)]

+5 -1.602
2408R.E
236 (R+s00E 00072 M @
and so,
5x (R +800E ~0-602)2
ABwin ~ 1.602
256 x 2408R.E 7"

For example, for adjusted resistance of potentiometer at

[Lux]. ®)

R=50 [kQ] and the luminosity of the environment at
E =300 [Lux], from (8), we have
AEyn =8.6687 [Lux]. )

This means that, the dimmer can regulate the luminosity of the
environment at E =300 [Lux] with accuracy of 8.6687 [Lux].
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V. DIMMING RANGE AND REMOVED THD

Microcontroller generates the delay time for each channel.
So, we have

At e (Oms , 20ms) (10)
where At is generated delay time for a channel. By
considering

2z At
= 11
20ms 1D
we have
a (0, 27) (12)

where o is the firing delay angle of one channel. So, dimming
range of proposed dimmer is (0 , 27).

Suppose that, the compensators of proposed dimmer have
been removed. For THD of dimmer (without compensators),
we have

(13)

where

A7 =1+ jz”sin(x) cos(MO)dx]? + [ J' > din(0sin(ndx]? (14)
o T Ya

v
So, we have
2 1 1 - 1 5 2
Al =5l + - 2
|An] 4”2[(n+1) +(n_1) +(n2_1) n2—1COS( a)
+—————cos(N+1)a —————cos(n-1D)e]
(n* —(n+1) (2 -1Hn-1)
for n>2 (15)
and
|A1|2:8”%(1—00520!)+(1—%)2+i(l—%)sin2a. (16)

It follows that,

THD =1 . (17)
T
S 1, 1 2 5, 2 4
nZ:ZZ[(m) ”ﬁ) +(n271) nz71cos(2a)+(nzil)(n+l)cos(n+l)a+4.

1 a o 1 a . .
—(1-cos2a)+(1-—)" + —(1-—)sin2«x
8”2( )+ 271') 277( 27r)

So, equation (17) presents the removed THD of a channel
with using the harmonic compensator of the same channel. In
practice, there are mismatching between the loads of one
compensator and its related channel. So, a little harmonic
distortion can remain in system. In this case, the value of THD
can be reduced and limited to zero by matching the loads of
each compensator and its related channel.

VI. CONCLUSION
In this paper, we considered a designed and implemented
phase-cutting dimmer. The dimmer had been contained eight
harmonic compensators. Sensitivity and removed THD of the
dimmer were presented.
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