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1992
ABSTRACT

THIS PROJECT IS ANALIZED AC POWER CéNTROLLER BY
USING CYCLECONTROL TO CONTROL AC VOLTAGE. THIS EXPERIMENT
IS USING ZERO.VOLTAGE SWITCHTING TO CONTROLLING. THE ZERO
VOLTAGE SWITCHING HAS TWO TYPES,ONE USE TO ON—OéF CONTROL
AND OTHER USE TO PROPORTION CONTROL. BUT, IN THIS
EXPERIMENT IT IS ANALYZED PROPER PORPORTION CONTROL ONLY.
SO, THE OBJECTIVE OF C?NTROL IN THIS CASE USE TEMPERATURE
CONTROLLER. THE ELIMENT THAT IS HEATER, WHICH IS A GOOD
CONDUCTION. 1IT IS BUI#T TO CONDUCT AT HIGH TEMPERATURE.
FROM STUDY AND RESEARCH OF THEORY. SO, THIS ASSIGNMENT
USING TO CONTROL TEMPERATURE BY USING HEATER THAT IS A
CONDUCTOR, WHICH IS MO?E HEATING TEMPERATURE CONTROLLER.
BY WORKING OF THYRISTER IS USED SWITCHING AND THE

IMPORTANT COMPONENT OF CONTROL IS ZERO VOLTAGE CONTROLLER.
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Characteristics Symbol Min Typ Max Unit
Current Consumption (Pins 6 and 8 not connected) ice - 0.8 1.5 mA
Stabilized Supply Voltage {Vpip 5) -Vee -96 -8.6 ~-7.6 v
Icc = 2.0 mA max
Qutput Pulse Current [Vpjn g from ~ 1.0 10 + 1.0 Volt) lout- 80 90 120 mA
Qutput Puisa Width o1 58 60 120 us
Rpin 8 = 220 KL Vmaing v 220 Vac/S0 Mz, (Figures 4 and 5) 162 160 220 320
Comparator Input Offset Voltage (Vpin 3 - Vpin 4) Volt - 10 — + 10 mv
Comparator Common Mode Valtage Range Vem ~Vee+! - -15 \
Input Bias Current (Pins 3 and 4) ! g — - 1.0 uA
Qutput Leakage Current (Ip;, ) loutt, - - 10 uA
VPing = +20V
Fail-sale Threshold Voltage (Vpin 3! VESTH - -07 - v
Capacitor Charging Currant (Source) Pin 2 -2 -16 -12 pA
Capacitor Discharge Current {Sink) I'Pin 2 - 6.4 —_ mA
Sawtooth Pulse Length [Cpin 2 = 1.0 uF) teaw — 0.85 — S
Output Threshold Sawtooth Leveis (Vpin 3} VIH1 — - 1.0 — v
VTH2 — -Veg+1.25 -
Qutput Voitage Pin 1 Vpin 1 - Vpin 2-0.75 - v
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FIGURE PROPORTIONAL TEMPERATURE CONTROL versus ON/QOFF CONTROL
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FIGURE OUTPUT PULSE WIDTH DEFINITIONS
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FIGURE  PIN 1 INTERNAL NETWORK
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tufl 2 v erifudn Peak maSunéeéﬁu stﬂzasauazﬂﬁﬂtguéaﬁn
dUNNT 2.5-2
249 (N/T)
a0 = 1 5 VL (wt) d wt = 0O . (2.5-3)
N 0] ’
249(N/T)
an = 1 J . VL (wt) cosnwt dwt)
N o
= 2V T [1-cos 2anN]  ..... (2.5-4)
(T2-n2) T
29(N/T)
" bn=1 j VL (wt) sin nwt dwt
0
|
2V T [-sin 2%nN] ... (2.5-5)
9(T2-n2) P
fNvun (Magnitude) maoﬂﬁiuﬂnﬁ n 999 Cn Tﬂuﬁ n=T
Cn = a2n + b2n
B 2 VI __[2(1-Cos _29nN )]1
n(T2-n2) T 2
2. = _2 VI [4 sin2 anN]1
n(T2-n2) T 2
ﬁoﬁu Cn = _2 VI 2 sin (niN)  ..... (2.5-6)
4(T2-n2) T 5

AL NEVeIB Tuilln - Batduureudtoundsinvuaz A indndl n ves

nscud
Yn = tan-1 an
bn
¥n = tan-1 [1-cos(29nN/T)/sin(24nN/T)
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tan-1 [sin 4nN/T]/-cos4nN/T

4 — 4nN/T forn < T

3
‘o
=
=
<
o)
I

4nN/T -9 forn > T

5.1.1 ®1uAnvenveInl1udundsIy  ( 1<n<T) (Subharmonic of

Supply frequency) '

