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Abstract

In the recent convertor of providing variable dc output one is the time-ratio control
method (TRC) and the other’s the phase-shift control (PSC). According to the remarkable
semi-conductor development, the power conversion circuits have been almost switching ope-
ration circuits by means of the switching elements; diode, power transistor and thyristor.
With the semi-conductor elements this conversion method has high efficiency, therefor we
can make an estimate of the extensive application for a dc power of the various electronic
devices.

In this investigation the used convertor circuit is the step-up and down chopper
circuits, they have a coil of energy accumulation and some semi-conductor switching ele-
ments and it is possible to convert voltage. For the switch control its operation, that has two
states; ON and OFF, is considered in a pulse modulation, accordingly we can get three types
of modulation : pulse frequency modulation (PFM), pulse width modulation (PWM), and
pulse frequency-width modulation. In the cases of PFM and the third, however, it is the
difficulty for the filter design of filtering the output in this switch controlled convertor.

Therefor this experiment is made the pulse frequency fixed and used the PWM. As a
switching element it is put to use the power transistor in this circuit, for in such a case of
thyristor there is the turn-off phenomenon and high precision is not expected for the pro-
blem of output wave distortion.

This report is described the following; by the high speed switching element and the
step-up and down chopper circuits it was obtained that the characteristics of power conve-
rsion was sufficient result, furthermore the circuit was simple, and the coil and capacitor
magnitudes were little as compared with other circuits.
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Fig. 1; The model circuit for the fundamental principle of dc conversion. e;(t)
andle;(t)| are input voltage and its absolute value, eq(t)’s output. SW-1
and SW-2 are ideal switches aud uy(t) and us(t) are logical functions
for its operation. v;(t) is input signal to the switch control circuit, L;
inductor, C; capacitor, and R; load resistance,
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Fig. 2; The operational waves for de conversion.
uyg(t) or ug(t) equal 1,it means SW-1, or SW-2=O0N. uz(t) is logical
function to change step-up and down; ug(t)=1 is the step-down, and
ug(t) =0’s the step-up. The chopper frequency equal to the clock pulse
frequency.
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Fig. 3; Logical operation circuit for uy (t) and ug(t).
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Fig. 4 ; Swich control circuit, e; (t) is input, 1/kele;(t) | is its divided voltage and
vi(t)’s value decides a dc output voltage. The pulse width of PWM
operation circuit *1 is proportional to v;(t) and *2 inversely to it, and

uy’ (t) and up’ (t) are outputs of this circuit, ug(t) is formed equation (6)
Logical operation circuit expresses the Fig.3.
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Fig. 5; In the step-down two equivalent circuits, ug(t) is 1 at all
time, and L; inductor, C; capacitor, R; load resistance and
i(t); circuit current.
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Fig. 6 ; In the step-up two equivalent circuits, uy (t)is always 1.
L; inductor, C; capacitor,R; load resistor and i(t); circuit current.
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for dc conversion. In this figure oscillator generates the
clock pulse, output pulse width of PWM operation circuit
*1 is proportional to v;(t) and in the *2 it’s inversely to
vi(t). Two pulse amp. circuits make the pulse larger
to be able to operate desirably the power transistor.
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Fig. 10 ; Voltage characteristics of DC input in the step-up circuit, the dotted
line is calculative value from the equation(19) and parameter’s
7r=T/RC, and load resistance R=50.2.
VI EOEREBRER LD ARRBIEOBICEED 24 v F V7 BT E DT EELHEIRK T
2, shiRERELatn, avFUyy—2RBEEETICHRE T 2EEEBMS IR C &8

RINK, MATZOEMRAREREZZ(LIELBETIESBVERZE TV 5,
<BHEHHE> BERKRCOHERRICET 2ARELOERE Fig. 11 & Fig12 R

+

155 C ORBIRERBEROBGRMEL AR UPTORICKRN 2 ¥ 7 Yy —DRKEBHEAT



150 A S R

b5, BEEKITE T S ARMEEIT Fig 11 X0, Al OBEBKE B AICHOZEL TR
5z &, 7 duty cycle 1 ¢ 230.6L0L FOBAICR IO ARBEENREELTA Z Exbh
5, o TEELZHRA/NEZ BENICB I VIEAICIE duty cycle 260%R Lics 3
CEMEILVWEEZ D, TavF vy — 2Bt UKEA0OZEICDEARRZINIEE
BiL- 2R RE SIS,

—J5 HIE BB TO AR Fig. 12 X0H S AE 550.8~2.0 DHEFICIZD

1.0 1.0 1.0
-~ (a) L = 10,0 uHH -~ (b) L =1.03 ull —~ (e¢) L =0.59 ol
(A @ @
('] [~}
- = 0,8 d ~0— t = 0.8 g %# 2=0—0__ t = 0.8
g ?\E:z:\:‘o—n-h o_t&_o..o b °§:8:8\°°\2~ 0~00 000 = \o‘&::o‘o ~o?¢o-°-°_°'°
AN £ Omoig_o_ 0.6 | Bl 7N, oo T 7% =9%—0-g.6
s [\ T 0.6 | 5] \ °~e_ ~o% | . ‘a °~o o
B o '\, O~0—ol g a L é N, oo, ou\.:
Y ~ H \ ‘v\g.n 5 o
~ °\° \o\. - 0 ° ¢ - Neo
0.5 \ ~o_ o |05T No 0.57 N
%l AN °
° '} 0. 0.2
\' AN \O
o ~o
\o\ 0 No
LN o N, 0.2
g 0.2 | g o g
o
0 | ; — o : | — o | % :
0 1.0 2.0 3.0 0 1.0 2.0 3.0 0 1.0 2.0 3.0
(x lo*) (x 10-4) (x 1074
AI (load current ) AX ( load current ) Al (load current )
Fig. 11 ; Load characteristics of DC input in the step-down circuit, in this figure
parameter’s t=T1/T; 0.2—0.8 and C=800uF.
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Fig. 12 ; Load characteristics of DC input in the step-up circuit, this parameter’s
t=T4/T; 0,2—0.6 and C=800uF,
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Fig. 13 ; Voltage characteristics of AC input in the step-down circuit, in this
parameter’s Tr=T/RC and R=502.
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Fig. 14 ; Voltage characteristics of AC input in the step-up circuit, in this
parameter is 7p=T/RC and R=502.
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Fig. 15; Load characteristics of AC input in the step-down circuit, parameter’s
t=Ty1/T; 0,2—0,8 and C=800uF,
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Fig. 16 ; Load characteristics of AC input in the step-up circuit, in this parameter
is t=Ty/T; 0.4—0.8 and C=800uF.
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Photo. 2 : DC Input and DC Output Wave Photo. 3: AC Input and DC Output Wave
Used circuit is the step-up chopper Used circuit’s the step-up chopper
circuit, input voltage DC=10 v, circuit, input voltage AC eff.=10
and duty cycle t=0.6. v, and duty cycle t=0.6.
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