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In the dimmers and motor driving apperatuses, AC control switches consisting of thyristor
are generally used in order to control the AC power of load. Those switches control the load
voltage by adjusting the firing angle of thyristor, so the equivalent power factor considered as
the difference between source voltage and load current are more lagging than that of pre-
adjusting in spite of load characteristic. And the larger the firing angle, the lagger the
equivalent power factor. But if we can control the AC power by adjusting not only the :ﬁring
angle but also the extinction angle of thyristor, this defect is improved regardless of load
characteristic. In this paper we proposed this new type AC control switch and discussed on its
basic characteristics which were a fundation of its application.

At first constitution of AC control switch was mentioned in chapter 2 and two new circuits
were proposed. And next sﬁpposing the switch circuits as an ideal switch, we discussed on basic
characteristics of AC con‘rol switch as the effective value and fundamental component of load
voltage (Section 3.1), current waveforms of inductive load and capacitive load (Section 3.2), and
phase difference between source voltage and load current so on (Section 3.3). It is a strong
point that AC control switches proposed in this paper can control the load voltage constant and
phase difference between source voltage and current constant also. Then we proved those facts
both analytically and experimentally with 6KVA apperatus.
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Fig. 2 Load voltage waveform of AC control
switch by adjusting the firing angle
and the extinction angle together.
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Fig. 3 Examples of AC control switch which is
capable to adjust the firing angle and
extinction angle together.
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Fig. 5 Fundamental values of load voltage.
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Fig. 7 Figure for explanation of mode when
inductive current flows.
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Fig. 8 Inductive current waveforms which is
calculated with a=45° and y=135°.



pe B MR s il RE—RE

W e =,

TH 5. Lhdx ARFER O EHR L

Mode | a1 (t/) = Ic sin (wt+0) + Ian
t/
{40pe RE (19
- 1 /
: RC =
Mode [ iy(t’) = Iyn(4+0) e
iy (20)
Mode Il iam (t') =—iar (t'— =)  (21)
Mode IV irrv(t’) =—ia1 (t/— %) (22)

Lich. Mode EIIHIOKICRT., = 2 T(19)~(22)
AT =45, =135 EARA L TRHE LIcHRY

/\ Vo Sin w1
/ \
7 LY
/ \
7/ \
/ \
/ \
/ \
/ N TTHC T
0 o T \\\ I/,27L
\ /
\, /
\ K
1 \\\ /I
| l\/’
A1
ATH /\ l
f— | —
. .
Fig. 9 Experimental waveforms of inductive u‘
current. (a) =15 (b)=45° ALIL
- N i I il YA
3. 2. 2 AmANENR

net+d Zwt L nr+r OF XL

Fig. 10 Figure for explanation of mode when
capacitive current flows.

1/C) fiadt-i—Riano sin ot (15) gk '
BEIL, nz +1ZLet L (n+l) 7+d Tk /('*_ll@l §= ;50.
C =
(1/C) fi;- dt + Riy= 0 (16) 20 + =4
LicBinG, (5)~(14) R LTHITTS 2 & =i
MRS, Lo TEMRIBC 151 2 DA R, T ]
. — Tk —(r—7)k o .
Ien (4+0) :—IC'klrefff~ e 0 - v G—I'I&Q 225'
gt S 45 90 =
i 6=30° —=wt
cos (+7) +eak cos (db+6) } 7)) o L 6=45"
— 7k .
Irn (40) =Ic klfe_zﬂk {cos A+7) ol g=50 Ar1(t)
1—e : 20 Te
- eaocvr)kcos(ourej)} (18) i
_3'0 -
Lieh, L Ic BXO 0 X FERER =45 YT=i35"
B Vo 1 Fig. 11 Capacitive current waveforms which is
Ic = = tan 0=— =k
~/R2+ (1/ac)? «CR calculated with a=45 and 7=135.

(40 )



G A ) AR FI AR A 1 v T

Lich, ZRAEIAR LOMIMAORKE LTRT
b AKIE BN

160 \5
D \\\\
(a) :“-i \Qb\
120 i
O
®
\ Q
&
MEESSB @@Q
W
NI
L
0 1 I 1
0 60 120 160
— =0l (deg)
Fig. 13 Displacement factor when load is pure
1esistive.
(b)

4. THREEZA v FORIEFR

KBFROZEFT A A » Tk, ARELE Vo B X
OB X b afifila 2t 112 eu o 2 w2 %k
WD DPVEELTH D5, TRAA » F ORI
FAREEIE & IR o R A A (EAuE Sk B2 5.
CHEBUNKCRT., Thpz o7 e » o FjKE2
A 2R TEHLETHEISKE 0.

Fig. 12 Experimental waveforms of capacitive

current fay 9=15* (b) 6=45° ll_ ____________________ 1
|
| |
BURCRL, CACHYT 2 B 12K R, 1 R I
s FE A — o S | amn |
WFAREN & AR AR O L bic, R | cwiteh |
il FERUEEL L —F LT B0 5, ShX Do i !
FMMEDGE S b, A B J
< Coo T ml
3. 3 EBREEREELAABROLEZE Ve I :
D |
KRBT DEHMEA 1 » 71k, A—fARToH E s | |
5Tk, ML LOMIADRA HRIC X o THA © (curro? T £ 15| |
BIROWHIs X OBEBECKHT 5 AREN R 5. . LElECL T : |
-
TP A RCHT BEEDLIEL 55, 7 S U S ;
: E | ot ! Bypass ccr !
OF BB 5 =T, HRNCIE U CEAR S ¢ el | | L J
o] N M) T : °
FRRERNRAERATHLAD, g By s 3 Fig. 14 Control system of AC control switch.
201 BIO 322 OFENL, RIS LM
)K‘Z.). s T6iﬂ?ﬁ}ﬁf—i{'ﬁiiﬂ'ﬂ"6£§7i<&7)%’4l’)k N ¥ fiflﬁf,}g) IHJIHIHJV;)‘(J LT, ;\3}3' 4 [‘S(JU) /?I%IJ,EHH;&%
THEZCTHLE S, MERAROSE, BB A bosnAfirif (dv, TB) (dB, T™M) ZRDT, 2
WHEBEE S LD, (2) 88XV (3) RNTERDLT THIEA A F 2 Hg i T U, @SR
CEMHED. Lo THARHRIZ LT A1BA M TRBRO B FRfTIe X S, 8
o - HICEBIEENREWOBEICIL, AHEN 1 THS
o e b 2 PB, W EARIEIER X O R AR HEEfE LT %

(41)



woE 3, B JRORE A Gl RS

K (b) TH5. “hblbh, THHEAA » FOkF

Ay, . -
e ) B < 5 bbb,
ol GATE TZW v
I ccri g :
Vo —> D ol I e w——
¢ y
E égwﬁmmm R | |V FEeDBACK
@ cer 19 : B
! s
g —= bl W tad
e GATE
e o !
2] cer 15|
AV

Fig. 15 Block diagram of AC control switch.
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Fig. 17 Oscillograms of constant load voltage
control.
(a) Load voltage when source voltage
is 105V.
(b) Responsed load voltage when source
voltage changed to 100V.
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Fig. 16 Combination of gate pulse position in
the case of constant voltage and power
angle control.
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Fig. 18 Oscillagrams of constant load voltage
and power angle control.
(a) Load voltage and current when load
power factor is (.707.

(b) Responsed load voltage and current
when load power factor changed to
0.500.
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