WnTnunniauisiygudufifia 15188  (Integral Cycle
Newstorm) 984198 tnoUve9BTHINGoUYOIAINNTUNGIY  §A
n=1 WFUANNIT 2.5-4 69 2.5-6 310 1/T th vevs 1 Tuiintou 39
Lﬂuﬁﬁﬁhqﬂmaoﬂwiuﬁndau sl 2.5-1 Lﬁuﬁqadﬂoﬁﬁﬁﬁqﬂmaoaqiuﬁn
dou e T=3 1/T Wﬁaﬁtﬂuazﬁaoﬁmuﬂﬂtﬁnﬁqﬂ Wwnsdl n<T A"
qutwamaoaﬁTuﬂnmaonsxuaﬁ n wrifidcduguay 81 oNoT RURTEETN

s iuilnae (uvan

79Ny 2.5.1 o n>3;N=2 L9719 lad T nous1Tniinve
i

nszudt duay (Current Harmonic Component)

n<3 duNAli n=1 wie 1/T th vevs 1 Tuilndey (Subharmonic)
TR .

Yn = 4-24/3 = + 4/3 rad
01 n=2 nie 2/T th weesiufinteu 3:'d

Yn = 4-4%/3 = - 4/3 rad

5.1.2 dulsrnouvessnTuiln  (flessanarnufivesundasny (Supply

Frequency Harmonic Component) (n=1)

101 n = T F99NdUN1T 2.5-4 9 2.5-6 tﬁﬁﬂzﬂﬁ@t%ﬂé
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24 n/T

an = T = 1/ [ VL (wt) cos T wt dwt ....(2.5-8)
o
249 n/T |
bn =T = 1/4 5 VL (wt) sin T wt dwt
o ’

]
I

2v/24 [24N/T] 2 V N/T ....(2.5-9)

1979 1AUUAY0Y Cn = T (Magnitude Cn = T)

Cn = 2 VN/T

IIWATBY an = T = O wanIIIdUUTENBUAI R TEINTL U
A DULNARUAUTIAU UA2999BuURLNTe 191Aa (Integral Cycle Cir-
cuit) a:WﬁnhowuﬁtwwtqaéuWﬂtﬂaétﬁﬂﬁunﬁo tNI1:lUB9A VL8N
AUAN (Control Period) a:xlifinnsiqumanssudiduaiuiaan 9n
7Y 2.5.1 L9719t 1n Cn=2/3 Per unit YoIwan1sndvdudIYIdyy o
WyﬁﬁuwépéﬁutﬁUOﬁu #atiu uuﬂﬂgﬂvaoﬁunsznaunvnuéunéoéﬁumao
nNTud aztﬁuﬁﬂéquﬁuaﬁuduﬂéuﬁouﬁ (Conducting Cycles)

5.1.3 ﬁﬁﬁﬂinﬂnﬁquﬁ (Zero-Value Harmonic)

= 4

ANdUN1IN 5.6 61 n=T 1513z 0vaLTudluiney sin (na

‘d :

o
n/T) (dugud &ty sin (n1 n/T) a1 Huruindedle

n = TK/N ill8 XK= 1,2,3 e...(5.11)
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5.3 rms. load voltage and load power

' i 4
5.3.1 ussAuuaz3idaurained. (Ripple factor)

ANLTIAU rms. VL vooreadu v(wt) W3U2.5.1 1971314
29 N/T
VL2 = 1/24 & V2 sin2 Twt dwt ....‘(2.5-—13)

o

o
Ingtasiu VL

vV {/(N/T) ... (2.5-14)
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Vn = T wn¥e VT uar srlufiniiliiAnannaanuiungedny (VH)
twsﬁzazﬁu VL2 = VT2 + VH2 ....(2.5-15)
INNANAITH 2.5-10 ' 1519l VT
' VI = V.N/T ....(2.5-16)
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was T

VH = V{(N/T) - (N/T)2
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VI/VL = ¢ (N/T) ....(2.5-18)
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VH/VT = /((N/T)—(N/T)2)/(N/T)
V(T/N-1) ... (2.5-19)
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Ripple factor

N

0.25 0.5 0.75 1.0
Power (pu) = N/T

Ripple factor versus power (Lingard et a/., 1970)

integral cycle control
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————— symmetrical phase angle control

3Y 5.6 Ripple factor versus power

Integral' cycle control
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Easta 1 E
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LM124, LM224, LM324,A, LM2902
E4
e
b4
" RCPRESINTATIVE CIRCUIY SCHFMATIC thas Cocunry =
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©
=
s
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H
Veg G-
LARGE SIGNAL VOLTAGE ; 0
FOLLOWER RESPONSE uf each consists of g ‘ferential input aevices Q20 ang
TR e | Q18 with nput buf*er tranuistors Q21 and Q17 3ng
i t h: I ’ Vee * 18 vae the ditferential 1o S'ng'e ended converter Q3 ang Q4
— 3 T AL DN The first stage performs not only the first stage ga.n
! = H ":7 2""" tunction but also perfores the teya( shifting and trane. :
N ! ] conductance reduction functions, By reducing tha trang
> ! iz ! Il | conductance a smaller ccmpensation €apacitor {only 5 pF,
<] . M e TR STUEY P 7
3 S H % T can be employed, t- s saving chip arsa The transcon
4 - i \ o i ] ductunct fedad tioer oy arcomplishect o, nr oepeg ge,
X i I ) wetors of Q20 and O1g Angther featute of thi iy g
‘ t - i 9 !
i = l/ stage s that the inp t SIMmon-mod raqg: can ey
. 1 ] the negative supply or ground, in SIngis sunnly operatige
-E | T : | | vaithout Saturating eitmer the inpy devices or thye ¢t
N o ferential 10 single ended converter Th, s2eond stag: co~
SO D st> ol 4 s1an0ard current soyrce loag amphlier stag.-
Each amplifier 15 bigsed from an interna! voitage regy
CIACUIT DESCRIPTION lator which has a low lemperature coefficient thys gning
The LM124 Series is made using four internally com. each amplifier good temperature characteristics as well yg
g 9
pensated, two-stage operational amplifiers The first slage excellent power suppiy rejection
-
SINGLE SupPLY SPLIT SUPPLIES
3.0V to VECiMan' l'
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MOTOROLA '
e SEMICONDUCTOR Erere—— UAA1016B
TECHNICAL DATA

ZERO VOLTAGE SWITCH
ZERO VOLTAGE CONIHOLLER FRGFORTICNAL BAND
TEMPERATURE CONTROLLER

The UAA10168B is designed to drive triacs with the Zero Voltage
technique which allows RFi free power regulation of resistive SILICON MONOLITHIC
loads. It provides the followin_g festures: INTEGRATED CIRCUITS

® Proportions! Temperature Control Over an Adjustable Band

¢ Adjustable Burst Frequency (to Comply with Standards)

® Sensor Fail-Safe ]

@ No dc Current Component Through the Main Line (to Comply
with Standards)

® Negative Output Current Pulses {TRIAC Quadiranls 2 and 3) 8

& Direct ac Line Operation N

® Low External Components Count )

PLASTIC PACKAGE
CASE 626

FIGURE 1 — BLOCK DIAGRAM AND PIN ASSIGNMENT
|
220 Vac
T e s e LA AR S N 0C 909
Temp. < " '
Set 2’:1 Rz ] 1.
|
1
3
-~ Sampling
7 Full Wave
4 4
VRe! § ~ Comparator Legt N
- | Sawtooth l f
] Generator
X '; “ |
1
Synchro- Power /zil I
l nization Supply
(NTC) & '
Temp. k/ ' l
Sensor S l Load
¢ |
UAA10168 ' N
et —_——
I . 2 - -veel® d-
Pin 2 Syne
ipe T " T
PN i
! t
1
220 Vac
Design Notes 1. Let R4 > 5RL '
2 Select :—; Ratio for a sy (nical reference deviation centered about Pin 1 output swing, R2 will be shghtty grester than R3
3 Se'ect B2 2nd 83 values for the des.res u!e}ence Grviabon where “NVgep ¢ 'R:p'" !
i CRA TR
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MAXIMUM RATINGS (Voltsges refetred to Pin 7)

UAA1016B

Parameter Symbol Max. Rating i Unit
Supply Current {Ipjn &) Ice 15 mA
Nonrepetitive Supply Current (ipj, 5} iccp 200 mA
AC Synchronization Current (Pin 8) Isyn 30 mA (RMS)
Maximum Pin Voltages VPin 1 0: - Vee Volt
Vrin 2 o - Veo
VPin3 ]| 0:-Vcc '
VFin & G - vce
VFin & +2.0; - Vee t
Maximum Current Drsin . Ipin 1 1.0 mA
Power Dissipation Pp 625 mwW
TA = 25°C | !
Maximum Thermai Resistance . RaJA 100 ‘Cw
Operating Temperature Range TA ~20 10 « 100 *C

ELECTRICAL CHARACTERISTICS (T4 = 25°C, Voltages referred to Pin 7 unless otherwise noted)

Characteristics Symbol Min Typ " Max Unit
Current Consumption {Pins 6 and B not connected) icc - 0.8 1.5 mA
Stabilized Supply Voitage (Vpip, 5} -Vee -96 -86 | -76 v
lcc = 20 mA max
Output Pulse Currént (Vpjn g from - 1.010 + 1.0 Volt) lout 60 80 120 mA
Output Pulse Width' tp1 58 60 120 e
Rpijn 8 = 220 kf}, Vmains = 220 Vac/50 Hz, (Figures 4 and 5} tp2 160 220 320
Comparator Input Offset Voltage (Vpin 3 - Vpin 4} Vot -1i0 — +10 my
Comparator Common Mode Voltage Range vVem -Vee~t — -1.5 v
Input Bias Current (Pins 3 and 4) / g — — 1.0 Py
Output Leakage Current (lpi, ) loutL = — 10 uA
VPing = 20V '
Fail-sefe Threshold Voltage (Vpin 3) \ VESTH — -0.7 — v
Capacitor Charging Current {Sourcei ipin 2 - 20 -16 -12 uA
Capacitor Discharge Current {Sink) I'Pin 2 — 6.4 — i mA
Sawtooth Pulse Length (Cpin 2 = 1.0 uF) ] = 0.85 — 1
Output Threshold Sawtooth Levels (Vpjn 2} VTHI — -1.0 —
VTH2 — -Veg+1.25 -
Output Voliage Pin 1 i VPin 1 - Vpin 2~0.75 - v

T

CIRCUIT DESCRIPTION

The circuit delivers current pulses to the triac at zer0
crossings of the main line sensed by Pin 8 through
Rgync: An internal full wave logic allows the triac to
latch during full wave periods in order to avoid any dc
component in the main line, in compliance with Euro-
pean regulations. Trigger pulses are generated when
the comparator detects Vpjn 3 is above Vpi, 4 lor
Vreference) @s sensed temperature through the NTC is
then lower than the set value [VRgf corresponding (o
the external Wheatstone bridge equilibrium).

In order to comply with norms limiting the frequency
at which a kW sized load, or above, may be connected
to the main line (lluorescent tubes “flickering™), the
UAA10168B has an internal time base providing (power

is defivered by bursts to the load) a proportional tem-
perature band control. In fact, most of the heating reg-
ulation systems require low temperature overshoot for
more precision and stability which cannot be accom-
plished by direct on‘off regulation (see Figure 2). An
internal fow frequency sawtooth generatdr whose out-
putis available at Pin 1, allows the designer to introduce
a periodic linear change of VRey. This deviation defines
the temperaiure band allowing proportionai puwer cun-
trol {see Figure 3).

A fail-safe circuit inhibits output pulses when the sen-
sor circuit has a fault (open_or short circuit).

The IC is directly powered from the mains by 8 drop- .

ping resistor, a diode and a filter capacitor.
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FIGURE 2 — PROPORTIONAL TEMPERATURE CONTROL versus ON/OFF CONTROL
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' KEY CIRCUIT FUNCTIONS DESCRIPTION

POWER SUPPLY — The rectified supply current is 2e-
ner regulated to 8.6 V. Current consumption of the
UAA10168 is typically less than 1.0 mA. The major
part of the current fed by the dropping resistor is used
for the sensor bridge and triac gate pulses. Any excess
of supply current is excess power dissipation into the
integrated Zener. Current consumption of the triac
pulses may be derived from Figure 4 and & (igt max.
and pulse durationi. Usually an 16 ki), 2.0 W drdpping
resistor is convenient to feed the UAA1016.

COMPARATOR — When Vpj, 3 is higher than Vpi, 4
(VRef). the comparator allows the triggering logic to
deliver pulses to the triac (Figure 3). The offset hyster-
esis input voltage has been designed to be as low as
possible (= 10 mV max) in order to minimize the un-
controiiable temperature band (proportional to the hys-
teresis) as per Figure 6. Noise rejection is performed by
a synchronous sampling of the comparator output dur-
ing very short times {typ. less than 100 ns).

SAWTOOTH GENERATOR — A sawtooth voltage signal
is generated by a constant current source {typ. 7.5 uA),
charging an external capacitor Cpj, 2 between two
threshold levels, V1 @nd V3. which are respectively:

VTHy = -0V

VIHz = —Veeo + LZB V.

Charging and discharging currents occur only with
negative halfcycles of the line.

In the UAAT016B, the sawtooth signal is available at
Pin 1 as a voltage source Vpjn 1 = Vpin 2 -0.75 V.

Maximum source current is 1.0 mA, but te keep good
linearity of sawtooth signal, a source current of 40 pA
is recommended (see Figure 7).

FAIL-SAFE — Qutput pulses are inhibited by the "fail-
safe” circuit if the comparator input voltage exceeds the
specified threshold voltage. This would occur if the tem-
perature sensor circuit had a fault

SAMPLING FULL WAVE LOGIC — Two cons:ecuti\'c
zero-crossing trigger pulses are generated at every pos.
itive mains half-cycle of the line to minimize generation
of noise {as per Figure 8). Within every zero-crossing
the pulses are positioned as per Figure 4. Pulse fer.gth
is also adjustable by Rgyne on Pin 8 to allow positive
triggering of the triac at t¥1is critical moment (firing with
low voltage between main terminals requires long
pulses).

PULSE AMPLIFIER — The pulse amplifier circuit delivers
minimum current pulses of 60 mA {sink). The triac is
triggered in quadrants Il and il

SYNCHRONIZATION CIRCUIT — This circuit detects
mains zero-crossings through Rsync and the value se-
lected determines the tripger pulse length. A zero cross-
ing current detector is employed with typicai thresholids
of =27 uA to =98 uA (see Figures 4 and 5).
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By FIGURE 3 — SAWTOOTH GENERATOR AND PROPORTIONAL BAND f
v

K]

Sawtooth Generator (Vp,p, 1)
VTHY .

/ < /

N 2
A VTH2 Z 7 " ;/

' V V

~Vee
v .
" i '2 | |- '3 !
[} — 11
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. -Vee ! ! :
Comparator Output
t il !
| [ 1
il

COMMENTS TO FIGURE 3

Referring to Figure 1, the average value of VRef is set
by Ry and R3. Rq defines the amplitude of the sawtooth
signal superimposed on VRet. defining the Froportional
Band.

Figure 3 shows three conditions:

1) During time ty we always have Vpj, 3 > VRef, and
as a result, the comparator is always “‘on’ and the
triac fired (100% max. power)

2} During time tz, Vp;n 3 is in the proportional band,
and the average power delivered 10 the load is a
fraction of maximum power,

3) During time 13. Vpin 3 < VRef. and the triat is
always “off.” 1

When the sensor temperature is above the set value
and is slowly decreasing es no heating cecurs, Vpip 3
~ Vpin 4 must exceed half the hysteresis value before
power is applied again (1), A similar effect occurs in the
opposite direction when temperature sensor is below

the set value and can remain stable as position (2). This
defines the “uncontrollable temperature band’ which
will be very small if hysteresis is alsa very smatl,

[

SUGGESTIONS FOR USE

The temperature sensor circuit is a Wheatstone bridge
including the sensor element. Comparator inputs may
be free from power line noise only if the sensor element
is purely resistive INTC resistor). Usage of any P-N junc-
tion sensor would drastically reduce noise rejection.

Fixed phase sensing of the internal comparator out-
put eliminates parasitic signals. .

Some loads. even designed to be resistive, have in
fact a slight inductive component. A phase shift at Pin
8 can be achieved with externs! capaciior Ca connected
to Pin 8 network {see Figure 9,

Suggested maximum source current a: Pin 1 is 40 pA,
in order to have acceptable sawtooth signal linearity.
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APPLICATION CIRCUITS :

Figure 9 shows a very simple applicetion of the
UAA1D168B as an electronic rheostat having 130% et-
ciency. C3 is required only if load has sn inductive com-

ponent. Figure 10 shows a typical application as a panel
heater thermostat with a proportional temperature
band of 1°C at 25°C.

FGURE 8 — APPLICATION CIRCUIT — ELECTRONK RHEOSTAT

O
4
&
. . 2= 22F
s
7 20 21000
' 6 ANA !
50k 4 UAA10168 ' } N EEAL
RO uF
i
100 uF ,; 2 5 o 3 8
! “_] :E Load
iy : 220 k 1
Ouk I47% AAA )
18k
20W .
. AR >
*External phase shift, required for Inductivé Loads only 1N4005
i
FIGURE 10 — APPLICATION CIRCUIT — ELECTRIC RADIATOR WITH PROPORTIONAL BAND
; THERMOSTAT, PROPORTIONAL BAND 1°C AT 25°C
% F
50k 3
z § .
368k -
TS T
2413 .
' s 0.1
>t uF 7
' 4
7 3 |
UAA10168 BT162:600 {% g
b
* 220 Vac
7
3 . ‘
8 (5 .
< + & Heater '
2100k T1006F S 504w
:)fﬁ
18 k
AT NTCR @ 25°C = 22k = 10% 20W yn4005 K
8 = 3700 : o

i
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